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CHAPTER 1

1. INTRODUCTION

1.1 The importance of stability studies

Drug formulations must possess adeguate chemical and physical
stability to ensure satisfactory therapeutic and toxicological
performance. Stability studies therefore involve

(i) the monitoring of chaenges in drug potency that may occur
with storage,

(ii) the prediction of the guality and general acceptability
of a drug product under in-use conditions,

(iii) the investigation of the effects of additives on the
quality, potency or efficacy of a formulation and

(iv) the detection of potentially toxic degradation products.

The detection of undesirable, pharmacologically active
degradation products in pharmaceutical dosage forms, as exemplified
by.the potentially immunogenic substances in aspirin tablets (1-3},
the nephrotoxic substance, 4-epianhydrotetracycline in degraded
tetracycline tablets (4) and the formation of m-aminophenol in
p-aminosalicylic acid tablets (5, 6), illustrate the importance
of stability studies.

Defining and guantifying such undesirable changes in drug
formulations are of paramount importance in any rational design

and evaluation of drug dosage forms.

1.2 Stability Testing Technigues

The degredative route of any substance is either physical or
chemical in nature (5, 7). In the solid state, chemical reactions

may be preceded by a physical change such as melting, dissolution



or recrystallisation (8). The choice of the method for stability

testing depends on the nature of the chemicai substance, 1its
formulation and the probable storage conditions. In pharmaceutical
stability studies both physical and chemical changes are observed.
In such studies, tablets, capsules, powders or granules are stored
at either normal or exaggerated conditions of heat, light, humidity
or oxygen tension samples are removed at pre-determined intervals,
and the degree of change determined. Likewise solutions or
suspensions could be subjected to varying conditions of pH,
temperature, iconic strength, light or oxygen tension.

Prediction of the stability of drugs and pharmaceutical
preparations depends upon quantitative mathematical expressions
(3). In order to use such mathematical expressions, adeqguate
analytical methods must be developed so as to quantify the rates

of degradations.

1.2.1 Stability Indicating Methods of Assay

Stability-indicating assays must be capable of monitoring
the changes of the parent compound in the presence of its
degradation products, or the estimation of the degradation product
in the presence of the parent compound.

The complexity of decomposition pathways and the diversities
in formulations and additives make it necessary to develop suitable
stability-indicating assays.

Chromatography has found wide use in fhe analysis of
formulated pharmaceutical products. Gas-ligquid chromatography
(10) and high performance liquid chromatography (HPLC) (11-18)
stand out as the most widely used analytical techniques. The use

0f HPLC as an analytical tool is extended to clinical samples



which may contain low levels of drugs and metabolites contaminated

with Various biochemicals as well as in the analysis of pharmaceuticals
thch may consist of sevérai drugs and excipients. Theoretical and
technological advances have now resulted in HPLC systems which can -
provide for accuracy, precision, selectivity, sensitivity and
speed in analysis of drugs in clinical samples apd in pharmaceutic§1'
dosage forms. In addition to the above advantages, HPLC complements
rather than competes with other available methods. It is more
suitable than gas chromatography (GC) for assays of many polar,
ionic or thermolabile drugs which can bé measured by HPLC with no
derivatisation and minimal extraction procedures (16).

Spectrophotometric methods have been used and reported in
the literature (17-18). 1In the study of hydrolysis of aspirin
anhydride, the formation of aspirin and salicylic acid were
monitored by ultra violet spectrophotometric methods. In the study
of the kinetics of hydrolysis of acetylsalicylic acid in suspension
both salicylic acid and acetylsalicylic acid were assayed by ultra-
violet spectrophotometry. In this study, the effect of additives
was investigated, and it was found that 50% w/v sorbitol exerted a
significant stabilising effect of aspirin in suspensién. Polyethylene
glycol 6000 and polyvinylpyrrolidone exhibited apparent stabilising
effects which were attributed to the formation of an insoluble
gummy precipitate. The enhanced degradation of aspirin in suspension
induced by glycerin was explained by the better solvent action of
the glycerin-water solution which increased the solubility of
aspirin (18).

Chemical methods including acid-base titration or reactions
which result in colour complexes form the bulk of the official

compendial methods of assay. Examples of such methods which have



been used in the assay of aspirin and salicylic acid include the

colour complex formation between salicylic acid and ferric.ions
[Fe+++], Or nNon-agueous titfation (19).

Physico-chemical methods such as differentialhthermal analysis -
(DTA) (20-25) and diffuse reflectance spectroscopy (DRS) (26-29)
have also been used in stability studigé.

Differential thermal analysis (DTA) is a thermal technigue in
which the heat effects associated with chemical or physicai changes
are measured as a function of time or temperature while a substance
is being heated at a uniform rate. Physicél changes such as
crystalline transitions, fusion, evaporation or sublimation and some
chemical changes such as oxidative decomposition and decarboxylation
can be observed. The heat of absorption or liberafion which occurs
during the course of these changes can be measured by the differentisal
thermal methods (25). The use of DTA has been extended to the
determination of reaction kinetics (20, 24). Critical evaluation
of the utility of thermal methods for the detection of possible
interactions occurring between solid components of pharmaceuticals
has been reported (25]).

Diffuse reflectance spectroscopy (DRS) is a method 5? measuring
the light reflecting power of a sample relative to a standard (29).
Light reflection from a solid is said to be diffuse because solid
surfaces consist of absorbing and light scattering particles,
uniformly or randomly distributed with a layer sufficiently thick
to make the surface opague. The diffuse reflectance power of a
solid has been utilised in detecting solid-solid interactions by
measuring the changes in the reflectance with reaction time (29).

The method is essentially gualitative (28) but correlation of change

in reflectance with chemical degradation such as in the interaction



between ascorbic acid and silicic acid have been reported «(26) .

Sestak et al. (30) has reviewed methods which have been
reported in the literature for analysis and use in quanti;ying
rates of reactions. In addition to the above methdds, these
techniques include thermogravimetry (TG), eiectrothermal anaiysis
(ETA), high temperature microscopy (hot stage), emanation thermal
analysis (ETA), thermomagnetic analysis (TMA) and photothermal

analysis (PTA).

1.2.2 Kinetic DBescription of Systems

The underlying principle of chemical reaction kinetics is the
law of mass action. The rate of any chemical reaction, for dilute
solution approximation, is proportional to the products of the
concentrations of the substances involved in the reaction; Despite
some observed deviations in the rates of reactions as predicted
from the application of the law and from the stoichiometry of the
reaction, the kinetics of degradation of substances in solution is

well documented (31).

1.2.2.1 Kinetics of DBegradations in Solutions

Reaction rate is usually defined as the rate of change of
concentration of a substance involved in the reaction. Frost and
Pearson (31) have expressed the definition mathematically as

~dc

- n el F
Fi KCy Eg. 1(a)

where dc = the rate of change of the concentratioh {(the minus sign
dt
means decreasing concentration)
s 1-n -1
k = the rate constant (Units |CONC| |TIME] )

C. = concentration of reactant at any time t

n = order of reaction



Integration of eqguation la with the limits taken as C'= Co at't = O

and C at t = t, first, second and third order equations’ as expressed

below are obtained applicable to single component only (31):

First order: 1In Cg = kt --- Eq. 1b
Tt '
Second order: 1 1 = kt . ---"Ea. 1lc
Ct Co
Third order: 1 1 = 2kt --- Eqg. 1d
Ctz Co
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For all cases (except n by
a general form (31):
l 1 l I 1 _ 1 = kt --- Eqg. 2
(n - 1) Cn‘l Cﬂ"l
o)

The order of a reaction is & dominant term in describing the reactions
in homogeneous systems and in a few cases of reactions in the solid
state. A number of pharmaceutical dosage forms have been shown to
follow first order kinetics as described in Section 1.3.2.2. In

the study-of degradation of aspirin solutions, Edward (32) observed
the reactions to follow first order kinetics at various temperatures
and pH values. Garrett (33) studied the kinetics of solvolysis of
acyl esters of salicylic acid and compared the stability of the

esters by the use of first order rate constants.

1.2.2.2 Kinetics of Begradation of Solids and Solid Dosage Forms

The kinetics of reactions in the solid state are complex in
nature and the velocity of such reactions cannot be defined in a
similar manner to those in solution (34). Reaction rate in the

sglid state has been defined (34) as the change with time of the



thickness of the layer of product formed, or the weight of the

layer or the number of gram equivalents of the product formed.

"1. The

For interface advahée the velocify, K, has units cm2 sec
probable reason for the difference in the definition of reaction
rates for degradations in solution and those in the solid state is
that solid state reactions neither take place in the volume nor
in the bulk of the substance, but at the interface between.
reactant phases (35]).

Pope and Judd (20) have presented an equation claimed to be

a general one for decomposition of solids in which the reaction

is described by the contracting geometry models:

F £ 1
or n 1
1-1-xkt1-m]P ™" - o --- Eg. 3
where a = a dimensionless parameter which represents the
fraction decomposed
Kk = reaction rate constant [time‘l]

n = order of reaction

However, close examination of equation 3 reveals that it could be
derived from equation 2 by substituting the concentration parameter
"of eqguation 2 by, o, the fraction decomposed. The validity of
this general equation 3 is limited since n in equations 2 and 3
will not have & similar meaning. However when n = % or % ,
equation 3 can be used to describe the reaction of a contracting
cylinder or sphere respectively and in this case n describes the
geometry of the system.

The order of reaction, therefore, is not used to classify

reactions in the solid state instead, the shapes of the a versus

t decomposition profiles coupled with the physico-chemical processes



Table 1

GENERAL CLASSIFICATION OF SOLID STATE REACTIONS

Curve Shape Description ‘ Examples of Kinetic Equations

{(a) Acceleratory Rate EquatiTns
(i) The Power law: o = Kkt Eq} 4

(ii) Exponential law: log o = kt Eq. 5

(b) Sigmoid rate Equations (Basic Nucleation Theories)

-kt"
(i) Avrami-Erofeev a =1 - e Eg. 6

(ii) Prout-Tompkins 1log «a = kt Eq. 7
1 -«

{c) Deceleratory Rate Equations

(i) Diffusional Models (Jander Equation)
1
l1-(1-w3 ]2 - {2k/y;2]t Fq. 8
(ii) Contracting Geometry Models

1- (1 - )" = (k/aglt Eq. 9

{(iii) Basic Homogeneous Kinetic Equation

a) First order log(l - a) = kyt Eq. 10
b) Second order (1 - a]-l = k2t Eqg. 11
¢) Third order (1 - a) ° = kqt Eq. 12




such as diffusion or nucleation; which are qually involved in

such reactions.

solid state have been classified as shown
From Table 1,
defined by k
such as diffusion or geometric factors like radius.
. . 1
has units time
fraction decomposed (usually expressed as a percentage of initial

drug content).

taken as 1 then a«

at any time t.

Based on such shapes and kinetic equations, reactions in the

a

n does not define the order of

systems.

of the system.

or

W=

n is

equation 13.

of a

number of directions in which the nuclei grow.

have typical velues as follows:

for a cylinder and sphere respectively.

defined as & sum of two parameters o and a as shown by

where o is the number of elementary steps in the transformation

nucleus site to an actively growing nucleus. a depends on the

a has values of

g

in Table 1
the parameters in equations 4-12 (Table 1) can be
the rate constant. embrace caomplex functions

Usually it

dimensionless parameter that describes the

Co - Ct when the initial amount of intact drug is

(1 - CtJ then Cy proportion of drug content
reaction as in homogenous

is basically that describes the geometry
For example

in contracting geometry models,

In nucleation theories

1

These parameters

2 to B (3-5 are mostly qguoted) (35, 3B).



ODetailed description of equations which enable the determination

of n and eventually the rate constanf,qhave beenlpresented by
Galwey (38). | '

The kinetic eqﬁations enable the guantitative definition of
the rétQS»oF formation or disappearance qf‘substances in a chemical
reaction. The prediction of shelf-1ife of pharmaceufical producté
from actelerated stability studies are piéced on a guantitative

basis by the application of fundamental kinetic principles (37].

1.2.3 Accelerated Stability Testing

Accelerated stability studies at high temperatures have been
used to estimate shelf-1life under normal storage conditions. An
obvious advantage of accelerated stability testing is the time
saved particularly in assessing trial formulations. Freguently
correlations from accelerated stability tests have been based on
insufficient number of elevated temperatures or on empirical
relations in supposedly similar preparations (37). The influence
of temperature on the reaction rate was put on a sound mathematical
basis by Arrhenius (38), and developed an eqguation currently

expressed as:

-E
k= ae TRT --- Egq. l4(a)

reaction rate constant

where k
A = frequency factor
E = energy of activation
R = gas constant

T = reaction temperature (Kelvin scale)

10



This equation has found wide application in both homogeneous and

heterogeneous systems. In order to explain come of the diffefences
in the reactions of solids from those of liquidé, minor modifications
to equation 14(a) were thought necessary and equation 14b was

presented (38):

-E/RT .. .
k = yCe - --- Eqg. 14(b)
where y = vibration freguency in a reaction Co—ordinaté
C = the reactant molecular concentration in a unit area

of interface

In homogeneous solution systems, the activation energy (E) has
values in the range of 50-100 KJ mole_1 (12-24 Kcal/mole) (40)
while in the solid state reactions such as the decomposition of
calcium carbonate and molybdenum oxide, values of 305.42 and 251.04
KJ molem1 (73 and B0 Kcal/mole) respectively have been reported (41).

In addition to the calculation of activation energy, the
Arrhenius equation enables the estimation of a rate constant at
the expected normal storage conditions, a value usually used to
derive the shelf life of a preparation. A good correlation between
the shelf life obtained through accelerated stability studies and
that obtained by long-term studies has been obtained (42). 1In
such studies, the stability of Vitamins A, B and C in a multi-
vitamin tablet formulation stored at 50°, 60° and 70°C were studied.
Formulations with moisture content at 3-4% levels, were observed
to follow pseudo first-order thermodegradation rates. If the
moisture level was maintained below 1% the first order thermo-
degradation rates were reduced by 78% for Vitamin A; 73% for
thiamine and by 70% for ascorbic acid. Assays performed on samples

whose moisture level was below 1%, stored at room temperature for

= 1



15, 24, 31, 35 and 38 months confirmed that the calculated
thermodegradation curve of the vitamin.preparation could be used
safely as an estiméte of potency over a 3-year period.

Slater et al. (43) showed that shelf-life prediétion o%
Vitamin A stability in multivitamin tablets célculatéd by the
ciassical Arrihenius treatment gave variations in predictions.

When the data was treated by a "modified” Arrhenius method, the
variation was reduced. It was further cbserved that the variation
is particularly serious when the limiting ingredient for expiration
dating is a pre-processed raw material and not a single entity
chemical. It is important to say that in this study the Arrhenius
equation was not altered. The modified application simply increases
the degree of freedom by determining a greater number of rate
constants from the available data, which decreases the range of
the predicted rate constant values. In many stability studies
involving pharmaceutical dosage forms, the Arrhenius equation was
generally found to be applicable (44].

The predicted shelf life of a preparation will only be valid
if the accelerated test is carried out on the final packaged
product. Before valid conclusions can be drawn from such tests,
it is necessary to determine that the elevated temperatures do not
alter the order of the chemical reaction. When the decomposition
process 1s complex involving a series of simultaneous and/or
consecutive reactions, each having a characteristic energy of
activation, storage of the product at elevated temperatures may
produce a change in the relative contributions of the component
reactions. It is also possible that elevated temperature may

induce a decomposition process that is not normally significant
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at ambient temperatures. The shelf 1ife prediction only applies to

the product formulation investigated and that one cannot expect the

DTPdlCthﬂ to be valid for different formulations of the same drug.

1.3 Solid State Reactions

In the review of reections in the solid state, Cohn (45)
observed that, although the reactions were first described in 1820,
reports on solid state reactions were rare until the early 1800's
that relatively ample reports became available (46-48). The author
(45) attempted to define reactions in £he solid state as chemiceal
processes in which one or more solids participate. Reactants form
a product reaction layer adjacent to their boundaries which increases
with the progress of the chemical reaction. Chemical reactions
were classified as structure sensitive properties of solids in
contrast to the structure-insensitive properties of solids which
included chemical formulae, lattice dimensions and true density (45).

Among the early studies of solid state reactions are the
decompositions of silver permanganate and potassium permanganate
(46 and 47 respectively). Sieverts and Theberath (46) observed
that dry silver permanganate decomposed slowly even af SOOC, traces
of water brought about a large increase in velocity of decomposition.
On further addition of water, only little effect on the reaction
rate is observed. At SDOC, the o versus t curves were characterised
by a long almost linear portion. The reaction velocity was described
by an approximate autocatalytic equation (eguation 15) when the

o
reaction was carried out at 30 C.

da = kala - o)




where k

rate constant
a = initial amount of reactant
0 = amount decomposed

do = the rate of change of o with reépect to time t
dt

This equation was observed not to describe the same reaction at

50°¢C.

Hinshelwood and Bowen (47) reported on the rate of chemical
reaction in the crystalline solid. Using potassium permanganate,
potassium perchlorate, ammonium dichromate and tetranitroaniline,
the authors studied the decompositions at various temperatures and
concluded that changes appear to be confined to the molecules in
the neighbourhood of the surface and further observed that when
disintegration of the crystal structure takes place the reaction
was strongly accelerated.

Hedvall (48) recognised and reported that reactions in the solid
state occur freguently and represent indeed an important branch
of chemistry. From the available early literature, it is noted
that studies were carried out mostly in the fields of chemical
engineering, metallurgy, ceramics and in inorganic chémistry.
Through such studies, kinetics of reactions were developed and

factors influencing reaction rates, mechanisms or pathways were

documented.

1.3.1 Factors Influencing Reactions in the Solid State

Jander (50) studied the reaction between two kinds of crystals

and proposed a theory involving the vibration of crystal molecules
in the space lattice. The vibrations cause initial contact between

two compounds forming a molecular layer of the reaction product at
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the contact surface.

Diffusion of one -or both compeounds through
the reaction layer then propagateé the reaction. Higher temperatures
favour the ihcrease in reaction velocity because of increased
amplitude of vibration.

Nucleation is the process by which the reéction interface is
initially established at perhaps a limited number ofbpoiﬁts in the
reactant, usually at a surface and possibly at an imperfection. (8).
Potential nucleus-forming sites are generally associated with some
type of lattice imperfection such as lattice defects, dislocations
and cracks. Reactions of solids often'occur at the area of contact
of two solid phases, thus before a chemical change takes place, it
is necessary to generate this interface. This process is called
nucleation (36). Factors which encourage the nucleation process
have been reported extensively, the notable factor being crystal
defects (51-55) which generally cause an increase in reaction rate.

Brislow and Rees (52} observed that in the thermal decomposition
of cadmium iodide, the reaction occurred preferably along crystal
dislocations and probably along dislocation lines as observed under
a beam of an electron microscope. In another study, a cube was
examined (55). The corner atoms were the most reactive and that
the reaction would proceed along the direction exposing more of
the plane. Microscopic imperfections were claimed to influence
rates of reactions strongly. Any defect that leads to & decrease
in lattice energy is said to enhance the reaction rate. In the
decomposition of cadmium carbonate, samples with fewer defects had
higher activation energy for decomposition and low reaction rates.

Physical adsorption (56, 57) is claimed to correlate with
perturbations of solid bonds on the crystal surface and so become

responsible for influencing reactions through contact among particles
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(551. It was observed that reaction rate between solids, the

temperature of polymorphic transitions and fusion, rates of
recrystallization and the mechanical prdperfies of 551id5 vary
when measured under different gaSBDQS atmospheres. Mutual
polarisation of surface atom and the physicélly adsorbed molecule
‘may weaken the polariaafionvcontribution to forces binding the
solid atem to its neighbours and therefore.éllow an atom to be
displaced more readily from its lattice position (56). Reactions
taking place on a solid surface are said to occur because the
stability of the adsorbed substance is.modified by forces between
it and the surface so that a smaller amount of energy suffices to
bring it to a reactive condition (54, 57). Furthermore certain
reactions which would not occur in homogeneous systems, for
example the decomposition of ammonia, will be rendered possible
by the presence of active surfaces (57)., Initial contact of
substances reacting in the solid state has been defined as the
ratio of originally contacting molecules to stoichiometric
molecules in the mixture (58). The reaction rate was found to
be directly proportional to the magnitude of the initial extent
of contact of reacting substances. In controlled conditions, the
greater the difference in grain size of the components, the greater
will a change in the ratio of components affect the magnitude of
the initial extent of contact, and also the reaction rate in the
solid state (58).

The effect of particle size on the reaction rate has been
well documented (59-61). Using the eguation of Carter (Table 14)
which was a modification of Jander eguation (Table 1, eguation 8),
(59-60) introduced the concept of particle size distribution

Sasaki

into the kinetics of solid state reactions; using the data for




the reaction between zirconium oxide and lead oxide to give lead

zirconate. Feitknecht (61) observed further that solid state

reaction mechanisms could be influenced oy particle éize.
Nicholson (B62) observed the variatiﬁn of surface area during the
thermal decompositioh of solids; and showed that surFace.érea
increases linearly with fraction decoﬁposed and that sintering
1s proportional to surface area. Surface area changes ére
complicated by the fact that elevated temperatures encourage
sintering so that the particles in contact weld together, leading
to a reduction in surface area. Sintering can be distinguished
according to TS’ which is the ratioc of absolute temperature of
reaction to the absolute melting temperature of the solid. When
TS is less or about 0.2 adhesion of particles occur, between
0.2-0.35 surface diffusion predominates and when the ratio is
0.5 bulk diffusion is possible (62).

A study was conducted by Petersen (63) to investigate
whether the rate of diffusion within a porous structure influences
the overall rate of a chemical reaction taking place at the
surface. In studies of slow self propagating reactions in solids
Hill et al. (64) concluded that propagation of heat for the
reaction occurred only by thermal conduction. In addition,
diffusion of hot gaseous products through the interstices may in
some cases convey heat over and above that conducted by the solid.

In mixed powder systems, both the particle size (65) and
the mixing ratio of the reactant constituents (41, 66, B67) have
been shown to influence reaction velocity. Both the mixing and

the mixing ratio are claimed to influence reaction through contact.

Komatsu (B6) derived an equation for the rate of reaction under

the assumption that reaction starts from contact zones of solid



particles. The reaction velocity being proportional to the number

of contact zones, while diffusion and surface forces:are ‘the rate

determining factors..

It has been observed and reported that water could increase
the rate of reaction of solids, through adsorption or hydrate
formatiorn (66-70) or through catalysis (71). Forestier and Haasser
(68) studied the effectiof physical state on the fate of reaction
between metal oxides and water. The studies revealed that the
effect of water on the reaction between solids is greater for
those solids having greater affinity for water either by adsorption
or hydrate formation. By using magnetic detection for ferrites
the authors studied the reaction between F8203 and oxides of
nickel, lead and magnesium. Even minute traces of water were
observed to increase the reaction rates. The data was explained
in terms of the number of contact points and the effect of adsorbed
water vapour on the surface of the crystal lattice. Taradoire
(69) observed that soluble compounds adsorb water to form a
surface film, which, in the presence of other matter in contact,
causes double decomposition. The author explained regctions such
as corrosion which occurs as a result of water vapour and may lead
to many solid reactions even at room temperatures. Perrin and
Roubault (71) described the effects of water on reactions in the
s olid state as catalytic in nature. In the reaction of calcium
carbonate and silicon dioxide, only compounds that contained
water catalysed the reaction. Water was therefore claimed to
mediate the catalytic effect. It was further claimed that the

presence of low melting point_substances such as alkali fluorides

and chlorides might act similarly.




Geometric arrangements in crystalline reagents were
propoeed by Marawetz»[?Z) to explainvpronounced differences.in
reactivity of closely related compounds and the differences in
the products in solution and in the solid state. The geometrical
arrangement of the molecules in the crystal is of crucial
importance in determining its reactivity. Whenever observed
phenomena cannot be aecounted for by the chemical properties of
isolated molecules, but are clearly a consequence of their
geometrical arrangement in the crystal structure, the process is
sald to be under "topochemical control;. Evidence for the
existence of such phenomena was outlined by the following examples:

(1) A reaction occurs in the solid state, when the liquid
reagent is either totally unreactive or reacts at a much lower
rate.

(ii) Pronounced differences, which cannot be accounted for
by known chemical principles are found in the reactivity of
crystals of closely related compounds.

(iii) Different reaction products are obtained when the
reaction is carried out in the solid state and in the‘liquid state.

(iv) The same reagent in different crystal modifications
has a different reactivity or leads to different reaction products.

(v) Reaction products are formed whase molecules have a
preferred orientation, in a crystallographic direction of the
present reagent (”topotaxy”).

These observed phenomena were said to be demonstrated in
free radical reactions in organic crystals, isomerization and

dimerization reactions and solid state polymerization reactions

involving chain growth. 1In the photochemical stability of tricyclic
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neurolepti ; . .
Ptic drugs, induction of Cis-trans isomerization was rapid

4iﬂ solution (73) but believad to be very slow or insignificant in
the solid stata. |

The importance of high pressure in gas solid reactions
(74-76) has found wide use in many industrial proceéses-and.such
reactions have been claimed to offer unigue possibilities in

organic chemistry (75). Kinetics of some solid state reactions

at high pressure, were studied by Zeto (78) who observed the
influence of both temperature and pressure on the polymorphic
transformation reactions of silicates. Pressure was observed to
increase the transformation rate. The reaction between organic
crystals and gases appear to be greatly influenced by the crystal
structure (75). The authors (75) further stress that crystal
structure data for molecular crystals should lead to a rapid
development of the principles governing the packing of such crystals

and their reactivity. The resulting control of such reactions

should provide a means of causing them when desired as for example

for synthesis or the means of preventing them when they are to be
avoided, such as in the stabilization of pharmaceuticals.

The factors that influence chemical reactions in the solid

state, as outlined above, have shown that reaction rates and even
pathways are influenced in a complex manner which can probably

be understood best with detailed kinetic studies.

1.3.2 Development of Solid-State Reaction Kinetics

Solid-state reaction kinetics were originally developed from
the use of double decomposition reactions involving gas evolution.

The degree of decomposition was monitored by measuring gas volumes

or changes in weight of the reactant. In most experiments, simple
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inorganic substances like the carbonates, silicates (50) and oxides

(68, 71) were studied.

1.3.2.1 Reaction Kinetics for Inorganic Solid Substances

The first and probably the most detailed kinetic model for
solid state reaction is that of Jander (50, 77-80). Jander
présented a theory of reaction between two kinds of crystals. The
reaction was dependent upon temperature and crystal size and the
rates were dependent upon general diffusion laws. By studying the
reaction of barium and calcium carbonaées with silica at temperatures
in the region of BDDDC, Jander developed a mathematical expression
(Table 1, Equation 8), which is popularly referred to as "Jander's
Equation”, to define the velocity of the observed reaction. Some
gas-solid reactions (81) for the systems studied, were found to be
influenced significantly by air and water vapour. Water vapour
was shown to effect the extent of reaction profoundly. Jander’s
equation was used to quantify the reaction velocity. In order to
measure accurately the velocity of reactions in the solid state in
which gas is evolved Jander and Hoffmann (82) devised‘a system
consisting of flow meters and manometers, to study the barium
carbonate and silice reaction, at temperatures ranging from 624
to 7480C and observed that the reaction was independent of external
pressure.

Several modifications have been done on the basic Jander
Equation (83-83) and the most reported reason for modifying is
the limitation of the applicability (83) and some error in the
basic assumptions (87).

Ginstling and Fradkina (83}, for example, studied the reaction

of a mixture of calcium carbonate and molybdenum oxide. Initially
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oDy sublimes and forms 4 film of CaMoO3 and as this complex

thiCKenSf the rate of diffusion of MoO5 towards the centre as well

as an outward diffusion of carbon dioxide becomes the rate -

controlling factors. An equation derived based on diffusion was

applicable. For the same data, jander's equation did not yield

canstant va;ues for the rate constant during bourée of the reaction.
Kroger and Ziegler (84) observed that reactions between

carbonates and silicates in glass manufacturing at temperatures

in the range of 700-300°C are strongly dependent on the formation

of the first polyeutectic melts. The mole ratios of the -

constituents determine the rate of reaction in the batch mixes.

The reactions were found not to correspond well with the linear

Jander model. The relationship between the change of thickness

of the reaction product layer with time was found to be a better

approximation when expressed in the form of equation 16(a),
2
Y- = Klilnt --- Eg. 16(a)
in contrast to that used by Jander
JE: ' --- Eg. 16(b)
y = 2Kt qg.

thickness of reaction product layer

it

where Y

K = the rate constant for the advance of reaction product
2
interface (cm”/sec)

t = time

The relationship (equation 16(a)) is claimed to be a better
approximation because it embraces the structural changes occurring

with time in the layers of the reaction product. The factor 1In t

corresponds to a continuous change of diffusion in the reaction

layers.
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Carter (87) discussed some over-simplifications in the basic

assumptions of Jander's eguation. The suthor clsimed that the

rate of advance of the interface as given by Jander (equatioﬁ 16(b))
is for the reaction of a plane surface and that the volume of the
product was assumed to be equal to that of the reactaﬁts. The
author further concluded that the developed equation (Tablé 145

was shown to model the oxidation of nickel spheres to 100% reaction..
The fit between earlier but simplified models and published rates
for small amounts of reaction, results because any shape of

particle approximates to a plane if only a thin layer of particle

is reacted.

In studies with solid salts, the formation of nuclei or
reactive centres have been reported (80, 91).

Cooper and Garner (81} studied the formation of dehydration
nuclei on crystals of chrome alum. The authors observed that
uniform growth of nuclei resulted in circular shaped nuclei and
when there were marked differences between the rates of growth in
different directions on the crystal surface, the nuclei possessed
complex outline as observed for CUSD4.5HZU to be star&shaped.

These shapes of nuclei were claimed to be linked with induction
periods observed in solid state reactions.

In the decomposition of barium azide Bartlett et al. (82)
observed that reaction proceeds at the interface between the
anhydrous azide and discrete nuclei of metallic barium formed on
the surface. The nucleil are formed at a rate proportional to the
square of the time, and when such nuclei are large, they grow at
Tzmailov (93) reviewed the theory of topochemical

a constant rate.

reactions and reported that the velocity in the case of & decomposing

single crystal is initially proportional to the third power of

time, if it is assumed that the reaction centres appear continuously
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during the reaction'period. The reaction of decomposing solids

(94—98) a; well as mix?d powders (88-100) have been stﬁdied
extensively on the basis of the nucleation theorg, with the

resultant development of kinetic equations

Avrami (101-103) used, as a basis the empirically developed
equation o?'Austin and Rickett (104) to deveslop an eguation which
describes reaction kinetics by the prébability of formation of
nuclei. The equation which has been described in the literature
as the Avrami equation (105, 108) or the Avrami-Erofeer (36) or
the Johénson—Meh1-Avrami—Ero?eer—Koglomo;ov {30) equation is

presented in the form:

n
°t = Bt —-- Eq. 17

1‘(11:

where at = fraction decomposed at time t

8 and n = constants

In a series of studies, Komatsu (105) used a modified form of the
Avrami equation to study the decomposition of potassium permanganate.

Okamura et al. (106) studied the thermal decomposition of 5-nitro-

acetyl salicylic acid in a humid environment and appliéd successfully

the Avrami equation.

Prout and Tompkins (107) attempted to explain the kinetics

of decomposition of potassium permanganate in a form which when

suitably modified could be applied to other similar reactions.

An equation (Table 1, equation 7) which has the form of a modified

1icable and a theory was

auto-catalytic expression was found app

postulated, to lead to the correct relation. The theory postulated

was based on the formation and growth of nuclei. ErofeeVv and

Smirnova (108) confirmed the findings of prout and Tompkins {107)
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and further showed that the reaction is applicable up to 82%
decomposition énd that reaction centres were whole crystal ﬁlanes,
Furthermore, the authors repdrted that.no reaction nuclei could
be observed under & microscope. Belkevich (109) reviewed the
topokinetic equations and the appiication of such equations to
thermal decomposition of solids, snd found that several equations
whiéh were not based on nucleation theory as.inapplicable for
decomposition of lead, nickel and silver oxalates. The Prout-
Tompkins and the Koglomorov-Erofeev (30) equations were found to

model the data up to 10-15% only. An equation which was claimed

to be a better model for the above reactions was presented:

1 n
(T-agu ~ 1 =K --- £q. 18

where u = s -1 (s>1) it is a constant referring to the crystal
structure and the number of intersections of nuclei
ot = proportion reacted at any time t

k = rate constant

n = the number of stages in the formation of initial centres

In highly dispersed systems, where random nucleation forms
only a single nucleus on an individual particle, the kinetics is
then described by a unimolecular decay law for the final stages
of decomposition as derived by Mampel (110) (Table 1, equation 10J.
The decomposition of cadmium carbonate (111) and the reaction
between bromine and ozone (112) were shown to follow first order
The reduction of lead oxide by hydrogen was shown to

kinetics.

follow equation 8 (Table 1) (113) which has been shown recently

to approximate the unimolecular decay law (114).

Many of the kinetic equations describing reactions in the

solid state which appear in the literature have been empirically
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developed, while only a few have been developed:on the basis of

sound mathematicel foundations. Eyraud (115) observed the large
number of equations that haQe been pfesented; together with the
diyersity of -kinetics for similar compouﬁds and attributed to

' possible inaccuracy of data, and so suggested the need to have
rigidly controlléd experimental Conditioné so as to attain
reproducibility. -In a study éf the decomposition of caléium
carbonate in vacuum and in the presence of carbon dioxide it was
found that erratic results were obtained such that it was impossible
to develop a mathematical correlation (118), while good results
were obtalned for the decomposition of calcium carbonate hexahydrate
(117).

The problems regarding the correlation of experimental data
and the developed equations were also noted by Huttig (118) who
suggested classifying solid state reactions into five groups.

These were reactions dependent on polymorphism, fusibility,
volatility, surface effects and degree of homogeity of mixtures.
Posin and Ginstling (1139) also classified the reactions in the

s olid state into three groups based on evaporation orﬁsublimation,
diffusion andvtrue chemical reactions. Unfortunately, the eguations
which were developed to correlate with the above classification

did not match the data, so modified equations which were again
developed (120) found some applicability in specific reactions (83).

Another classification of solid state reactions (121),
together with various communications on the kinetics of solid
state reactions (122, 123) stresses further the complexity and

problems inherent in the interpretation of the kinetics of solid

state reactions.
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1.3.2.2 Reaction Kinetics:

Organic and Pharmaceutical Solid. Compounds
The stability of pure chemicals is'wéll covered in the
chemical journals but fhe study of pharmaceuticallsblids has. not-
yet been covered extensively (114). Leeson and Mattocks (124) were
probably the first to recognise and report that the»deéomposition
of aspirin in the solid state did not follow the known solution
kinetics. An alternative equation (Table 14) based on sorbed w
moisture layer theory was presented. Lachman (125) demonstrated
the applicability of solution kinetics to the degradation of tablet
dosage forms. Nelson et al. (126) stuaied the decomposition of
aspirin solids in admixture with alkaline additives and used the
Jander model to evaluate the kinetics of decomposition at low
temperatures and the geometrical kinetic model (the contracting |
cylinder model) at temperatures higher than 4508. Other studies
in which pharmaceutical decompositions have been monitored
kinetically include the work of Kornblum and Sciarrone (127) and
that of Carstensen and Kothari (128). These authors used Bawn
;inetics to study solid state decomposition which occurred with
melting, for alkoxyfuroic acids.
In the kinetic studies of solid dosage forms, h;ny authors
have tried to answer fundamental guestions about the actual physical
phenomena involved in the overall undesirable changes observed as
a result of chemical changes. In the study of degradation mechanisms
for water soluble drugs in the solid state (128) it was proposed
that dissolution of the drug in the sorbed moisture was followed
by adsorption of the dissolved drug on the main excipient.
Degradation is then confined to the first monolayer of the sorbed
solution.

Many kinetic studies on pharmaceutical dosage forms that have
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been reported in the literature are based on equations.that describe
degradation in solutions or on the equations that have been
d?VE;DDEd and appiied to inorganic crystals or ﬁixtures of reaétive
inorganic substances.-

. Zero-order kinetic; have been reported to be followed in the.
reaction between bromihe and ozone (112) in which the reaction.
could reveff to first order depending‘on the amount of oxide. The
decarboxylation of p-aminosalicylic acid was found to follow a
sigmoid type curve in dry atmosphere but in moist atmosphere, zero
order kinetics appeared to be indicati?e of the degradation pattern
(127). In the experiments in moist atmosphere (with agueous tension
of 181.0 mm Hg) the induction period was greatly diminished. The
zero-order kinetics observed were attributed to the solubility of
the p-aminosalicylic acid in the sorbed moisture layer which
appeared to be a function of the agueous tension aover the sample.

The degradation of folic acid powder (130) in the pure drug and as

a mixture in microcrystalline cellulose was followed for 18 months
at 3 temperatures (55-85°C) and 3 relative humidities (30-70%).

A zero-order relation was observed up to 35% degradation. The ]
thermal degradation of fumagillin in the absence of éir (138) and |
the degradation of vitamin A esters (132) were described by zero
order kinetics.

The degradation of nitrazepam, formulated in microcrystalline
cellulose, under the stress of temperature and humidity was found
to adhere to no published kinetic model.

However, the degradation of vitamin A in vitamin (AB;C)

multivitamin tablets (42, 43), and the degradation of vitamin A in

solid-dosage forms were found to adhere to pseudo first-order
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kinetics. The decarboxylation of bramino-salicylic acid (135),

the DthOd&grada?ion of Fumagillin)in the presence-or absence of
air (131), the degradétion of aspirin in microcrystalline cellulose
(138] and the kinetics of fading of certified dyes in tablet
formulae (137) have been described by first order kinetics.
Secohd-order kinetics were shéwn to be applicable in the
thermal decomposition o% fumagillin in the presencé of air (138).
The Jander's Equation was demonstrated in the study of the
effect of water on the degradation of probanthelin bromide mixed
with dried aluminium hydroxide gel. The degree of dispersion was
found to influence the rate of degradation (I339). Nelson et al.
(126) used the Jander equation to describe the kinetics of
degradation of aspirin in the presence of alkaline additives in
the solid state.
Rastogi and others (140, 141) used an equation based on the
change in thickness of reaction interface with time, to monitor
the reaction between picric acid and a-naphthol. By following the

movement of the coloured interface, the authors expressed the

advance of interface by the following expression:

y2 = 2kte PY --- Eqg. 18

where y = thickness of product layer

p and k are constants.

Linear relationships were observed for plots of log y/t against y.

In the study of decomposition of mono- and di-nitrobenzenediazo-
oxides in vacuum, Vaughan and Phillips (142) showed that their
results were in agreement to the theory of solid phase decomposition

put forward by Prout and Tompkins (107). Hirota et al. (143)
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studied the air oxidation of ascorbic acid and used Lacey's theory
(14%) which was deVBleed for non—éatalytic gas-solid reactions to
estimate the éhelf life. Hasegawa et al. (145] studied the
degradation of aspirin derivatives and found that:the AQrami
equation (101), the Prout-Tompkins equation (107; 146) and an
equation developed by Kawakita (147) could not be used tofdescfibe
the experimental data obtained. The authors found that only the
power expression (Table 1, equation 4) could fit the decomposition
fraction in the acceleratory period. As the decomposition
mechanisms were very complex, the auth;rs attempted to express

the decomposition curves by an empirical formula (Table 14) in
order to investigate the influence of decomposition conditions on
the decomposition rate. The decomposition of 5-nitroacetyl-
salicylic acid crystals in humid conditions was found to adhere to
Avrami eguation (106).

The development of eqguations describing kinetics of
decomposition of pharmaceutical solids and solid-dosage forms
seem to suffer from the same lack of a unified approach similar
to the reports appearing in the chemical journals: on ﬁhe stability
of pure chemicals.

Carstensen and Musa (150) described the decomposition of
benzoic acid derivatives on the basis of their melting points and
that decomposition was first-order beyond the liquefaction point.
In the decomposition of 5-(tetradecyloxy)-2-furoic acid, a novel
hypolipidemic agent (128, 151), the overall reaction was considered
to be controlled by the sum of the rate constants for the
degradation of the intact solid and in the liquid decomposition
This type of data analysis has been termed Bawn kinetics

product.

(128).
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The pyrolysis of acetaldoxime (148, 149) has been shown to

yleld fifteen degradation Products and a free radical mechanism

A

was proposed. Kinetically the reaction was said to be firstiorder.
The effects of additives was studied and it was found that propylene
acts as en inhibitor while nitric oxide causes considerable
acceleration. The overall reaction was described to proceed
through an initial slow first order reaction, followed by a faster
one of about 1.2 order. | |
Many reports on the decomposition of pharmaceutical products
have not included kinetic equations. Examples include the study
on the stability of aspirin tablets at ZOOC,'4O% RH (152), the
report on the state of aspirin after 34 vears of storage under
ambient conditions of temperature (153) the browning of spray dried
lactose (154), the decomposition of ascorbic acid in dosage forms

(155), thiamine mononitrate (156) and that of “thiamine, riboflavin

and niacinamide (157).

1.4 Drug-DOrug and Drug-Excipient Reactions

Orug-drug and drug-excipient reactions have been gréuped (7)
as drug iﬁcompatibilities which fall into three major divisions,
namely physical, chemical and therapeutic incompatibilities.
Physical incompatibilities include precipitation, colour change,
melting and polymorphic changes. Chemical incompatibilities
involve reactions in which bond cleavage occurs with the resultant
formation of new substances. Therapeutic incompatibilities cover
the aspects of reactions experienced by a patient when taking two
drugs simultaneously, and are referred to in the literature as

- - i i . Howe this
‘adverse drug reactions or drug interactions owever, i

i i i orfect si ) dverse reactions are
classification is not perfect since some a s
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known, the cause bging a physical or chemical changé of the drug.
Such changes have beenvobserved for p-aminosalicylic acid (SJ;",;
The drug is normally used with étreptomycin or isoniazia in the
treatment of tuberculosis. Acute haemolytic anaemié with methemo-
glcbinemia was observed in children treated with the drug after
it had undergone decomposition (6),

In this thesis the.emphasis is on qhemigal incompatibilities.
The reactions between aspirin and codeine (158, 159}, that.of
aspirin in admixture with guinine sulphate, codeine phosphate,
luminal R and phenacetin (160), aspiriﬁ with aminophyline (161),
aspirin with amphetamine (162}, aspirin with acetaminophen (163),
aspirin with homatropine (164) and aspirin with phenylephrine (165)
serve as examples which stress the importance of studying chemical
incompatibilities in pharmaceutical dosage forms. Although the
reactions of aspirin are said to be due to acetylation of alcoholic,
amino or phenolic groups (164) the observed degradation of aspirin
in the presence of calcium succinate and calcium carbonate (166)
suggest the role of other mechanisms. In this study (166) aspirin
with calcium carbonate in the absence of moisture was observed to
be stable but not with calcium succinate. The use o% éither calcium
| or sodium succinate when combined with aspirin could overcome the
depressant effect on tissue metabolism and respiration shown by
aspirin and salicylates when ‘administered in large or protracted
doses, such as in the treatment of rheumatoid arthritis.

When developiné a dosage form, various types of excipients
ify the properties of the dosage form or to

may be required to mod

facilitate processing. Such excipients, however, may be responsible

for drug-excipient interactions or may interfere with assay

procedures for drug substances (167).

32




Drug excipient reactions are known to occur (168, 169).
These interactions inélude the‘bénzoic acid-starch complexation
(170), the enhanced d9éradation.o¥ aspirin in the presence oF-
magnésium stearate (171-174), or calcium stearate (172, 175) and
with magnesium oxide (176). 1In a comparative study (172) it was
shdwn,thatrﬁhe additives exerted greét differences in their effect
on the enhancement of aspirin degradation. In ordef of decreasing
severity the additives were listed in the following order: calcium
stearate > magnesium stearate > stearic acid > talc. Addition of
mineral oll in talc makes it less suitable as a lubricant for
aspirin. The washing of USP talc with acid was shown to enhance
aspirin stability (177). The presence of basic impurities in
magnesium stearate (174) was claimed to induce the observed high
rate of aspirin degradetion in suspension systems containing added
magnesium stearate. Precirol R which is glyceryl palmitostearate,
was shown to enhance the stability of aspirin, when it was
incorporated in an aspirin tablet made from starch and magnesium
stearate (173). The presence of water in aspirin-ascorbic acid
matrices has been claimed to be responsible for the opserved
degradation of the components (178). The method of granulation
of APC tablets (179) and the incorporation of fatty acid lubricants
(180) in aspirin solid-dosage forms, have been shown to influence
. the stability of the formulations. The type of container (181)
was shown to influence the rate of pyrolytic degradation of aspirin
anhydride. This was claimed to be accelerated by surface
irregularities and by contact with alkalis, even those contained
by "soft" glass. The presence of solvates, moisture, excipilents

and products diminished the induction period and increased the

slope of the acceleratory phase of the sigmoid type decomposition
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curve. Micronisation and subsequent drying were found to favour
stabilization since entrapped Solvént and aﬁy’o? the contaminants
‘were said to be sufficiently vOlatiie to be femoved By such
proceduresﬁy The»ﬁajor route of decomposition with temperature was
thé formation of a liquid melt at the surfaces which serves as

solvent for the decomposition.

A cautionary warning on the possible reaction of drugs with
new steel utensils (182) has been reported. The reaction between
vitamin C powder and metallic ions of copper, cobalt, manganese,

zinc and iron has been reported (183). The influence of solid

vehicle matrices and additives like mannitol and lactose on the

stability of vitamin A, B, and C tablets has been investigated (184).

1

The abundance of reports on incompatibility studies have
prompted suggestions for technigues such as the factorial design

of experiments for detecting such interactions (167, 185).

1.4.1 Possible Mechanisms of Reactions in the Solid State

Carstensen and others (129) noted that there have been few
reports on the actual physical phenomena, apart from purely

chemical reactions which are involved in the degradation of solid

dosage forms. In their discussion on possible mechanisms involved
in the degradation of water soluble drugs, the authors stressed
that for dry non-interacting solids or for sorbed moisture layers
saturated with drug (similer to a concentrated "suspension”) the
degradation should be of zero order type. Observations however,

reveal the adherence of first order reaction kinetics in such

systems, implying that the degradations are much more complex than

those which can be expected from reactions in saturated solutions.
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Jander (77) proposed the mechanism of interface advance in
feactions involving two kinds of crystals. The reaction mechanism -
~which is based on diffusion controlled proceéses, has beeh used to
explain and develop many kinetic equations applicable to mixtures
of solids (84-88, 118, 126). These equations appear to be useful
in explaining drug;drug or drug-excipient interactions in the solid
state.

The nucleation theories as developed by Prout and Tompkins
(107, 146) and Avrami (101-103) have been used to rationalise
observed decomposition patterns in pure‘substances (95, 142) and
in mixtures (105].

The unimolecular decay law, as developed by Mampel (110) was
based on nucleation theories. Typical nucleation reactions are
characterised by sigmoid type curves, the slow induction period,
the acceleratory phase and the decay or deceleratory phase. The
unimolecular decay law and the geometric models are characterised
by deceleratory type curves. In explaining the unimolecular law
in terms of nucleation, Galwey (36) attributed the absence of the
slow induction period, in terms of very rapid nucleation. Such
rapid nucleation reduces the lag-time and conceals tﬁé initial
acceleratory phase of a normal sigmoid curve. The reaction
proceeds, giving a resultant deceleratory curve. The unimolecular
law and the geometrical models are characterised by closely similar
deceleratory type CUrVES and mathematically the kinetic eguations
have been shown (114) to be approximately similar.

A thorough knowledge of solid state reaction mechanisms and
crystal structure offects (186), coupled with basic principles in
in feaction kinetics (5) are essential in rational approach to

drug stabilization.
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1.5 Stabilization Techniques for Drugs in the Solid State

Product stabilization is essential because of the need to .
minimise degradation of active ingredients and thevﬁaintéiniﬁg of
the product Quality'throughout the time of use. Rational approaches
for the stabilization of drugs ﬁave been suggested (186). fhese
include the synthesis of more StableAderivatives relative to tHe
pafent compounds such as 4in the use of ergocalciferol deriQétives
instead of ergocalciferol; the use of high melting point esters
of vitamin A which are more stable than those with lower melting
point (132, 186, 187) and the use of aéhydrous powders which are
more stable than hydrated crystalline forms; such as dihydroxy-
phenylalanine and arsenous acid anhydride (186). These approaches |
are based on the concept of crystal engineering which is a study
of factors affecting crystal packing (186). The development of
the principles governing crystal packing should provide a means
of preventing crystal reactivity which could be useful in the
stabilization of pharmaceuticals (75). Unsaturated fatty acids
in the form of urea inclusion compounds in the channels of urea
crystals, have demonstrated stability from oxidation (75]). This
observation has been attributed to crystal packing.

In the study of the stability of cefoxitin sodium, the

amorphous form was found to be less stable than the crystalline
form (188). 1In the study of the stability and other physical
properties of amorphous and crystalline forms of indomethacin,
(193) showed that the amount of water absorbed by

Imaizumi et al.

the amorphous form increased with increasing relative humidity,

and at BODC, 89% relative humidity it changed to the crystalline

forms. The transition of amorphous form to crystalline forms

followed first order kinetics.
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The presence of water in the form of moisture is said:to
account for many pharmabeuticai drug decompositions, through
hydrolytic action (189). The suggestion to dry drugs in a moistufe
19VB} of below 0.1% (190) is attractive and pfacticéble for a
large number of drugs, but maintainiﬁg that level of moisture
content on Storgge is practically impossible for many-products.
However, mixing of drugs with substances which preferably adsorb
moisture may find wide applicability. An example is given by the
enhanced stability of aspirin when mixed with colloidal silica
(191). Colloidal silica exhibited an adsorption isotherm
characteristic of multilayer adsorption with limited pore volume.
The silica with the greatest moisture adsorption was evaluated
for its stabilising effects on aspirin in tablet form. It was
observed that silica enhanced aspirin stability: a concentration
of 3% offered maximum stabilization. The silica enhanced stability
by acting as an internal moisture scavenger. Tablets with a higher
concentration of silica (up to 15%) showed poorer stability and
épproached the control tablets in aspirin content after 120 days,
at 40°C and B1.7% relative humidity.

The use of solid dosage forms, in fact offers solutions to.
many stability problems, soO it could be said to be a form of drug
stabilization in the context of moisture absence. Relative
unreactivity of solids can be demonstrated by hydroguinone which
in solution reacts with oxygen but will not react in the form of

a crystalline solid (75).

Despite the problems of bioavailability (167) inherent in

sglid dosage forms, further treatment to enhance stability such as

film coating or microencapsulation (192) are bound to affect

bioavailability. Coating or microencapsulation of one or more
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Iinter—reactive ingredients in a mixture or multicombonent formulation
has been‘used as a technigue for StébiliSing'sdlid mixtures of
reactive ingredients (190, 192, i94){ The rafionaie for film
COéti”g is to prevent or delay moisture or oxygen entry into the

- tablet core and hence the active ingrediéhts. Drugs that are
unstable to air or otﬁer_environmenfal conditions,-and volatile
drugs -can be given improved levels of sfébility by film coating

or microencapsulation (192, 184). This improved level of stability
was demonstrated using mixtures of aspirin and microencapsﬁlated
aspirin with chlorpheniramine maleate. The microencapsulated
aspirin clearly showed improved stability even with chlorpheniramine
maleate, relative to the uncoated samples (182).

In a series of studies on protective coating, Utsumi and
others (195, 186) and Ida (187) have tested several polymeric
materials including cellulose derivatives and identified agents
suitable for film coating, intended for protection of drugs from
adverse environmental factors. In their studies, the authors
identified the derivatives of polyvinyl pyridine as useful in
protecting aspirin, aspirin-aminophylline-phenacetin and vitamin
Bl—C tablets against humidity. It was further demonétrated that
(197) a coating thickness of 60-1D0 u was sufficient for protection,
without adversely affecting the release of the drug. In their
studies of the factors which affect water vapour transmission
through polymer films applied to solid surfaces, Amann and others
(188) found that the type of film affected the activation energy
ocess, while the method of film application

of the absorption pr

affected the rates of permeation at a given temperature and that

the physical properties of the coated substance affected the water

vapour absorption rate. It was therefore suggested that, with a
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given type ?f_film the absorption rate may be decreased by ensuring
that the film is in inﬁimate contact with the doéage Forﬁ; 'in
tablets, maximum feasible compression compatibie with disinfegratioh
considerations was FBCDmmended té reduce the porosity with resultant
reduction in water vapour absorption. From the above ;ecommendations,
it cen be deduced that proper éhoiée of film forming polymeric
material, and proper choice of film coating method aié essential
factors in film coating processes intended to impart stability on
formulated products. It has been shown that, tablets coated with
10% polyvinyl-pyrolidone and 4% shellac attained improved stability,
and that the observed improvement on the product quality was
attributed to the protective ability of the film coat against
moisture (199).

Additives usually present in dosage-forms as formulation
factors (200) have been shown in some cases to improve the stability
of a formulation. A binder-lubricant Precirol R (glyceryl palmito
stearate) was found, when incorporated in aspirin tablets formulated
with starch and magnesium stearate, to improve the stability of
the tablets as observed over a period of 3 months atv§OOC (173).
Mixing of aspirin with buffer salts of various pH as an attempt
to control the pH of the microenvironment was attempted (201). It
was found that the decomposition followed first-order kinetics
after a brief induction period and that the decomposition was
dependent on the pH of the salt as the case in solution. The
inhibition of stearate induced aspirin degradation by some organic
acids such as maqlic, hexamic or maleic has been studied (202).

It was found that when the acids were included in the formulations

at a level of 20 percent by weight of the complete mixture, a level
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of inhibition was attained such that the formulations could bé
said to be stable With.respeet to salicylic acid content.
Skwduso&[hermal QBcohposition'of silver oxalate at 133°C in the
presence of diaryl polyenes were conducted; to study the effect
of organic additives on the rate of thermal decomposition of
SOiidS1 The organic additiveé wére better than the inorganic
additives in inhibiting the reaction. The inhibition action of
the diaryl polyenes increase with the increase in chain length and
by the introduction of electron doner substituents on the para

or ortho positions in the aromatic rings (203). The stabilization
of a water soluble preparation of vitamin A by the use of mollases
from beet sugars as antioxidants and filler in capsules, as well
as the use of malt extracts has been reported (204). Fat soluble
vitamin A and D are claimed to be stabilised by mixing with fatty
acids and long chain amines (205).

Photochemical reactions have been shown to cause fading of
certified dyes when used as additives in tablet film coats. By
incorporating u.v. absorbers, into the film coats., the colour
stability was restored (208). B

Due to instability of aspirin in solution, modern trends to
formulate aspirin have been almost exclusively in the solid dosage
form. Aspirin is available in a wide range of specialised

rise
formulations usually made on the basis that they give #se to
diminished side effects, that they promote more rapid action or
givé prolonged action. In the formulation of such specialised
preparations, additives such as citric acid, calcium carbonate,
m hydroxide or glycine have been used

sodium bicarboante, magnesiu

to impart special desired properties on the dosage form. The use
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of aspirin derivatives such as aluminium aspirin is based on

better stability and less gasfric irrifafion (107).

1.6 The Purpose and Scope of the Study

.For the convenience of. drug édministration, multi-ingredient
preparations in‘thevsolid dosage forms have ?ound wide usage and
acceptability to. the patient in sifuations when two or more
medicaments are required for an ailment. The basis for the
manufacture of dosage forms with a number of ingredients, is
probably the convenience given by drug-combinations. In current
use drug combinations consisting of a number of analgesics or
chemotherapeutic agents (208, 209) are common.

Drug-drug and drug-excipient reactions as exemplified by
aspirin with phenylephrine and aspirin with magnesium stearate
respectively have been extensively reported.

It is the purpose of this study to try to understand chemical
incompatibilities in the solid state using aspirin-magnesium
stearate and aspirin-mepyramine maleate mixtures as models. The
study involves coating the discrete particles of aspirin with film
forming polymeric materials and subjecting such coatéd particles
to stability testing programmes. The programme includes a
comparative study of coated and uncoated particles with and without
additives at elevated conditions of temperature and humidity.

The effectiveness of film coats as barriers to drug-drug or drug-

excipient reactions 1s studied. The observations in these tests

could contribute to the knowledge of stabilization by film coating,

which could eventually be applied to multi-ingredient formulations

where inter-reactive specles are likely to be co-formulated.
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The study is essentially a pre-formulation one, where powders.

(simulating granules)

This was done to avoid the inherent Qariables associated with
tabletting or encapsulation such as variation in weight and erg
content and the influence of binders, lubricants, fillers and
compressional forces. The small number of additives in the
fofmulations studied, make it easier to identify and interpret
an observed effect. The slow decomposition in solids necessitates
the use of high temperatures (ranging 50-60°C) and rapidly reacting
mixtures, so that a higher proportion of reactant decomposes to
enable the development of reaction kinetics.

The problems observed in the method of stabilization, in the
stability testing and in the assay procedures, as well as the
probable mechanisms responsible for the observed reactions, have

been discussed in detail.
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CHAPTER 2

2. EXPERIMENTAL TECHNIQUES USED

2.1 Stebility Testing Methods

2.1.1 Mater%@ls

Aspirin was obtained from Sigma Chemicals. Salicylsalicylic
acid and Aerosil (200v) R (pharmaceutical grade) were gifts from
Riker 3M, Loughborough. The following substances were obtained
from British Drug Houée, Poole, England. Analar gfades of
salicylic acid, potassium chloride, magnesium chlorides and citric
acid; laboratory grades of magnesium oxide, magnesium trisilicate
and n-propyl-p-hydroxy-benzoate, technical grades of magnesium,
calcium, zinc and aluminium stearates as well as purified sodium
stearate.

Methanol (analar), ethanol (analar) and disodium hydrogen
orthophosphate dodecahydrate were obtained from Fisons, Loughborough,
England. Sodium chloride B.P. was obtained from Macarthys Ltd.,
Essex, U.K. and mepyramine maieate from May and Baker, Dangenham,
Essex, U.K. Precirol-ato-5(glyceryl palmito-stearate) was obtained

from Gattefosse Establishments, France.

2.1.2 Equipment

A thermostatic water bath, Tecam SB4 (Techne, Cambridge, UK),
a humidity cabinet (Townson and Mercer Ltd., Croydon, UK), glass

vials (Fisons Ltd., Loughborough, UK) and absorbent cotton wool

(Boots Company Ltd., Nottingham, UK) were used.
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2.1.3 MNMethods

2.1.3.1 Suspension Reaction Sfudies

The decomposition studies were carried out in water or in
buffer solutions; McIlvaines Buffer Solutions (310). These buffer
solutions were made by mixing appropriate quantities of disodium
hydrogen orthophosphate dodecahydrate with citric acid. The pH
value was obtained by varying the quantities of the ahove ingredients.
The solutions at each pH value were adjusted to the desired ionic
strength by addition of an appropriate amount of potassium chloride.
At time zero; the drug with or without additive was added to 100 ml
of the vehicle, pre-heated to 50°C in a shaking thermostatic water
bath. 2.0 ml aliquots were withdrawn -at pre-determined intervals
and filtered through a 3 u millipore membrane filter. The resultant
filtrate was diluted with water and assayed by HPLC (high performance

liquid chromatography).

2.1.3.2 Solid State Resaction Studies

Coated and uncoated discrete particles of aspirin or salsalate,
were mixed with known proportions of magnesium, calcium, zinc,
sodium, or aluminium stearates, citric acid, magnesium chloride,
magnesium oxide, magnesium trisilicate, precirol, or mepyramine

maleate. Samples of 100.0 mg-guantities of each of the mixtures

or of pure unmixed control materials were weighed into individual

glass vials and loosely convered with ® cotton wool to prevent

entry of condensed water droplets. The samples were then stored

in a humidity cabinet maintained at 60 C. A 75% relative humidity

(RH) environment was maintained at this temperature using a saturated

solution of sodium chloride. Samples were taken at pre-determined

intervals and assayed for aspirin or salsalate and its decomposition
c L Ve

products by HPLC.
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2.2 HPLC Analysis
L=z f\Na.ysis
The high performance liquid chromatograph was constructed

from an Altex 100A constant flow solvent-metering pump, a Rheodyne

7120 valve fitted with a 20 ul, loop, a Pye Unicam LC3 variable

wavelength monitor, equipped with an 8 uL flow cell and operated
at 285 nm with a sensitivity of 0.32 aufs, and a Pye-Unicam -AR45
chart recorder. Reverse phase chromatography was performed using
a 5> p 005 Zpherisorb (25 cm x 4.6 mm ID) column. The mobile
phase consisted of 0.02% orthophosphoric acid and 60% methanol in ' i

water and was delivered at 1.4 ml—min—l.

The solid samples were dissolved in methanol and quantitatively
transferred to a 25 ml volumetric flask and made up to volume with
methanol. The resultant solution was filtered, diluted and after
addition of 1.0 ml (0.5 mg/ml) of internal standard (n-propyl-p-

hydroxybenzoate) analysed by HPLC.

2.3 Dissolution Testing

2.3.1 Materials

Sieved pan-coated discrete particles of aspirin with a size

range 710-1000 p and microcapsules of salsalate of size range
150-300 u were used. Double distilled water was used to make 0.1 M

hydrochloric aéid from concentrated volumetric solutions which were

obtained from British Drug House, Poole, England.

2.3.2 Equipment
A USP rotating basket assembly was used. A Citenco FHP

varieble speed motor (Citenco Ltd.. Herts., UKJ) was used to rotate

the basket, the speed of which was monitored by a low speed optical
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tachometer (Ducklin Instruments, Portsmouth, UK). An SP8000 uv

spectrophotometer (Pye Unicam) was used for monitoring the aspirin

A

or salsalate released in solution.

2.3.3 Methods

Exactly 100.0 mg of particles to be tested were introduced
into the basket and at time zero, immersed into 1000.0 mls of
dissolution medium previously maintained at 37° * 0.5%. The motor
was calibrated to rotate at 100 * 5 rpm. 5.0 mls were removed, ' Erf
through a teflon filter placed at the tip of the sampling tube, at it
pre-determined intervals, with replacement to maintain a coﬁstant
volume of dissolution medium. The samples were assayed spectrophoto-
metrically for aspirin at 275 nm or for salsalate at 300 nm.

During these tests no significant degradation of aspirin or

salsalate was observed.

2.3.3.1 The Preparation of Buffer Used in Dissolution Studies

The buffer used as a medium for dissolution at pH 7 was made
by mixing 18.5 mls of 0.1 M citric acid and 81.5 ml of 0.2 M

disodium hydrogen orthophosphate dodecahydrate.

2.4 Pan Coating of Discrete Solid Particles

2.4.1 Materials

Cellulose acetate phthalate (CAP) was obtained from Kodak Ltd.,

England, hydroxypropyl methylcellulose (HPMC) wastrom Shin-Etsu

R
Chemicals Co., Tokyo, Jepan, Eudragit L (EL) was from RohmPharma

GmBh Damstadt and gelatin (GEL) BP of 150 bloom was from Macarthys

Ltd [gﬁpmford Essex, UK). Analar grade solvents used were methanol,
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isopropyl alcohol and ethyl acetate and all

were obtaeined fraom

Fisons, Loughborough, UK.

2.4.2 Eguipment

The glass coating pan used was made in the laboratory and

had a maximum external diameter of approximately 170 mm and was

rotated by a Citenco FHP variable speed motor (Citenco Ltd., Herts.,

UK). To spray the coating solutions a Boots Nose and Throat
Atomiser (Boots Co., Nottingham, UK) was used. A hair drier

(Murphy Richerds, UK]) was used for drying the powder bed.

2.4.3 Methods

Solutions of polymeric film-forming substances were made
according to Table 2. 100.0 g cf aspirin crystals with a mean
particle size 280.u were placed in the laboratory model glass
coating-pan which was inclined at about 45O and rotated at
approximately 50 rpm by a Citenco veriable speed motor. A fine
mist of the coating solution was sprayed onto the rotating powder
bed in short bursts. A constant low speed stream of warm air was
used for ﬂrying the coated particles. The spraying and drying
continued until all the pre-calculated amount of solids was
deposited on the powder bed. It was observed that during the
es formed large agglomerates. These

coating process the particl

were broken down by slightly tapping with a spatula. After the

final spray of coating solution, the powder bed was well dried,

removed from the coating pan aend further dried in a hot air oven

at 70°C for one hour. The dried coated particles were stored in

well closed glass jars.



Table 2

PREFARATION OF SOLUTIONS FOR POLYMERIC MATERIALS FOR COATING 100 g

OF ASPIRIN
Weight of Approximate solvent
Coating dry substance volume to make Sol +
Substance  applied (g) a solution possible olvent system
to spray
EL 3.0 50 ml Ethanol/Water (9:1)
GEL 3.0 50 ml Water
CAP 3.0 100 ml Isopropyl alcohol/
Ethyl acetate (1:1)
HPMC 3.0 50 ml Water
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2.5 ﬂlCFOEDuﬂDSUlathD Techniques

The encapsulati - i
p tion procedure used was coacervation or-phase

separation utilizing complex coacervation of gelatin by acacia.

2.5.1 Materials

Acacia powder was obtained from Macarthys Ltd. (Bromford,
Essex, UK), gelatin from Alfred Adams and Co., West Bromwich, England
while Analar grades of isopropyl alcohol, glycerol and liquid

paraffin were obtained from Fisons (Loughborough, UK). Formalin

i
solution (37-41% w/v formaldehyde) was obtained from British Drug ‘ %

House (Poole, England).
2.5.2 Equipment

!

%

A thermostatic water bath (Tecam SB4-Techne, Cambridge, UK) ?
and a Citenco variable speed motor (Citenco Ltd., Herts., UK) were %
!

i

used.

2.5.3 Methods

2.5.3.1 <Complex Coacervation or Phase Separation

Salicylsalicylic acid (Salsalate) was used as a model drug
for microencapsulation by the gelatin-acacia complex coacervation

method because of its stability and low agueous solubility (0.1 G/L

0.
at 37°C and 0.5 G/L at 50 C).
250 ml of 2% solutions of acacia and gelatin were prepared

and kept at 50°C in a water bath. 5.0 g of salsalate was triturated

with 2 ml of glycerol to make & well mixed slurry. The slurry was

quantitatively transferred into the 250 ml of & 2% acacia solution

at 50°C and rapidly stirred at 400 rpm. The pH .of the 2% gelatin
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solution was adjusted to 3.8-4.0 with 0.1 N hydrochloric acid or

0.1 N sodium hydroxide before it was added to the acacia-salsalate

dispersion maintained at SDOC and stirred at 400 rpm. After

addition, the pH was re-checked and re-adjusted to 3.8-4.0 when

necessary. The mixture was maintained at 50°C and stirred at

400 rpm for a further 20 minutes, after which it was transferred
guickly to an ice cold water bath. The stirring rate was maintained
until the temperature of the mixture had dropped té between 5-10°C.

ODuring this cooling period, soft microcapsules were clearly visible

under a microscope. When the temperature of the mixture had reached

between 5-lDOC, stirring was stopped to allow the particles to ;g
settle. The clear supernatant and any froth formed were discarded
without disturbing the bed of particles. 50 ml of isopropyl alcohol,
previously kept ip an ice cold bath was added and stirring resumed

for 2-3 minutes. Another portion of isopropyl alcohol was added

after decanting and removing the supernatant of the previous isopropyl

alcohol wash. The mixture was stirred as previously described. A

third portion of cold isopropyl alcchol containing 2 ml of formalin
40% (equivalent to 1.8% formalin in 50 ml isopropyl alcohol]) was

added as on the previous two occasions. The microcapsules were ‘&
given a second wash with a further volume of the cold isopropyl a

alcohol/formalin mixture. The particles were finally washed with

cold isopropyl alcohol only, transferred to clean filter paper and

left to dry overnight at room temperature. These microcapsules were

further dried at 70°C for one hour in a hot air oven, and kept in

well closed jars.
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2.5.3.2 Phase Polymerisation Method

Another technique of microencapsulation which was attempted

was based on the work of Tanaka et al. (264) who made microcapsules

of gelatin using mineral oil to cause phase separation. Although
the microcapsules so prepared were not used for stability studies
because of the failure to remove the oil completely, they served to
demonstrate interesting surface properties. The concentrations of

gelatin suggested by the authors were very viscous, so dilutions

were made in the work performed in these studies.

2.6 Particle Size Measurements

2.6.1 Materials

Pure aspirin particles and aspirin coated with gelatin (GEL]J,

Eudiagit L R (EL); cellulose acetate phthalate (CAP) and with

hydroxypropylmethyl cellulose (HPMC) were used for particle size
measurements. Salsalate and microencapsulated salsalate particles

were alsoc used.

2.6.2 Eqguipment

A sieve shaker and a set of test sieves of size range (63~

1000 p) were obtained from Endecotts Filters Ltd., London UK.

2.6.3 Methods
10.0 g of particles were placed on top of a set of sieves

arranged from top to bottom in order of decreasing apperture size.

The set of test sieves was firmly attached on to the sieve shaker

which was set to vibrate for 15 minutes. The weight of material

remaining on each sieve was determined and expressed as a proportion
[=] .
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the liquid in which it floats., The method was first described by

Wulff and Heigl (294) and outlined as one of the methods 1in density

determinations for solids by the International Union of Crystallo-

graphy (2385). The liquids used are of wide range, the special
merits governing the choice of m-xylene ahd bromobenzene were:
al Miscibible with each other in all proportions.
b) Neither aspirin nor the film coats should dissolve in
either of the liguids.

c) The liquids were of specific gravities which embraced

that of the solid to be tested.

2.8 Melting Point Determinations

Two methods were u;ed to determine the melting points of
pure aspirin and of aspirin-magnesium stearate mixtures of varying
proportions.

The first method was by the use of the standard capillary
tube method, utilizing an electrothermal melting point apparatus
obtained from Electrothermal, London.

The second technigue was by the use of a diFFerentiél scanning
calorimetér (Perkin-Elmer model DSC-IB) operated at a heating rate
of 8 degrees C per minute and a nitrogen atmosphere of 2 bar.

20-30 mg samples were used with aluminium as the reference material,

2.9 Electron Microscopy

In order to examine the surface characteristics of the

. £ . .
particles used in this study. samples were prepared for examination

and photographed by a scanning electron microscope S150 (Cambridge

Instruments, UK.
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'® process of sample preparation involves placing a smaill

sample of particles on a double sided adhesive which enables the

particles to be held in place while attached to an aluminium stub.

The sample on the stub was gold coated using a Speedivac Coating

Unit Model 12E6/1422 (Edwards High Vacuum Ltd., Essex, LK).

2.10 Light Microscopy

A light microscope fitted with a camera (Micro-Instruments,
Oxford Ltd.) was used to examine the particles, to monitor and

photograph surface changes during decomposition.

2.11 Atomic Absorption Spectrophotametry

An atomic absorption spectrophotometer (Unicam SPSOA) was
+
used to determine the concentration of Mg ¥ ions in a solution.
Magnesium nitrate solution was used to construct the standard
curve. The absorption wavelength used was 285.2 nm with the slit
width at 0.05 mm and a current of 4 amperes. The burner was set
2
to a height of 1.0 cm, the acetylene gas pressure at 0.7 kg/cm

(10 psi) and the compressed air flow at 4.5 L/min.

2.12 Washing Procedure for Magnesium Stearate to Reduce Alkaline

Impurities
Samples of magnesium stearate were washed by adding 5 g to
200 ml of 0.1 M hydrochloric acid to remove any alkaline impurities

and filtering the residue through No. 3 sintered glass filter.

The stearate was then washed by shaking with 50 ml of alcohol to

remove stearic acid precipitated out during the acid wash. The

veral changes of double distilled water

e

powder was rinsed with se

until the resultant DH WaSs in the 6.9‘7 range. After T"iltr‘ation,
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2> resid A ~4 . .
the residue was dried cvernight on filter paper at room temperature

- e \ ®] .
and finally at 50°C for half an hour before storage in a well

closed glass container.

2.13 Synthesis of Acetylsalicylsalicylic:Acid

The general acetylation procedure of Chattaway (332) was
adopted. Salicylsalicylic acid 2.6 g (0.01 M) was dissolved in
100 ml of 0.1 N sodium hydroxiae and the solution cooled with
crushed ice. 2.0 g (0.02 M) acetic anhydride was added rapidly
into the cool solution. Precipitation of the product was enhanced
by addition of 0.1 M hydrochloric acid. The product was washed
with cold water and finally recrystallised from methanol and dilute
acetic acid. The product melting point was 159~16108 (literature
159°C).  The authenticity and purity were checked by uv spectro-

photometer, NMR and HPLC.

2.14 Moisture Determination by the Karl Fischer Method

2.14.1 Materials
Metﬁanol (specially dried for non-agueous titration) and
standard solution of water in methanol were obtained from British

Drug House (Poole, England). Karl Fischer reagent was obtained

from Fisons (Loughborough, Leics., England).

2.14.2 Equipment
The equipment for non-aqueous titration was made by Band

and Tatlock Ltd. (Chadwell Heath, Essex).
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2.14.3 Methods

Both the methancl (specially dried) and the standard solution
of water in methanol were calibrated with the Karl Fischerj Reagent,
so that equivalent values of the methancl and the water solution
to the Karl Fischer Reagent were obtained. An equivalent weight of
water for 1.0 ml of the Karl Fischer Reagent was also obtained.
Semples which were removed from the humidity cabinet were dissolved
in 10 ml of methanol (specially dried). 5.0 ml of the sample were
titrated. The volume of Karl Fischer reagent used is corrected
for either back-titration by the standard water solution in methanol
and for water present in the methancl (specially dried). The
valume obtained is equivalent to the water present in the sample.

From the known eguivalent amount of water, the weight of water in

the sample can then be calculated.
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CHAPTER 3

3. The effect of film coating on drug release '

3.1 Factors that influence release

The process of dissolution can be considered as a specific
type of heterogeneous reaction in which a mass transfer is effected
through the net result of escape of solute molecules at a solid
surface (210). The dissolution kinetics are dependent on a large
number of physico-chemical influences. In the study of the
dissolution of benzoic acid and lead chloride, Noyes and Whitney

(211) derived the following equation.

dc

a—g = KS(CS - Ct) - Eq. 20
where Ct = concentration of solute at time t
%% = the rate.of change of concentration with respect to time

S = surface area
Cqg = the equilibrium solubility of the solute at the
experimental temperature

k = rate constant

Hixson and Crowell (212) carried out research to investigate
the dependence of reaction rate upon surface and agitation. A law,
the "cube root law”" was developed to express the velocity of

dissolution as a function of surface area and concentration. In

the case where the concentration gradient (Cg - CtJ is maintained

essentially constant by keeping the dissolution medium sufficiently

dilute the cube root eguation is expressed as follows.




0 ¢ : --="Eq. 21

where K rate constant (units length/time) .

Wy = initial weight of crystals

Wt = weight of crystals at any time t

Kaneniwa and Watari (213) studied the dissolution of poorly.soluble

drugs and guantified the dissolution rate using the cube root law.

Wagner (214) has given an excellent historical review on
studies on Qissolution. In the review, factors influencing the
rate of dissolution, and interpretation of dissolution rate data
from in vitro testing of tablets and capsules were documented.
When environmental factors which inflﬁence dissolution rate such
as agitation, concentration gradient, composition and temperature
of the dissolution medium are controlled; the physico-chemical
pfoperties of the drug and formulation variables, are the major
factors which influence the rate of dissolution.

Physico-chemical properties of drugs which are of importance
in dissoiution include solubility, crystallinity, dissociation
constant and particle size. These factors are often interdependent
making each given case quite complex, as observed in a number of
publications (215-219].

The formulation factors which influence the release rate
have been a subject of numerous reports (220-232). These factors

include the influences due to the amount and type of additive,

compressional forces in tablets, storage Conditiohs and age of .

the dosage form., These factors have made it necessary to develop

several testing methods (233-241) in attempts to minimise errors

and attain reproducibility. Variations have been observed 1in



collaborative dissolution studies (242). In such collaborative

dissclution studies, the one major source of error identified

was the level of vibration at the side of the dissolution flask.

The need to guantify agitation conditions in compendial dissolution

tests (243, 244) is therefore necessary.. Levy (283), for example,

suggested the use of appropriate agitation intensities for in vitro

dissolution rate tests to reflect in vivo conditions. The author
further presented evidence that solid dosage forms are exposed to
relatively low agitation intensities after oral administration, ' S

and suggestéd the use of similar mild agitation conditions for

predictive in vivo dissolution tests. A relationship between the

dissolution rate constant and the square root of the stirring rate

was observed and a general empirical equation (210) describing

the influence of agitation on the dissolution rate constant was

presented.
b ———

K = a(N) --- Eg. 22 ’
where N = the stirring rate

K = the dissolution rate constant

b = constants: Diffusion: b is nearly equal to 1 i

Interfacial reaction b approaches O ?
a = proportionality constant

Polymeric materials used in film coating or microencapsulation

have been shown to modify the release rates of drugs from the

formulations (167). These modifications frequently result in the

reduction of release rates (245-253). The slow release of drugs | ?

. : =) ild
+he use of polymeric materials, has been utilised

brought about by

in the preparation of repeat action, sustained action or prolonged

action drug formulations (214). To aid the design of slow release
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asplrin preparations, the effects of film coating on.the release

of the drug were studied. A number of methods (254-270) for

applying film coats to drug substances have been reported.

Film coating technigues such as the Wurster air suspension

method (254, 255) have been successfully employed in coating‘small

discrete particles which showed good sustained release profiles.

Other notable technigues include the dispersal of a drug in a

polymer or wax matrix (247, 251),

Microcapsules have been defined as vessels or containers of
microscopic size consisting of seamless, rigid, thin polymer walls
that protect enclosed fine particles of a drug substance in the core

(260). A number of technigues for microcapsule preparation have

been developed to suit desired purposes (184). 1In this study,

coacervation or phase separation was used. The basic principles

of coacervation were studied by Bungenberg de Jong (267) and a
number of reports are available where the coacervation method has
been used to encapsulate drugs (288, 288]J.

To evaluate the quality of the formulation, various dissolution
methods both in vitro and in vivo have been used (271-273). Coletta

and Rubin (255), Wood and Syarto (254) used the first order kinetic

equation to evaluate and compare the release of the coated ;;

sustained release particles. In the theoretical analysis of the

rate of release of solid drugs dispersed in solid matrices, Higuchi:

(250) found that the mechanisms for the release rate from spherical

pellets did not follow a first order relationship. However,

apparent first order rates have been reported for the terminal

portion of the release profiles obtained with sustained release

formulations (274). Higuchi (250) derived two expressions, one
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where 4 = amount of drug released per unit time f per unit
exposed area
0 = diffusivity of the drug in the homogenous matrix media
(Eg. 23a) or in the permeating fluid (Eg. Qéb]
Cs = solubility of the drug in the matrix (Eq. 23a) or in
the permeating fluid (Eq. 23b)
A = total amount ot drug present in the matrix per unit volume
E = porosity of the matrix
tortuosity facter of the capillary system =3

HBorodkin and Tucker (275) studied drug release from hydroxypropyl-

cellulose films and used both a first order and the Higuchi

equations 23a and 23b to describe the release. The Higuchi equations

were expressed in a form:

1
? matrix
where K% = ] for homogenous ,

1
J for granular matrix

il

and K,
H T

~ + 5 ireg
However, the authors found that although both a first order

equation and eguaticn 24 could be used to describe the release,

1

2 tionship w rly superior.
the O versus t° relationship was clearly sup



3.2 Dissolution Patterns

Dissolutid i e
i lution studies can be used as ‘a tool in drug design

end optimization. In this study, the release patterns of coéted

particles were studied. Film coats applied to discrete particles

or tablets act as barriers to adverse external factors (7). Since
the actual process of dissolution involves penetration of water
into the core, dissolving and eventually releasiné the drug, the
barrier action of the film coat in delaying or inhibiting water
penetration would be expected to be translated into a slower
dissolution rate. The effectiveness of the film coat as a barrier
teo external adverse conditions, could be useful in enhancing the
stability of hydrolabile or volatile drugs [(182). This was
investligated in the present study. However, in order to evaluate
the usefulness of this approach, the effect of the film coat on

the drug release had to be studied first.

3.2.1 Pan Ccated Particles

The pan coated particles of aspirin (Section 2.4) were
subjected to -dissolution testing using the USP rotating basket
assembly (Section 2.3.3). The release of the drug into the
dissolution medium was monitored spectrophotometrically at 275 nm

ird Duri 1 i i st Lgnifi egradation
for aspirin. During tne dissolution test no significant deg

of aspirin was observed. The dissolution rates were determined

in 0.1 M hydrochloric acid (pH 1.2), in water (pH 5.8) and in buffer

(pH 7) (Section 2.3.3.1) in order to assert that the effects
L ’ ’ [ - o - -

s .y
i i s only and not the medium. olnce
observed are due to the film coats only

the particles used were in the form of agglomerates, held together

by a film matrix, the equation presented by Borodkin and Tucker (275),
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equation 24 was used for comparing the effects of the different

film coatings on the release rate, Figure 1 shows the dissolution

data obtained plotted on a log-linear graph according to Fgrst

order eguation. The data appear to be well described by the first

order equation. The same data for the dissolution of aspirin in

1at 370 1
water at C is plotted according to equation 24, that is Q@ versus

1
t®, is shown in Figure 2. The slopes obtained from the plots in
Figure 2 are shown on Table 3. These slopes serve to compare the
relative effects of the film coats on the drug release. The release
rate, as measured by the slopes of equation 24 appear to be strongly
influenced by the type of film coat and the pH of the dissolution

medium.

3.2.1.1 Discussion

The results on Table 3 indicate that drug release is faster
with increasing pH. This has been shown guantitatively by Edwards
(218) and Can‘readily be explained by the higher degree of ionisation
of the drug in these media. _Aspirin has a pKa of 3.45 (207) with
the percentage ionisation at pH 1.5, calculated as 0.89%, while
at pH 5.5 this increases to 99.01% and at pH 7.5 ionisation is

complete. The influence of the type of film can be observed from

the values for release constants (Table 3). With the exception

of hydroxyprepyl methylcellulose (HPMC), the other films used

appear to decrease the release rate. In alkaline media, the film

coated aspirin particles appear to have a lower release rate for

aspirin than the uncoated samples. The film coats also reduce

the release rates in the lower pH values tested, the magnitude of

reduction depending on the type of film. For example gelatipn film

coats decrease release rates both in acid or alkaline media;
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Table 3

THE DISSOLUTION OF COATED AND UNCOATED ASPIRIN PARTICLES

RELATIVE SLOPES ACCDRDING ID EQ. 24
Units (mg-cm™2 min~2)

TYPES OF PARTICLES

pH pH pH

1.2 5.8 7.0
HPMC 25.14 24.52 39.42
PA 18.38 23.97 30.91
EL 11.76 11.88 14.59
CAP 10.33 10;47 17.83
GEL 7.39 10.72 1D.03

HPMC

Hydroxypropylmethylcellulose

PA

Pure Aspirin
EL = Eudragit L

CAP Cellulose Acetate Phthalate

1

GEL Gelatin

66




compared to the release rates observed for Eudragit L R and

cellulose acetate phthalate. However, the observed values (Table Sj

A

could be a manifestation of differences in the guality of the film

coats. The increase of release rate with pH, reveals the influence

of the film coat more clearly. The increase in release rate at

pH 1.2 compared to pH 7.0 is expressed as a percentage increase

for the films used as follows:

Cellulose acetate phthalate 72%
Pure uncoated aspirin 68%
Hydroxypropylmethylcellulose 56%
Gelatin 35%
Eudragit L h 24%

From this comparison, it is clear that cellulose acetate phthalate,
which is a known enteric film ceoat dissolves rapidly in alkaline
media while it inhibits release in acidic media. Only gelatin’
and Eudragit L R film coats show significant retardation of the
release rate of aspirin in alkaline media. The process of slowing
down release of drug may be significant in solid state reactions

as shown in the subsequent studies (Chapter 5).

The effect of hydroxypropyl methylcellulose in increasing
rather than decreasing the release rate can be explained by an
observation that dispegsion of a hydrophilic binder such as methyl-
cellulose on a surface of a hydrophobic drug, enhances the wetting

characteristics of the drug and consequently increases the release

rate (276].

3.2.2 The Microcapsules

The microcapsules used in this study were prepared by complex-
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coacervation, phase separation of gelatin by acacia

Salsalate

powder was prefered to aspirin_ for microcapsule preparation because
of its high insolubility relative to aspirin (Section 2 5A3 1)

The release of the drug into the dissolution medium was monitored

5pectrophotometrically at 300 nm for salsaléte. The dissolution

profiles of salsalate and encapsulated salsalate (microcapsules)
are shown on Figure 3 for equal amounts of active constituents in

water. The microcapsules show a higher release rate than the pure

non encapsulated salsalate particles.

3.2.2.1 Discussion

The effect of microencapsulation on the dissolution rate as
shown in Figure 3 may be explained by a number of factors. During
the dispersion process (Section 2.5.3.1) in the microencabsulation
procedure, slight dissclution at 50°C would occur with subsequent
re-crystallisation on reducing the temperature to IDOC. The
re-crystallisation process may produce finer particles than the
original salsalate particles. These small particles have been
claimed to speed up dissolution (213) when in contact with larger
particles due to large surface free energy. The presence of
hydrobhilic additives like glycerol (which was used in preparing
the slurry) (Section 2.5.3.1) and gelatin/acacia capsule material,
could enhance the wetting of the hydrophobic drug (276-279).

The observed profiles have shown to be important in the

interpretation of the stability of the microcapsules in the solid

state (Chapter 5).

The versatility of dissolution studies can further be

: ti oramme to study the intrinsic
demonstrated in a preformulaulon prog

dissolution properties of unformulated drugs (280). Such studies




well as stability, the effect of

. . ) ’ .
density and size distribution were studied.

3.3 Effect of film ccating on the properties of particulate materials

The application of polymeric film-forming substances on pure
particles modify release rates. Less apparent changes which may
affect drug release are changes in particle size and size distribution,
density and porosity of granules. The influence of particle size
on dissolution and gastrointestinal absorption has been widely
studied (281-285) and an attempt to introduce particle size
distribution in the kinetics of dissolution has been reported (286).

Carli and Simioni (287) in studying the kinetics of.liquid
capillary penetration into polymer matrices found that the rate
of release was influenced by the pore volume effectively penetrated
by the liquid. -The release characteristics of drugs from dosage
forms are influenced by porosity which enters directly into the
Higuchi square root law for dissolution (250).

Cruaud (288) showed that there is a correlation between
dissolution rate constant and porosity in the case where a tablet
disintegrates into porous granules and the limiting process is

the penetration of water into the dislodged granule.

3.3.1 Surface Characteristics

Kaneniwa (213) reported that surface conditions of a particle

may play an important role in the initial dissolution process for

pobply soluble drugs. Observation by scanning electron microscope

reveals the presence of very fine particles adhering to the larger
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particles. After Comparing tt

‘e dissolutior amples with

and without particles adhering to the sur?éééi;thé”égthors obtained

no significant difference and attributed the observed initinl
dissolution rate to surface free energy which increases with

decreasing particle size.

In this study aspirin crystals examined under a scanning

. .
electron microscope are shown on Figure 4. It can be seen that

in addition to small particles adhering on the larger crystals,
cracks, sharp edges and fissures can be observed. The presence of
cracks and fissures on the crystal surface is said to enhance the
reactivity of solid substances (55, 289, 290). Such adhering
particles, cracks and fissures on aspirin crystals may be of
significance in interpreting stability data. The photomicrographs
of coated aspirin particles are shown in Figures 5-8 where Figure 5
shows HPMC coated particles, Figure 6 shows EL coated particles,
Figure 7 shows GEL coated particles and Figure 8 shows CAP coated

particles. The coated particles exist as agglomerates of aspirin

s

crystals bonded together by the adhesive ection of the polymeric -

film-forming material. It is thought that during the application
of the coating solution, a single crystal is coated but before it

dries, it is bonded to other similarly coated crystals. With

continuous coating, the agglomerates already formed are further

coated. The resultant agglomerate is a stable, almost spherical

particle consisting of aspirin crystals randomly dispersed in the

matrix of the polymeric material used. The formation of agglomerates

is accompanied by the presence of canals and voids between the

bonded particles However. the presence of small particles adhering

to the large particles is not distinctly evident. The presence of

canals and voids can influence the penetration of liguids through
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powder bed or granules (287, 288)

Fi . . :
lgures 9 and 10 are Dhotomlcrographg of pure salsalate powder

and of SalSalate_microcapsules respectively. As previously observed

small particles adhere to theAlarge salsalate particles as seen
on Figure 8, while the microcapsules on Figure 10 have smooth

surfaces and have attained a spherical shape. However, the presence

of pores can be clearly seen. These could enhance dissolution or
reactivity of the core substance, because of the possibility of
moisture access through the observed pores.

Figure~11 is the photomicrograph of salsalate microcapsules
made in accordance with the method of Tanaka et al. (264) which is
essentially a phase polymerisation technique. The surfaces appear
rough due to the presence of wrinkles. Figure 12 which is the
photomicrograph of one particle as on Figure 11 magnified 500 times,
confirms the presence of wrinkles and further demonstrates the
presence of pores. The interesting feature of such particles 55
demonstrated by Figure 12, is that the effective surface area
which influences both dissolution and reactivity is much higher
than that which could be estimated from the diameter of the
particles. Takenaka et al. (291) observed the presence of wrinkles
on microcapsules treated with formalin and further observed the

effect on particle size distribution as the amount of formalin

added is increased.

3.3.2 Particle Size Distribution

Sieve analysis was used to determine any change in particle

, { cro-
size and size distribution as a result of pan coating or micr

encapsulation (Section 2.8.3). Edmundson (292) reviewed various
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methods of partic} i s '
particle size analysis. A large number of pharmaceutical

could be described by the geometric mean and geometric sta%dard 'g

deviation. Geometric m ‘ . th
ean, Xg 1s defined as the F~ root of the

products of the variables,

. F
Rg = X3 x x5 x x3 x Xg) --- Eq. 25a

Equation 25 could be re-written as

Xg = Antilog I logx ' --- Eqg. 25b
: F
where F = is the total frequency

i

X number of variables

These formulae are rarely used (Equations 25a and 25b) to calculate
the geometric mean from frequency distribution because these means
.have practical significance only in special cases in which the
particle size distribution happen to obey the log-normal law.

When this is so,.the geometric mean can be read directly from a
graph of cumulative frequency against diameter (292). The geometric
mean is eguivalent to the median or 50% diameter. The geometric

standard deviation is equivalent to the slope of the distribution

when such particle size data is plotted on & log-probability graph.

In this study, the size distribution of coated and uncoated aspirin

particles, as well as salsalate and salsalate microcapsules were

determined.

3.3.2.1 The Pan Coated Particles

The size distribution of coated and uncoated aspirin particles

follow & linear relationship when plotted on a log probability
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graph. The line e : L - * . ,' - ,
g near TulatlonSﬂlp shows thétithe;logfﬂDrmal distribution‘~'*

was present. Fron : AL
P . From the log-probability graph, as shown in Figure 13,

the geom i ' .
geometric mean and subsequently the geometric standard deviation

were obtai . .
ained The geometric mean Was graphically determined as

the size that corresponds to 50% probability distribution. The
geometric standard deviation was calculated from the ratio of the
size that corresponds tc 50% probability and 16% brobability, as

shown by the following expression (292, 293):

s
© 5128 --- Eqg. 26
% undersize Bt

Ig

I
=i
MDD

o\°

where Og = geometric standard deviation.
The values for the geometric mean and geometric standard

deviation are shown on Table 4.

3.3.2.1.1 Discussion

Tt can be observed in Table 4 that the geometric mean size
and the deviation have increased as a result of film coating.

The increase in geometric mean size due to film coating can

probably be due to agglomeration of the particles. The effect of

the film coat thickness is negligible on the observed increased

geometric mean since the proportion of the coat is very small

( 3% W/,) (Section 2.4.3 and Table 2).

The geometrical standard deviation, which defines the spread

of the distribution, is also observed to be higher for the coated

particles. This means there is possibility of existence of very

large or very small particles in appreciable amounts in the coated
(=]

i 15 i ' ssibility that
samples., This pbservation 1S explained Dy the po y a

segregation occurs during the rotation of the coating pan such that
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Table 4

RELATIVE SIZE DISTRIBUTION gF COATED AND UNCOATED ASPIRINAPARTICLES
AND SALSALATE MICROCAPSULES

TYPE OF PARTICLE GEOMETRIC MEAN GEOMETRIC STANDARD
OR FILM COAT u DEVIATION og
PA 280 1.65
GEL 370 2.05
HPMC 430 2.55
EL 550 2.55
CAP 660 2.73

PURE SALSALATE AND SALSALATE MICROCAPSULES

Salsalate Powder 115 1.52
MICROCAPSULES:

Made at 400 rpm 193 1.51
Made at 600 rpm 125 1.44
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a size gradient exists. The gradient is such that the largest

particles rotate at the outermost regions of the pan while the

small particles remain almost stationary at the centre of ‘the

rotating pan. On spraying the Coating liquid the large particles

form aggregates with the adjacent particles. Similarly the smaller

particles form aggregates. The large particles usually pack
poorly (283) creating large aggregates with large void volume.
Since smaller particles form well packed aggregates, it is rational
to say that a uniform growth of particles does not occur. The

_ 1he
observed phenomenon of segregation of particles during}pan coating
process, make it appear that the method is not a reliable tool

for applying films to small discrete particles without significantly

changing the particle size or size distribution.

3.3.2.2 The Micrbcapsules

The particle size distribution of salsalate and microencapsulated
salsalate as represented on a log-probability graph is shown on
Figure 14. The geometric mean and geometric standard deviation

are determined from Figure 14 and tabulated on Table 4.

3.3.2.2.1 Discussion

Relative to the pan coated particles, the observed changes

in particle size and geometrical standard deviations of the micro-

capsules were modest. The size distribution of sulfamethoxazole

microcapsules prepared by gelatin-acacia complex coacervation (291)

method seem to corroborate the size distribution observed for

salsalate microcapsules. The increase in stirring speed for

i v ces
dispersion during the formation of coacervates clearly redu

It is not only

the mean size of the resultant microcapsules.
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speed which eff 5 ;
p Ch evfects the Microcapsule size hyt also pH and hardening

agent (281).

3.3.3 The Density

and Porosity of Coated Particles

The high degree of aggregation of particles observed for

the pan coated particles, make it necessary to investigate the

extent of crystal packing in the discrete agglomerates. The degree
of packing which could be revealed through density or porosity
determinations is important in some physical or chemical processes
(250, 287, 288).

Density can be used to determine the porosity of particles
(280, 293). Table é shows the percentage porosity as calculated
from the experimentally determined granule densities according to
equation 27 (280, 293):

% Porosity (E) = 1 -  Density of aggregates --- Eqg. 27
- —)
Density of Pure Aspirin

The method for determining density has been described in chapter 2
(Section 2.7) based on the method originated by Wulff and Heige
(294) and presented as one of the techniques for determining the

density of crystals (285). The method is claimed to have a probable

accuracy of 1%.

Cellulose acetate phthalate coated particles, with film

loading ranging from 1% W/, to 8% W/, were used in the density

determination studies. The density of the film was found to be

1.1 g/cm3 and that an 8% W/, £11m. loading on aspirin crystals could

give a maximum shift in density of 2%, while the real observed

shift after correction for film effect is 5%.
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Table 5

DENSITY AND PORCSITY OF ASPIRIN COATED WITH CAP

% DRY WEIGHT GEOMETRICAL DENSITY CALCULATED

4

OF FILM COAT MEAN G/cc % POROSITY
0 280 1.40 0
1 330 1.39 0.7
3 660 1.38 . 1.4
6 1150 1.36 2.9
8 1500 1.33 5.0
89




The presen : .
e pr ce of voids in the aggregates could be significant

in th 111 R . _
in e stability, if it isg considered that after drying and driving

off any soclvent, the voids may be filled with moist air. bepending

on humidity at the time of exposure, the initial degradation of

such particles may be dependent on the moisture present in the

volds rather than the external experimental conditions. Tt has

been observed that a number of degradations in pharmaceutical

dosage forms is dependent upon’ the inherent moisture present in

the diluents (184, 286},

3.4 Summary

In this chapter, an attempt has been made to define the

characteristics of the coated particles and on the release of

aspirin and salsalate. When film-forming polymeric substances

are applied on pa;ticles as film coat, the surface characteristics~
the shape, the density or porosity of the resultant coated
particles are observed to differ from the original particles.
Although particle surface characteristics and porosity may have
less pronounced effects on dissolution (213, 250, 288), they are

known to’play a significant role in the enhancement of reactivity

in solids (55, 63, 64]).
In the study, the surface characteristics were controlled

by using a similar batch of particles while the porosity was

controlled by using narrow size range of particles in the solid

state stability studies. In this way, the effects observed would

not be due to size variables but mainly due to the film or the

additives used extragranularly to test the barrier effects of the
polymeric film coats @s shown in the subsequent sections (Chapter 5).
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STABILITY IN SUSPENSION SYSTEMS

THE INFLUENCE OF ADDITIVES ON THE STABILITY OF SALSALATE




CHAPTER 4

E_INFLUENCE OF ADDITIVES

4. STABILITY IN SUSPENSIDN.SYSTEMS' TH

ON THE STABILITY of SALSALATE

4.1 Introduction

The effect of common tablet or capsule excipients and
co-formulated active materials on the hydrolysis of aspirin in
aqueous suspension has been studied (287, 298). In such suspension
studies, the formation of salicylic acid was found to be zero
order and this can be rationalised aon the basis of decomposition
in a saturated solution (299). In an attempt to extrapolate
stability data from.suspensions to tablets, Moulding et al. (298)
examined the stability of powder mixes and tablets, and observed
the influence of various excipients and antacids as well as the
effect of varying the amount of water. It was observed that the
rate of degradation increases linearly with an increase in moisture
content, and that the relationship could be used to predict the
stability of solid dosage forms from the apparent zero-order rates
obtained from suspension studies.

In this study the stability of drugs in a suspension system
was done in order to model the kinetics of decomposition in the
solid state, and salsalate was chosen as a model drug.

Salsalate or Disalcid R (300), Diplosal or o-salicyloyl
salicylic acid (301) or Salicylsalicylic acid (302) are some of

fthe names used to describe the bimolecular ester {303) of salicylic

acid (Figure 15).

Salsalate is essentially a pro-drug of salicylic acid. In

vivo, it is hydrolysed to two molecules of salicylic acid, and

the same decomposition pathway 1is observed when improperly stored

g1
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Fig. 15. Chemical structure of salicylsalicylic acid (salsalate)




n vitra 3 )
in vitro (300, 304). One of its claimed advantages is its longer

31€-11Fe re ; ..
half-life relative to a8spirin (300). The drug is said to produce

A

less gastric irritation (300), Salsalate is therefore promoted

for conditions such as rheumatoid arthritis, when lbng term

salicylate therapy is indicated.

4.2 The Degradation of Salsalate in Suspension Systems

4,.2.1 mgﬁhods

1% w/v suspensions of salsalate were used to investigate the
stability of thé drug at 50, Additives, namely 0.1% w/v
magﬁesium stearate, '0.1% w/v sodium stearate, 0.1% w/v aluminium
stearate and 0.03% aerosil were added to the suspensions and their
effect on the degradation of salsalate were monitored. Samples
were withdrawn as explained previously (Section 2.1.3.1) and

assayed by HPLC.

4.2.2 Results ahd Discussions

The HPLC method used was capable of separating salsalate,
salicylic acid and the internal standard used, n-propyl-p-hydroxy
benzoate, as well as aspirin and its decomposition products. An

HPLC trace for the separation, using standard concentrations of

the compounds is shown in Figure 16. Such a separation enables

the quantification of both the reactant and the reaction product.

4,2.2.1 Degradation of Salsalate without additive

The degradation of salsalate in suspension with no excipient

is relatively very slow. The formation of salicylic acid as

determined by the apparent zero order rate constant was found to
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be 0.033 m moles/litre/hr, while the degradation induced by

magnesium stearate gave a rate constant of 0.410 m moles/litre/hr,

\

a twelve fold change.

4.2.2.2 Influence of Additives on Salsalaté Degradation

The effects of additives on the degradation of salsalate in

aqueous suspensicns at 5DOC are presented in Figure 17, where the
effects due to each of the stearates of magnesium, calcium, sodium
and aluminium as well as Aerosil R are shown. Except for Aerosil
for which a 0.03% w/v concentration was used, the amounts for each
of the stearates usgd was 0.1% w/v. Higher concentrations of
ABPOSilRproduced viscous mixtures. The stearates of divalent
metals produced the largest changes in the rate of decomposition
of salsalate. However, there is no clear relationship befween

the cationic charge and the observed effects. Several possible
mechanisms could explain the difference in obéerved rates produced
by the different additives. The presence of catalytic impurities,
the direct catalytic effect of the metal ions, catalysis on the
surface of excipients and solubility differences of the alkall
stearates were possible mechanisms. ABPOSilR did not show any
Signi%icant influence on the rate of degradation of salsalate.

Sodium stearate, the most soluble of the stearates used shows less

effect than magnesium stearate which is less soluble. Literature

values obtained are as follows (305).
Sodium stearate § g/litre
Calcium steérate 0.025 g/litre
Magnesium steerate 0.04 g/litre

' ribed as soluble and calcium
Sodium stearate has been described as

stearate as insoluble, while magnesium stearate is described as
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Fig. 17. Degradation g+ saléalate
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having a solubility of 0.03 g/litre in colg water and 0.08 g/litre

in hot water (308), Aluminium Stearate is described as 1nsoluble

(306) and its small effect on the degradation of salsalate and

aspirin relative to the stearates of calcium, sodium and magnesium

has been attributed to its insolubility (297).

In the study of the hydrolysis of aspirin in combination

with tablet lubricants in aquecus suspensions, Kornblum and Zoglio

(287) proposed a primary mechanism which involves alkali cations

reacting with aspirin in solution to form a salt of aspirin and

which in the presence of solvated aspirin, comprises a buffer

system with a pH detrimental to the stability of aspirin.. To

investigate whether a parallel mechanism occurs with salsalate j

and magnesium stearate in suspensions an experiment was designed

to test the effect of magnesium ions derived from a solution of

magnesium stearate, on the rate of degradation of salsalate in

suspension.

4.3 Influence of Magnesium Ion Concentration on the Degradation

of Salsalate

4,3.1 Methods

5.0 g Magnesium stearate powder was added to 200 mls of
water and the mixture was vigorously stirred overnight at room
temperature after which the filtrate was recovered and was assayed

for Mg’ ion using atomic sbsorption spectrophotometry (Section 2.11).

The salsalate suspension was made using sclutions containing

different amounts of magnesium ions. These ranged from 15 ppm to

0.15 ppm.
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4.3.2 Results and Discussion
—== =~ “1SCussion

The degradation of salsalate in the presence of different

concentrations of magnesium ions, obtained by adjusting the

magnesium stearate concentration is shown in Figure 18. The

higher the magnesium ion concentration in the suspension system
the higher the rate of salsalate degradation. In fact a linear
relationship is observed between the apparent zero-order rate

constant and the Concentration'oF the magnesium ions. The ‘i

relationship is in Figure 19 and can be described by equation 27.

Y = 0.008x + 0.03 -~ Eq. 27

where Y k, the apparent zero order rate constant with units
m moles/litre/hour
x = Concentration of magnesium ions in ppm

{r, the correlation coefficient = 0.997).

The magnesium ion concentration therefore appears to be important,

but the available data does not provide the necessary proof that

this was the case. Effects induced by excipient impurities for

example could not be excluded. The British Pharmacopoeia (307)

and the United States Pharmacopoeia (308) specify the magnesium

oxide content in magnesium stearate as being between 6.5% up to
8.5%. The bulk of the magnesium ions could perhaps be expected

to arise from magnesium oxide because of 1ts higher aqueous

solubility relative to magnesium stearate. Jaminet and Louis

(174) in fact claimed that the magnesium oxide present in magnesium

stearate was responsible for the observed acceleration of the

decomposition of aspirin in the presence of the lubricant.

i i i , ium hydroxide which will
Magnesium oxide is hydrolysed to magnesl y

The correlation

impart a high pH to .the suspension system.
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Table B

THE APPARENT EFFECTS OF MAGNESIUM I0ONS

SYSTEM Apparent zero-order rate constant
Salsalate alone 0.033 mM/1/hr
Salsalate + 0.1% MgCly 0.038 mM/1/hr ;

(1000 ppm of Mg**)

Salsalate + 0.1% Mg(Cy7H35C02)5 0.1499 mM/1/hr
(15 ppm of Mg**)

MgC12 = Magnesium Chloride

Mg(CleBBCOZJZ = Magnesium Stearate
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g : : - .
observed in eqguation 27 and Figure 19 between the rate constant and

3¢ si i s
MEENESLUMm 10n concentration could be a manifestation of other

factors, parallelled by the changes in the magnesium ion concentration.

To test this, tbe decomposition of salsalate was followed in the

n o . -
presence of 0.1% w/v magnesium chloride.

4.3.2.1 The Influence of Magnesium Chloride

The level of magnesium chloride used gives an equivalent

++
of 1000 ppm Mg ion in solution compared to 15 ppm Mg++ ion

maximum concentration used in the previous test (Section 4.3.2).
Despite the high concentration of magnesium ions in solutions, the

rate of degradation of salsalate was not changed in the presence

of magnesium chloride. This can be observed in the rate constants
obtained (Table B).

From the observed data, the magnesium ion in solution
cannot account for the large increase in the rates of decomposition
of salsalate when magnesium stearate is added to a suspension of
the drug. Several factors made necessary an investigation of the
effects of pH on the salsalate degradation. These includé al) the
existencé of basic impurities in magnesium stearate (174), b) the
observation that such alkaline additives induce the formation of

a buffer system in aspirin suspensions with a pH detrimental to

the stability of aspirin (287) and (c) the British Pharmacopoeial

specifications for the pH of a standard solution of magnesium

stearate (308).

4.4 The Influence of pH on the Degradation of Salsalate

4.4.1 Methods

MoTlvaines buffer solutions (310)were made by mixing various
1 .
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Table 7
COMPOSITION OF BUFFER SOLUTIONS USED IN SUSPENSTON STUDIES

(Prepared according to ref. 310)

Desired Resultant o/1 Resultant KC1 added
oH at pH ?{ g/1 CoHo0-  HoO ionic to make ionic
2500 reaction NazHPD4.12H20 ( 5t8.7' 2" ) strength strength 0.2 M
mixture citric acid {(m) g/l
3.4 3.40 20. 4 ~15.0 0.112 6.56 i
3.6 3.53 21.5 14.2 0.128 5.37 |
3.8 3.82 ' 25.4 13.6 0.142 4,32
4.0 4,02 27.6 12.9 0.157 3.21
4,2 4,22 29.4 12.3 0.173 2.01
4,4 4,40 31.6
4.6 4,56 33.4
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proportions of disodium hydrogen orthophosphate dodecégydrate

and citric acid to obtain PH values between 2.2 to 8.0. Potassium

A

chloride was added to give a required ionic strength as shown in

Teble 7. Buffe? solutions with PH values ranging from 3.4 to 4.6

were made, and were standardised to an ionic strength of 0.2 M
with potassium chloride. 1In order to test the effect of pH on
the stability of salsalate, 1.0g/100 ml suspensions were made in
the buffer solutions kept at SbOC and samples were.withdrawn at

predetermined intervals for an HPLC assay for salsalate and the

formed salicylic acid (Section 2.1.3.1).

4.4.2 Results and Discussions

The degradation profiles at different pH values are shown
on Figure 20. Thg results clearly show that the rate of degradation
of salsalate is related to the pH of the suspending medium.
Korblum and Zoglio (287) have indeed shown that an increase in
the rate of decomposition of aspirin, upon the addition of a
series of lubricants was mirrored by an increase in pH, although
no attempt was made to derive an expression to relate the.two
parameters of pH and degradation rate.

By monitoring the rate of decomposition of salsalate in the
buffered and non-buffered solutions, it was possible to show the
existence of a linear relationship between the logarithm of the

apparent zero-order rate constant and the pH of the system over

the pH range of 3.4 to 4.6. The linear relationship could be

The line through

represented graphically as shown in Figure 21.

the points could be described by eguation 28.
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© Salsalate in buffers ranging 3.4 to 4.56

1 Salsalate + MgCly, in water

2 Salsalate + MgClZ in buffer (pH 3.53)

3 Salsalate + Mg stearate in buffer (pH 3.63)

4 sSalsslate + MgCl, in buffer (pH 4.18)

5 Salsa1a£e + washed magnesium stearate 1in water (Trial I)
6 Salsalate *+ Mg stearate in buffer (pH 4.24)

washed Mg stearate in water (Trial I11)

7 Salsalate *

§ Salsalate + Ig stearate in water
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log kK _ = 0, -
g K 93 pH - 4,50 --- Eq. 28

where k = g t
. pparent zero order constant ’

r (correlation coefficient) = 0,999

Reanalysis of the data reported by Kornblum and Zoglio (297)

showed that such a relationship also held for the apparent zero
order decomposition of aspirin in suspension in the presence of
additives. The corresponding equation was found to be as shown

on equation 28, over a range of pH of 2.60 to 4.14.

(0]
log k= 0.72 pH - 2.79 --- Eq. 28

r (correlation coefficient) = 0.993

In the presence of excipients such as magnesium stearate, both
compounds (drug and additive) therefore produce non buffered
suspensions with pH values to which the observed reaction rates

are directly proportional. However, one should not expect the’

linear relationship to hold for all pH values since published
data on the decomposition of_goth salsalate (304) and aspirin
(32, 33) in solution have clearly demonstrated the complex
relationship between the pH and the reaction rate constant. In "%
his studies on aspirin solutions, Edwards (32]) has rationalised ;
the linear relationship observed in the pH 2.6 - 4,14 range on
the basis of six parallel reactions. There were however regions
in the pH log rate constant curve where the logarithm of the
reaction rate constant was inversely proportional to the pH or
independent of pH.

On the basis of these observations further investigations
were carried out to study whether pH has a role in exc%pient

. o o\/g .
induced degradations of salsalate 1n suspension systems
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4.5 Excipient Induced Reaction

The effects of magnesium' stearate and magnesium chloride in

water and in buffer on the decomposition of salsalate in suspension
compared with semples of salsalate with no additives in water and

in buffer were investigeted.

An attempt to reduce the alkaline impurities by washing

magnesium stearate were also tested.

4.5.1 Methods

Suspensions of salsalate with 0.1% W/, magnesium stearate

or 0.1% w/v magnesium chloride were made in water and equilibrated

o
at 50 C. Samples were withdrawn and assayed by HPLC as described
(Section 2.1.3.1). The pH values of the samples Were also determined.
Likewise salsalate suspensions were made in a pH 4.24 buffer and

0.1% w/v magnesium stearate or magnesium chloride added. The

effects of using washed magnesium stearate on the degradation of

salsalate in suspension were also investigated.

4,5.1.1 The Washing of Magnesium Stearate

The procedure for washing magnesium stearate to reduce
alkaline impurities has been outlined in Section 2.12. The samples
of magnesium stearate which have been so treated, have been

. > " .
referred to in this thesis as "washed” magnesium stearate, to

distinguish from the untreated samples.

4.5.2k Results and Discussion

The results as shown in Figures 22 and 23 suggest that pH has

a role in éxcipieht-induced salsalate degradations. The effect of

magnesium stearate on salsalate degradation is controlled by the
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Fig. 22.
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buffer system (observed decrease in rate constant]) and that of

magnesium c ri i N
gne hloride is also influenced by the buffer system (increase

i te Do .
10 rete constant). It is interesting to note that the reactions

carried out in buffer systems. (pH 4.24) show no apparent difference

in the reaction rates between salsalate and salsalate with additives
except those which could be attributed to minor variations in pH.
Washing cof magnesium stearate had a significant influence
on the decomposition of salsalate when compared to unwashed
magnesium stearate (Figure 23).
The aﬁparent zero-order rate constants for the degradation
of salsalate in buffer systems and in the presence of additives
are both related to the pH of the suspension system as shown on
Table 8, and in Figure 21. Figure 21 shows that the pH and the
apparent zero-order rate constants of the suspension in the presence
of the additives were linearly related as observed in the buffer
systems. An explanation can therefore be put forward to describe

the observed increase in rate of reaction of salsalate on the

addition of magnesium stearate.

4.5.3 The Mechanism of Excipient Induced Salsalate Degradation

The experiments that have been carried out so far show that

stearates of magnesium, calcium, sodium and aluminium induced

rapid degradation of salsalate in aqueous suspensions. Magnesium

stearate produced the largest effect. The effects were associated

with high magnesium ion contents and high values of pH. The use

of magnesium ions derived from magnesium chloride was associated

with lack of increase in reaction rate and low pH. The systems

ti e indi d the relation
studied in buffer solutions have clearly indicate
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Table 8

RELATIONSHIP BETWEEN THE APPARENT ZERO ORDER RATE CONSTANT AND pH

OF THE FORMATION OF SALICYLIC ACID IN AQUEDUS BUFFERED AND NON -

BUFFERED SUSPENSIONS OF SALSALATE
Apparent zero
The pH of order rate
The Suspension System the Reacting constant Log (kgl+ 2
Mixture Kg (mM/1/hr)
Salsalate anly in buffer 3.40 0.046 0.660
! v " 3.53 0.057 0.754
' o " 3.82 0.107 1.030
" " ” " 4,02 '0.167 1.224
" " " " : 4.22 0.245 1.380
" noo " 4.24 0.250 1.415
" " " " 4.40 0.369 1.567
" " " " 4.56 0.543. 1.735
1. 55A + MglCl, in Water 3.36 0.039 0.592 |
2. SSA + MgCl, in Buffer 3.53 0.069 0.839 :
3. SSA + MgS in Buffer 3.83 0.083 0.951
4. SSA + MgCl, in Buffer 4.18 0.224 1.351
5, SSA + Washed MgS in Water 4.18 . 0.240 1.380
6. 9SA + MgS in Buffer 4.24 0.255 1.408
7 SSA + Washed MgS in Water 4.31 0.300 1.478
§. SSA + MgS in Water 4.36 0.410 1.613
SSA Salsalate
MgCls Magnesium chloride
MgS Magnesium stearate ’
The Nos 1-8 correspond to identification numbers on Figure 21
112




between pH and tr o - ' ~
Prioand the observed dPparent zero agrder rate constant. The 

linear relationshi: (Fi
- g S .A_},] rl"UI"e . . .
g 21} quantitatively confirmed a relationship

between

the logarithm of the 2€ro order rate constant the the pH in
the 3.4 to 4.56 range. ‘
Un the beasis of these results, it can be said that the

RN . t o b _
additives exemplified Ry magnesium stearate mediate their effects

through changes in pH. For magnesium stearate, the pH formed in
the suspension systems with salsalate was such that rapid degradation
of salsalate occurs. Addition of magnesium stearate in buffer

systems of different pH have shown that the controlling factor for

the rate of reaction is pH and not magnesium ions.

4.5.4 Conclusions

The zero order rate of formation of salicylic acid from aqueous
salsalate suspensions is shown to be increased by the addition of
alkali stearates, an effect which is produced mainly by the alkaline
impurities in the samples. A direct relationship between the
concentration of magnesium ions and khe rate constants was observed
but was shown to be secondary to the pH changes induced by the
alkaline impurities present in the sample.

The results observed may serve to interpret parallel reactions

performed in the solid state (Chapter 5].

4.6 Important Observations Associated With Changes of pH in a

Suspension System

The changes in pH have been shown in the previous sections
(=)

to influence reaction rates in the suspensions studied. It was

observed that the amount of Salsaiate in solution in the suspension

was higher with higher pH. Salsalate is a weak acld with a pKa 3.45,

value determined by Stevens (304). A shift in pH would therefore

[a¥]

be expected to change the amount of drug in solution. The



relationship between PH and SOlubility for the weak acid mdyibe

of great importance in undersfanding reactions in the solid state.

Since some solid state reactions are said to

of adsorbed moisture on the

solid surface, a

occur in solutions

substance which would

change the pH of the sorbed moisture in such
is favoured would increase the total drug in

drugs in sclution degrade faster than in the

8 way that ionisation

solution.

solid state

Since

(3117,

such a shift in pH could have a bearing on the stability of solids.
It is therefore important to understand the relationships between

pH, solubility and reaction rate constants.

4.6.1 Effects of pH on Solubility

The total solubility of a weak acid is the sum of the ionised
and unionised species which are related to the pH and pKa by the

simplified expression:

pH = pKa + log ﬁ; --- Eg. 30
HA
where fA-I = the concentration of the ionised species mM/1
lHA! = the concentration of the unicnised species mM/1 at

saturation solubility

At any pH value, with the knowledge of pKa of a weak acid and the

A can be determined
HA

total solubility, the value of log {ﬁ; and

HA

as follows:

A7 v Ikl - s

where S = total solubility (mM/1]
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TP A= R = Antilog(
= ntilog(pH -pk
’HA P -pKa)

Then [A | = R|Ha| --- Eq. 33
By substituting equation 33 in equation 31

RIHA| + |HA] = 5 --- Eq. 34

[HA| (R + 1) = s . --- Eq. 35

|HA| = S --- Eqg. 36

(1 +R)

S (experimentally dgtermined total solubility) and R (calculated
from pH and pKa according to Eg. 32) are known, so IHA’ can be
evalulated. Similarly !A~! can be evaluated from equations 31 and
34 as described by the expression:

|l = _RS_ --- Eq. 37
(1 +R)

ﬁ; , S, ]A_| and |HA , as well as the corresponding
HA
zero order rate constants in the buffer systems are shown in

The values of pH,

Table 9. From Table 9 and observing equations 36 and 37, it can
be noted that ]A_] changes substantially while [HAI changes very
little with changes in pH. Similar to the relationship earlier
obtained between log KO versus pH (equation 28]}, a good linear

relationship also exists between the pH and |A ] and between log Ko

and !A—[ as shown by equations 38 and 39:
oH = 1.11 log|A | * 4.01

log K_ = 1.03 log |A | - 0.78
0
A complex interrelationship between log K_. pH and log|A | exists

as described by equetions 28, 38 and 39.
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4.6.2 Conclusions
—— Z-==2Uns

F int :
rom the complex interrelationships between the pH, solubility

and the rate constant observed, it appears feasible that éhe

suspension technique used may be useful in interpreting, predicting

and elucidating the chemical mechanisms in solid dosage forms as

well as in the evaluation of the suitability of a lubricant in a

dosage form. Furthermore, the suspension model may be useful

since most cases of solid state degradation encountered with
pharmaceutical solid dosage forms are solvolysis, particularly

hydrolysis reactions initiated by the residual moisture present

in the drugs or excipients used in the formulations (184, 296).

4.7 The Effects of Buffer Ionic Strengths on the Decomposition

of Salsalate

Equation 35 shows that an increase in ionised species of
salsalate occurs with increasing pH. Equation 28 shows that the
pH increase causes an increase in the reaction rate constant. It
is rational therefore to say that ionic species participate in the
observed increased reaction rate. In reactions where ionic species
partioipéte, the reaction rate may be influenced by the ionic
strength of the reaction medium.

Ionic strength is defined by equation 40.

% oq 74 --- Eqg. 40

—
i)
;]

ionic strength (moles)

where

Ci = molar concentrations M/L

Zi = \/aleﬂcy O’F the ion-

The ionic strength affects inter-ionic interactions and activity

coefficients (293). The relationship between ionic strength and
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- DTN
ohserved rate constants can be given by equation 41 (293):
log K = log K, + 1.02 Zp Zg\fu ~=2 Eq. 41

where K = ohserved rate constant

o
1

o © @ rate constant at infinitely dilute solution whefe p =20

Zp ZB = charges of reactants

A plot of log K versus Jh will therefore be linear with slope value
equivalent to 1.02 ZA ZB. If one of the reactants is neutral,
ZA ZB = 0 then the rate constant is independent of ionic strengths

in dilute solutions.

4,7.1 mgﬁhods

McIlvaines Buffer solution (310) at pH 4.0 was adjusted to
the desired ionic strengths by adding appropriate amounts of
potassium chloride. Solutions at pH 4.0 and ionic strengths
ranging from 0.157 M to 1.0 M were prepared. A salsalate suspension
(1.0 g/100 ml) in the above solutions were eguilibrated at 50,
and samples withdrawn at known intervals and assayed for salicylic

acid formaticn by HPLC as previously described (Section 2.1.3.1J.

4,7.2 Results and Discussion

It is observed on Figure 24 that the rate of formation of
salicylic acid is dependent on ionic strength. As the ionic strengfh
increases the rate of formation of salicylic acid decreases.

When the observed zero-order rate constants are determined

and plotted according to equation 41, a lineer relationship is

obtained as shown on Figure 25, The linear relationship on

Figure 25 is described by equation 42:
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Fig. 24. The effect of ioni
10nic strength of buffer system ]
ne et . t on th f
ot salsalate in suspension at 500C and plﬁ' 4.0 7 emretetier

i-0

/7
0-8)-

s
o

4

\

\

i
v

/:% é/ |

A

/g/v%z

Salicylic acid formed (mM/1)

]
3

Time in hours

P~ N S,
[&;] 5

O 0.157 M (dionic strength)

g 0.3 M
v 0.5 M
¢ 0.8 M
o 1.0M

118




Fig. 25. Relaticnship between
and the logaritt
the degradation o+

Square root of buffer ionic strength (p)
M of the zero order rate constant for
salsalate at 50°C and pH 4.0

15
N
\\
B \
. 13 N
. \
i AN
ot}
@]
o
19
09 :
0 02 0-4

120




log K = -0.56 - 0,49 \[p

where K is the observed zerg ofder rate constant

This observation confi . .
rms the participation of ionic species in

the decomposition of salsalate in Suspension systems. Furthermore,

additives that may contribute to the ionic strength of the reaction

medium may have some influence on the rate of reaction in addition

to other influences such as pH. However, the changes observed are

not very large, since a large shift of ionic strength has a small

bearing cn the rate constant. In the case studied a six-fold

change in ionic strength does appear to change the rate constant #

by approximately two-fold only.

4.8 Degradation of Aspirin Compared to Salsalate in the influence

of Magnesium Stearate

The influence of magnesium stearate or other common tablet
lubricants on aspirin degradation has been studied extensively
(180, 202, 297 and 298) while that of salsalate has not been so

widely studied (304). In the presence of 0.1% magnesium stearate,

both aspirin and salsalate degrade forming salicylic acid. In

suspension studies, the formation of salicylic acid was observed

to be an apparent zero order. The rate of formation of salicylic
acid in a suspension system at SOOC in the presence of 0.1% magnesium
stearate was 1.140 mM/1/hr and 0.410 mM/1/hr for aspirin and salsalate

respectively. This observation shows the marked difference in

reactivity of aspirin and calsalate in the presence of magnesium

stearate, where aspirin is six times more reactive than salsalate.
]

‘ - t e differ three-fold, for
(Although the rate constants quoted above d “ ’

two moles of aspirin must

every mole of salsalate that degrades,
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D oy > Y1 >
degrade to give an equivalent amount of salicylic acid in solution).

On the basis of the above observations it was rational to consider

A

state and

the use of aspirin for studies of stability in the solid

to note

whether the observed differences in reactivity will also

be manifested in the solid state.

R TR e e
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CHAPTER 5
STABILITY IN THE SOLID STATE: THE INFLUENCE OF ABDITIVES AND

COATING ON THE STABILITY OF ASPIRIN AND SALSALATE




CHAPTER 5

5. STABILITY IN THE SOLID STATE: THE INFLUENCE OF ADDITIVES AND

COATING QN THE STABILITY oF ASPIRIN AND SALSALATE

5.1 Introduction

The mechanisms of decomposition of drugs in the solid state

are complex and difficult to unravel (114, 186, 189). The

problems are compounded by the fact that most drugs are formulated
with excipients and decompaosition in such systems is even maore
complicated. This together with the usually slow rates of
decomposition in the solid state relative to solutioné may explain
the relatively small number of reports on the quantitation of
decomposition of drugs in formulated solid-dosage forms. Many of
the reports which have appeared have tended to be semi-quantitative
although a few detailed studies have been reported (124, 128, 132,
134, 135, 138, 150, 151). To overcome the time-constraints, some
workers have resorted to the prediction of the solid state stability
of hydrolabile drugs by studying their decomposition in suspension
systems. Kornblum and Zoglib {(297) for example attempted to

predict the stability of aspirin in the presence of tablet lubricants
in the solid state by this approach. Although the method described
is attractive, the mechanisms of decomposition in the solid dosage

systems may be different to those observed in systems containing

a higher proportion of water.

More recent studies have shown that in addition to salicylic

acid (II), salicylsalicylic acid (ITII) and acetylsalicysalicylig

acid (IV) (Figure 26) could be detected in aspirin tablets (1-2,

10-12) Since, these compounds (III and IV) have been shown (1, 3)

to be potentially immunogenic, limiting their presence in formulated
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Figore 28. Decomposition of aspirin in fhé solid state
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products is important. Bundgaard and Deweck (2) heported?that

although 11l was detected in aspirin tablets, it was not detected

in various aspirin samples, thus suggesting that its Formation’
could be excipient induced.

The study was initiated to determine whether (III) and (IV)
were formed during the decomposition of aspirin in the presence
of excipients in the solid state, to quantify the kinetics of
decomposition of aspirin in the presence of excipients and to
elucicdate the mechanisms of interaction of aspirin with tablet
lubricants and in particular with magnesium stearate. Other
additives used included magnesium oxide, magnesium trisilicate,
glyceryl palmitostearate (PrecirolR }, citric acid, magnesium
chloride and mepyramine maleate. Furthermore the effect of Film
coating on the solid state stability of aspirin was examined, as
well as the protective ability of the films against extragranular
additives such as magnesium stearate and mepyramine maleate. The
stability of salsalate and that of the microcapsules was studied
and the influence of magnesium stearate on the stability of

alsalate powder was examined.

.2 Solid State Stability of Aspirin in the Presence of Exciplents

[a)

Kinetic Interpretation, Modelling and Prediction

5,2.1 Methods

The materials used have heen described in Section 2.1.1.

+ .
s ric a I, S, W
Aspirin crystals, with @ geometric mean 280 85 microns, were

. . . : £ eci zinc, aluminium, sodium
mixed with fixed proportions O° magneslum, ’ 4

or calcium stearates and 100.0 mg quantities of each of the mixtures

or of pure aspirin were weighed intoc individual glass vials and
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loosely covered with cotton wool to prevent eﬁtry of condensed

water droplets. The samples were stored in a humidity cabinet

. . 0
maintained at 60 C. A 75% relative humidity environment was

maintained at this temperature using a saturated sodium chloride

solution. Samples were taken at pre-determined intervals and

assayed for aspirin and its decomposition products by the HPLC

method.

5.2.1.1 Analysis Method

Detailed descriptions of the HPLC equipment and method have

been presented elsewhere (Section 2.2).

5.2.1.2 Sample Preparation for HPLC

The contents of the vial sampled were dissolved in methanol,
guantitatively transferred to a 25 ml volumetric flask and made up
to volume with methanol. The resultant solution was diluted and
analysed by HPLC. It is known that aspirin degrades to salicylic
acid and acetic acid which sublime and evaporate respectively.

The sublimation process may cause sample 1055 in weight. In order
to investigate the possibility'of loss in sample weight, the
sampled vials and contents were weighed. After transferring the
contents of the vial, the clean dried vial was re-weighed. The
difference in weight was the weight of the sample at the time of
assay. Since initially the sample weight was 100.0 mg, any

deviations were considered as weight gain or weight loss.

5,2.1.3 Washed Magnesium Stearate

The procedure for weshing the magnesium stearate to remove

basic impurities has been described in Section 2.12.

126




5.2.1.4 Melting Point Determinations

S

The melti i . S .
elting points of aspirin and its mixtures were determined

as described earlier (Section 2.8).

5.2.2 Mathematical Model

The model used for explaining the results obtained in this
study is based on liguid reaction-product layer férmation during
the decompasition of aspirin. Jander (77) first showed that if:
one considers the formation of a liquid reaction product layer,
during the decomposition of spherical particles and if the reaction
is diffusion limited, then it is possible to derive an expression
relating the fraction decomposed with time. Such a model has been
previously used by Nelson and others (126).

Microscopical examination of the particles shows that the
shape of the aspirin crystals used in this study were better
approximated by cylinders than by spheres. Using Jander's
assumptions of a diffusion 1imited reaction and of a rate of

thickening of the liquid layer dy/dt being inversely proportional

to its thickness, VY, equation 43 1is obtained:

dy = }’\/‘\J/ - Eq. 43
T
On integration
2 --- Eq. 44

y = 2kt

. ; f i expressed 1
The fraction decomposed (¢) after time £, can be expres d in

terms of the total weight of the cylindrical particles studied.

2 -
ﬂpﬂrozh - qnomnlro - yl'h = o Eq. 45
npmroch
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where

ry = initial radius

h = height of cylinder
n = numbef of cylinders
p = density

hY
Equation 4% simplifies to

Tg ~ (rg = yl" =ar --- Eq. 45

Rearranging equation 46
3
roll - (1 - a)? =y --- Eq. 47

Substituting for y in equation 47 from equation 44 and squaring

|1 - (1 - GJ%IZ = 2K --- Eq. 48

1
A plot of [l - (1 - a]’lz against t should therefore give a straight
line with zero intercept, if the ligquid-layer diffusion controlled
model describes the system studied. The model assumes that the

length to diameter ratio of the aspirin crystals is such that end

effects are negligible.

5.2.3 Results and Discussion

Analysis of the stored samples by HPLC showed that in

addition to salicylic acid (IIJ, salicylsalicylic acid (IIT) and

acetylsalicylsalicylic ecid (IV) (Figure 26) were formed during

storage of aspirin at 50°C and 75% relative humidity in the presence

of magnesium stearate. Samples of aspirin on its own stored under

identical conditicns did not lead to the formation of (III) and

(IV) when followed over the same time period. More prolonged
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Figure 28.
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storage however led to the formation of traces of the products:

Figure 27 shows chromatograms of standard mixtures of aspirin,

salicylic acid, and internal standard (n-propyl-p-hydroxybenzoate]

(Figure 27a), non-stored samples of aspirin with 1% magnesium

stearate and internal standard (Figure 27b) and stored samples of

the powder mixture (Figure 27c).

Peak identification was achieved by comparison of retention
times with authentic specimens as well as wavelength ratioing (16,
312). HPLC of samples stored for longer periods of time showed
that the decomposition is even more complex and several products
which have not yet been idénti?ied were observed (Figure 27d).
These results are in agreement with those reported by Taguchi et
al. (11) who showed that storage of aspirin tablets at 50°¢ led
to the formation of (IT1), (III) and (IV) and that when further
stressed at 95°C additional components could be detected in
significant amounts. HPLC analysis of aspirin samples stored for
four weeks at BOOC and 75% relative humidity showed traces of all

the decomposition products detected in the presence of magnesium

stearate. This therefore shows that the stearates accelerate

rather than induce their formation.
The decomposition of aspirin in the presence of one percent

magnesium stearate is shown in Figure 28 together with the amounts

of (II), (III) and (IV) detected in the samples. It is important

to note that:-these amounts of decomposition products can only be

used as guide values since an open system was used. This

particularly applies to salicylic acid (II) which has been shown

to sublime readily (313). Studies in which aspirin decomposition

has been followed in the solid state, by following the kinetics
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of formation of salicylic acid, will therefore lead to incorrect

results unless closed systems were used. In the present study,

an open system which allowed exposure of the samples to a constant

relative humidity was preferred. Aspirin was assayed in addition

to salicylic acid.

To investigate whether the concentration of lubricant present

atfected the rate of decomposition of aspirin, the degradation was
followed in the presence of a series of concentrations of magnesium
stearate. The results of these studies are shown in Figure 29.

An increase in magnesium stearate concentration guite clearly

accelerates the decomposition of aspirin. The data was further

shown to obey equation 48. The linear relationship between

1
3,2
|1 - (1 - @)?|° and time (in days) obtained is shown in Figure 30.
The slope of the straight lines ﬁQE is a complex function of the
. 0

rate constant k, the rate of advance of the interface with units

length2 time—l. The slope jﬂ%_ day"l values have been used for
To
subsequent calculations.
Various authors-have reported on the catalytic effect of

excipients on aspirin decomposition (166, 1638, 178). The explanation

put forward for explaining the effect of magnesium stearate, has

generally been based on hydrolysis taking place in an adsorbed

moisture layer and on an alteraticn in the pH of this layer by

the added excipient (174). It is indeed, known that the magnesium

stearate used for tablet lubrication contains a significant amount

The British Pharmacopoeila (1873) and the

of magnesium oxide.

United States Pharmacopoeia (1980) specifications for magnesium

stearate allow for up to 8.5% of magnesium oxide (307, 308). The

i hov ow defines the pH range of
Rritish Fharmacopoeia (1980) however nov p g

132




Figure 29. Deeradats o
g "nire aan of aspirin in the solidg state: influence of
) SS1Ng amounts of magnesium stearate at 600G, 75% RH.
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Figure 30.

decomposition of aspirin.,
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should be between 6.2 and 7.4 {(309)

Additienally Kornblum and Zoglio (297) have in their aspirin-
tablet &ubricant suspensign systems showed that there was a
relationship between the observed zero order rate constant of
salicylic acid ?ormation and the pH of the suspension after
addition of the lubricants. Magnesium stéarate produced the
largest pH shift and the highest rate constant.

It has not however been conclusively shown that pH change
plays a significant role in the decomposition of aspirin in the
solid state.

To test this, the rate of decomposition of aspirin powder
was measured in the presence of washed and unwashed magnesium
stearates. The washed sample gave a suspension (1%) with a pH
near neutrality (6.8) whereas an unwashed sample prepared similarly
gave a pH of 9.9. The observed rate constants as mirrored by the
slopes of equation 48 were however almost identical. The slopes
were (.0033 day—l and 0.0030 day_l for reactions in the presence
of washed and unwashed samples respectively. Clearly the results
do not exclude pH induced changes in the rates of decomposition.
The results however indicate that any such change was too small
to be detected during the study and may have been swamped by other
effects when the stability of pure aspirin is compared with
aspirin in the presence of magnesium stearate.

It has been suggested (186, 181) that because sublimation
of salicylic acid is observed on the surface of aspirin under

stress conditions (313), factors other than those involved in

solution must be operable. However sublimation out of a solution

is also conceivable. Once the moisture microfilm is saturated

with salicylic acid, additional formation will lead to precipitation,
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Figure 32. Ef 1t
fect of addition of different concentrations of

magnesi
gNesium stearate on the melting point of aspirin.
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deposition onto adjacent surfaces and eventually sublimation.

Microscopical (Figure 31) and visual examination of the

stored samples showed the presence gf liquid films round the

decomposing particles, Any theory PUt forward for observed

increase in deCémDOsition of aspirin in the presence of magnesium
stearate must therefore take this into ac;ount.
Guillory and Higuchi (132) have in their work on the solid
state stability of vitamin A compounds found that fhere was a
linear relationship between the logarithm of the observed rate
constant of decomposition and the reciprocal of the absolute melting
temperature (OKJ. This is derived from the relationship between
the fraction of material in the liquid state (x1) and the melting
point of the pure crystalline sﬁlid (Tm] as given in equation 49.
In x, = -LF.IE" 1 I --- Eg. 48
T Tnm
where: L is the molar heat of fusion and represents the difference
in internal energy between the two states, the liquid
being more reactive than the solid
T 1s the temperature of storage

-1 -1
R is the gas constant (8.3143 Joule mole ~ deg ~ or

- -1
1.9872 cal mole 1 deg )

To test whether this relationship might explain the effect

of magnesium stearate on the decomposition of aspirin, the melting

points of the mixtures were determined. Figure 32 shows the

relationship between the melting point observed and the magnesium

stearate content. The same trend was observed using both the

traditional capillery tube melting point determinations and

differential scanning calorimetry, although differences in absolute

values were observed.
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Figure 33,
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Figure 34. Effects of stearates of

Mmagnesium on the decg
(80°C, 75% RH)

aluminium, zinc, sodium, calcium and
Mposition of aspirin in the solid state
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Figure 35.
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Figure 33 shows that this relationship holds for the system studied.

One would expect that other stearates would also alter the

decomposition rates of aspirin, the magnitude of the change being

determined by the size of the depression in melting points.
Experiments were carried out to test whether other stearates

alter the decomposition rates of aspirin. Results shown in

Figure 34 indicate that different stearates in equal proportions

in the mixtures exert different influences on the decomposition

rates of aspirin. Magnesium stearate exerts the greatest influence.

When the data in Figure 34 was kinetically treated using equation 48,

linear relationships were observed as shown in Figure 35. This

observation implies that the decomposition of aspirin under the

influence of the stearates of zinc, aluminium, sodium calcium and

magnesium, when present in proportions of 3% follow the mathematical

model proposed. When the melting points of the powder mixtures

were determined, and the slopgs of equation 48 for the reaction

as shown in Figure 35 obtained, it was observed that the relationship

between the logarithm of the rate constants and the reciprocal of

the absolute melting temperature appear to be superimposed on the

It

results obtained for magnesium stearate as shown on Figure 33.

is therefore evident that the general relation holds here too.

5.2.4 Conclusions

In this study, therefore, it is shown that salicylsalicylic

acid (III) and acetylsalicylsalicylic acid (IV) are decomposition

proﬂucts of aspirin when the latter is stored in the solid state
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in the presence of alkali lubricants such as magnesium stearate
III and IV were not detected in samples of aspirin without an

additive stored under identical conditions for the same length

of time. More prolonged storage however led to the formation

of traces of the products. These data would suggest that the

stearates accelerate the formation of these products and provide
an explanation for earlier reports showing that III was detected

in most of the commercial aspirin tablets analysed'but not in

bulk aspirin samples.

A direct relationship was shéwn between the rate constant
of decomposition, as expressed by the slopes of plots of equation 48,
and the concentraticns of magnesium stearate present. It has further
been demonstrated that there was a linear relationship between the
logarithm of the slopes of eguation 48 and the reciprocal of the
melting points of the aspirin-stearate powder mixtures. Using a

series of stearates it was shown that the relationship is of wide

applicability.
Changes in melting points rather than shifts in pH of the

moisture microfilms surrounding the particles, would appear to be
the more plausible explanation for the observed effects of magnesium

and other alkali stearates on aspirin stability. Melting point

determinations would therefore appear to provide a rapid method

for predicting the stability of aspirin in aspirin-lubricant solid

mixtures as well as other csormulations like that of sodium

dicloxacillin and in the presence of additives (314) in which

Differential Thermal Analysis was used. When vitamin E succinate

and magnesium stearate were melted together, and cooled, the

following congealing points may be ohbserved (315):
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Pure vitamin E succinate melting point is 68°C

Vitemin £ succinate : Magnesium stearate 99:1 = 45%

Vitamin E succinate

Magnesium stearate 95:5 30%

Vitemin E succinate : Magnesium stearate 90:10,= 5°¢

The inverse relationship between aspirin decomposition in

aspirin-lubricant solid mixtures and the reciprocal of the melting

points (180) is quantitatively confirmed.

5.3 The Influence of a Film Coat on the Stability of Film Coated

Aspirin Particles in the Presence of Magnesium Stearate

5.3.1 Introduction-

In most cases, drugs will decompose with a loss in their
efficacies if they are not protected from atmospheric effects
such as moisture, oxygen or light. When sugar or gelatin is used
for coating drugs, the chances are that drugs having a great
affinity for water will absorb some of the water from the syrup
or gelatin film. Such moisture absorption may cause sugar coated
tablets to have fissured and mottled surfaces (185). To overcome
such problems, moisture or oxygen resistant protective coating
agents would appear valuable in producing a stable product.
Shellac,nitro-cellulose, acetylcellulose and waxes have been

widely used as coating agents (194) because of their water

resistant properties.

Although protection of tablets from moisture can be completely

obtained by the use of coating agents, the active ingredients may

not be well absorbed from the gastrointestinal tract because of

i thin film coats
incomplete dissolution (167). The use of very

cannot give sufficient protection against moisture.
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In an at t .
attempt to obtain both a good bioavailability profile

and a protective coating, Utsuni and Tda (195, 196) and Ida (137)

synthesized some organic Compounds such as the derivatives of

Polyvinyl pyridine and aminocellulose. These were tested for

use as protective film coating as well as for toxicity and practical
applications.

Film coats have been applied to tablets or pellets in order
to attain certain desired goals such as the masking of unpleasant
taste, the protection of unstable core material against adverse
atmospheric influences, the separation of reactive ingredients,
prolongation or delay of drug release (sustained-action), the
control of the site of release (enteric coat) and the changing of
the physical surface characteristics of the ingredients (7).

In an attempt to improve the stability of a product containing
inter-reactive ingredients, Ball et al. (180) used multilayered
granules which ensured complete separation of the drug and the
reactive species. However, it was observed that reduction of the
moisture content of the product to a level of 0.1% gave a better
stability. Bakan and Sloan (192) used boated particles of aspirin
(microcapsules) and demonstrated the protective ability of the
cellulosic film coat against the adverse effect of chlorpheniramine
maleate. Many reports on film coating of pharmaceutical dosage
forms have centred on drug release (as shown in Chapter 3], the

stability of the coated formulation (195, 313) or the interaction

between drugs (182, 194]). The properties of the polymeric materials

in relation to their permeability to moisture has been studied

(198, 316, 317). In such studies (188) it has been observed that

the factors of importance include the method of film application

which affects the actual rate of permeation and the physical
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properties of the coated material wWhich affects the water vapour

absorption rate. The activation energy of the absorption process

is determined by the type of Tilm forming polymeric material used.
In the study investigating the influence of surfactants on the
permeation across a cellulose acetate phthalate membrane Short and
Rhodes (317) observed that although non-ionic surfactants influenced
permeability they did not interact directly with the membrane. The
choice of film forming materials used in this study was based on
their wide usage and acceptability. Gelatin is extensively used
in microencapsulation and as additive in film and sugar coating
of tablets. Cellulose acetate phthalate and Eudragit L R both
have solubilities dependent on shifts of pH and have been used as
enteric coats and for modified release respectively. Eudragit L R
is claimed (318) to be suitable for the coating of small discrete
particles intended for modified release formulations.

It is the aim of this investigation to explore the barrier
and protective effects of the three film forming polymeric materials
described above on the decomposition of aspirin particles. The

effect of extragranular magnesium stearate is studied and possible

mechanisms of the protective barrier proposed.

5.3.2 Methods

The coating of the discrete particles of aspirin using gelatin,

. R , )
cellulose acetate phthalate and Eudragit L has been described

(Section 2.4.3). In order to assess the guality of the film coat

applied the release patterns were examined as presented in

Section 2.3.3 and in Chapter 3.

The materials used have been described in Section 2.4.1.
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droplets. The samples were stored in a humidity cabinet at 80°C

and 75% relative humidity (Section 2.1.3.2).

5.3.2.1 Analysis Method

Detailed description of the HPLC equipment and analysis

method have been presented in Section 2.2, oy

5.3.2.2 Sample Preparation for HPLC

The contents of the vials sampled were dissolved in methanol,
quantitatively transferred to a 25 ml volumetric flask and made up
to volume with methancl. For the coated particles, the film forming
substances which were insoluble in methanol were filtered off
using 3 p membrane filter$ The resultant filtrate was. diluted
and after adding an internal standard, n-propyl-p-hydroxybenzoate,

was analysed by HPLC.

5.3.3 Results and Discussion

D o,
5.3.3.1 Preliminary Studies at 50 C, 75% RH

Studies carried out et SDOC, 75% relative humidity have
revealed that the film coats of gelatin, cellulose acetate phthalate

and Eudragit L R could be used for reducing the adverse effects

of magnesium stearate on the stability of aspirin in the solid

O o,
: i 5] irin on its own at 50 C, 75%
state. As shown in Figure 38, aspirin

relative humidity degrades very little (about 5% only) in a period
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of seven weeks, Film coats of gelatin and cellulose acetate

phthalate appear to enhance the stability of aspirin

On addition of 1% w/w Mmagnesium stearate, the gelatin film

aspirin samples.

In an earlier report on the stability of cellulose coated
aspirin tablets, salicylic acid wasg observed on the tablet surface
(313). It was further demonstrated that salicylic acid sublimation

could cause appreciable errors when estimating the degree of |

degradation of aspirin. In this study therefore, both aspirin
and salicylic acid were quantified simultaneously but the values
obtained for salicylic acid formed were used as a guide only.

When such values are plotted as shown in Figure 37 it is seen that
the pattern observed for salicylic acid detected does not correspond
to the degree of aspirin degradation; the deviation being obvious
for the coated samples. Concordance in the two profiles can be
expected if one assumes that one mole of aspirin gives a mole of
salicylic acid and acetic acid on decomposition. However, the
decomposition pathway maybe more complex since other reaction
products are formed as shown earlier (Figure 27).

If one compares the results in Figure 36 and those in
Figure 37, it can be seen that salicylic acid detected in the
films is generally higher than for the uncoated samples both with
and without the addition of magnesium stearate; while the
degradation of aspirin is lower for the coated samples than for

uncoated samples. This observation suggests that monitoring of

] B
salicylic acid in stability assays in open systems cannot be

considered reliable. In Figure 37, the coated particles retain
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more salicylic acid than the uncoated particles, probably because

the film coat inhibits sublimation of salicylic acid. These

results are in agreement with those reported by Bakan and Soan
(182) who have shown that Vapourisation of volatile substances

can be given improved protection upon film coating an microencapsulation.

5.3.3.2 The Stability of Coated and Uncoated Aspirin Particles at

0 . '
60°C, 75% RH and the Influence of Magnesium Stearate

In order to reduce the time for an experimental run, a higher
temperature than that previously used was adopted. The results
are shown in Figure 38. The particles of aspirin coated with
gelatin, cellulose acetate phthalate and Eudragit L R show a rapid
initial degradation. Such an initial rapid reaction is clearly
shown by gelatin-coated aspirin. This initial rapid reaction is
probably caused b& moisture entrapped during the coating process
which could not be completely removed during drying (Section 2.4.3).
It is important to note that the same batches of particles were
used as in the previous experiment (Section 5.3.3). The absorption
of moisture may have occurred during normal usage and stofage.
The films used appear to impagt some protection against the adverse
effects of magnesium stearate, in agreement with the results
observed earlier (Section 5.3.3.1J).

It has been shown that changes in melting points rather than

shifts in pH of the adsorbed layer of moisture surrounding the

particles, would appear to be a more plausible explanation for the

observed effects of magnesium stearate and other alkali stearates

on aspirin stability. The film coats as shown in Figures 36 and

38 exert their action mainly through preventing or reducing the

extent of direct contact between aspirin and magnesium stearate.
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The reaction between two kinds of cerystals has been claimed to be
caused by vibrations of the crystal molecules in the space lattice
(50). These

- . C
vibrations Cause initial contact between the two

compounds forming a molecular layer of the reaction product at

the contact surface. The reaction rate was found to be directly

proportional to the magnitude of the initial extent of contact of
reacting solid substances (58), |
Microscopical examination (Figure 39) shows an aspirin crystal
before reaction (Figure 33a) and three days later (Figure 33b),
as well as a érystal mixed with 3% w/w magnesium stearate at day
zero (Figure 3Sc) and three days later at 60°C and 75% relative
humidity. From Figures 39(a-d) it is observed that aspirin on its
own does not show any detectable melting (Figures 3%a & b) while
the crystal mixed with magnesium stearate shows this guite clearly
(Figures 38c & d). Careful examination of the photomicrograph of
aspirin mixed with magnesium stearate after three days at 60°C and
75% relative humidity (Figure 38e) reveals that the magnesium
stearate does not melt if not in contact with the aspirin (dark

view of the top left hand corner in Figure 3Se).

5.3.4 Conclusion

It was observed that gelatin used as a film coat on aspirin

particles is capable of significantly reducing the adverse influences

of magnesium stearate on aspirin degradation. Based on the dissolution

data (Table 3) gelatin film gave the slowest drug release rates

and the protection against decomposition demonstrated may be

o
attributed to the barrier effect of the film coat. At 60°C the

initial degradation rate is observed to be the greatest with the

gelatin coated particles. This can perhaps be expleined by a
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higher moisture uptake during storage or changes in moisture

permeability with an increase in temperature. Eudragit L © and

cellulose acetate phthalate, provide greater protection than

gelatin where no additives are present, but are less effective

relative to gelatin in the presence of 1% w/w magnesium stearate.

When proper storage to prevent moisture absorption into coated
particles is achieved, film coating can be an effective tool in
stabilising and preventing reaction between reactive species as

exemplified by the aspirin - magnesium stearate incompatibility.
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5.4 5Solid State

Stabili cL
ity of Aspirin in the Presence of Mepyramine

—Maleate

5.4.1 Introduction

Chemi . .
emical interactions between two or more drug components

i he sam .
in the same dosage form or between active ingredients and excipients

are known to occur. Such reactions may cause total loss of activity

of one or both of the components or may produce toxic products (5,
7, 158). It has been claimed (164) that aspirin would readily
react with drugs containing amino, phenolic or alcoholic groups.
Transacetylatioﬁ reactions of aspirin in admixture with other drug
subétances have been reported. These include reactions of aspirin
with codeine (158, 158), acetaminophen (163), homatropine (164),
phenylephrine (185) and chlorpheniramine maleate (192). Gentamicin
and carbenicillin have been used in the tréatment of Pseudomonas
infections. Loss of gentamicin activity in the presence of

carbenicillin can probably be attributed to a physicochemical

interaction which would be most likely to occur if the two antibiotics

were physically mixed, such as in iv fluids (5, 7].
Bakan and Sloan (192) showed that the reaction between

aspirin and chlorpheniramine maleate (Figure 40) would be inhibited

if the aspirin particles were microencapsulated. It was therefore

decided that an investigation of the potential interaction between

mepyramine maleate and aspirin would be useful. Mepyramine maleate

BP (307) (Figure 41) or pyrilamine maleate (7) is the hydrogen

maleate of N—4—methoxybenzy1—N’N”‘dimEthyl'N'z‘pyridyI"Ethy19”9

mepyramine maleate is an

diamine. Like chlorpheniramine maleate,

antihistaminic compound, useful for symptomatic relief of a wide

variety of allergic conditions.
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It has b : .
S been shown that physical changes such as melt formation

or dissolution may influence solid state reactions (8, 128, 151

181, 311). Substances which would either lower melting points or

enhance dissolution, would appear to accelerate reactions in the

solid state. Mepyramine maleate has surface active properties
(318). The structural similarity between mepyramine maleate
(Figure 41) and promethazine (Figure 43) is evident by the presence
of both the diphenylmethane nucleus (Figure 42) and an ethylene
diamine side chain. Drugs having the structure as shown in
Figure 42 have surface active properties and have been observed to
form micelles in'aqueous solutions (320). Surface active agents
are known to enhancé dissolution of poorly soluble drugs (167, 321).
In a series of studies on the stability of dry preparations of
thiamine salts, Yamamoto et al. (322-328) showed that the stability
of the thiamine powder preparations was chiefly dependent on the
solubility of the thiamine salt used.

The present study was initiated to determine whether mepyramine
maleate would induce aspirin decomposition, to quantify the kinetics

of the degradation of any such reaction and to elucidate the

possible mechanisms of decomposition and interaction.

5.4.2 Methods
The materials used have been described in Section 2.1.1.

Mixtures of aspirin and mepyramine maleate ranging from 0% w/w to

20% w/w of mepyramine maleate were made. 100.0 mg quantities

were weighed into'glass vials. The procedure for the stability

testing as described in Section 2.1.3.2 was followed.
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5.4.2.1 Analysis Method

Detailed description of the HPLC equipment and the method

of analysis have been presented in Section 2.2. The method was

suitable for assaying aspirin and its degradation products when

mepyramine maleate was present in admixtures with aspirin.

5.4.2.2 Mecisture Determination

The moisture content of the 100.0 mg samples of the mixtures
was determined immediately after preparation and subsequent
determinations were done on samples that had been stored at 60°C
and 75% relative humidity over a period of 7 days. The Karl Fischer

method was used for moisture determination (Section 2.14).

5.4.3 Results and Discussion

Analysis of the stored samples of solid mixtures of aspirin
and mepyramine maleate shows that degradation of aspirin is
enhanced by the addition of mepyramine maleate and that an increase
in the proportion of mepyramine maleate in the solid mixtures,
further increases the rate of degradation. Figure 44 shows the
solid state degradation profiies of aspirin when admixed with
0-20% w/w of mepyramine maleate and stored at 60°C and 75% relative
humidity. There are a number of possible causes for the observed
phenomena, namely a direct reaction between aspirin and mepyramine,
a pH effect, influence on the sorbed moisture layer or melting.

If direct reaction occurs between aspirin and mepyramine maleate,
it is likely that‘equimolar quantities would be involved in the
reaction and if no other factors contributed to the reaction, it

is possible to estimate only a 20% degradation after which the

rate of reaction would be reduced significantly. In this study
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Figure 45, Relationship between
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Figure 468, Moisture absorption
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maleate powder mixtu 5
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however, resi Co.
, sidual aspirin 1n the samples was monitored. It is

hown i i .
shown quantitatively that Mepyramine maleate enhances the degradatiod

of aspirin in the solid state.

Mepyramine maleate is very soluble (302, 3071 (1 g in 0.5 ml
at 2505)' According to Yamamoto et al. [322] hygroscopicity‘of
salts played & significant role in influencing drug stability
through sample moisture uptake. If mepyramine maleate present in
solid mixtures adsorb moisture, it is possible that under the
experimental conditions of EOOC and 75% relative humidity, the
salt absorbs sufficient moisture to dissolve itself. The residual
increased layer of moisture on the aspirin crystals then dissolves
a larger amount of aspirin.

In order to assess whether moisture sorption occurs, the
samples used were tested for moisture content. As shown in
Figure 45, the moisture content was higher with higher proportions
of mepyramine maleate in the solid mixtures. The moisture uptake
was rapid, and equilibrium appeared to be attained within 3 days
as shown in Figure 46. Careful examination of Figures 44 and 45
makes it possible to say that|the observed high rate of degradation
of aspirin in the presence of high proportions of mepyramine maleate
appear to be linked with moisture content. The higher the moisture
content, the higher the amount of aspirin dissolved and the resultant
The degradation of aspirin in a liquid

higher degradation rate.

reaction-product layer model was proposed. To test whether the

reaction was diffusion controlled and whether the reaction occurs

in & liquid-reaction product layer, the data for Figure 44 was

[ T

2
treated by equation 48. Linear relationships between fl - (1 - a) I

and t with slope jﬁ% and zero intercept were obtained for the whole
To

fange of mepyramine maleate concentrations used. Such linear
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relationships are shown on Figure 47, By plotting the logarithm

of the rate constant as mirrorred by the slopes of Figure 47, with

the proportion of mepyramine maleate, a linear relationship was

obtained as shown in Figure 48, The linear relationship obtained

can be described by equation 50,

2K
log(;i;zl = 0.09 W - 3,72 --- Eg. 50

i

2
where 2K/rO the slope of equation 48 as applied to date in

Figure 47

W % amount of mepyramine maleate in the solid mixture

o (correlation coefficient = 0.997)

It was also found that the best correlations were obtained when
the logarithms of the rate constants were plotted against the
reciprocal of moisture content as shown in Figure 43, the linear

relationship obtained can be described by equation 51.

log (2k/rg?) = 0.69 - 3.4/MC --- Eq. 51

where MC = % moisture content of the samples

o (correlation coefficient = 0.992)

The relationship between the moisture content of the samples and
the proportion of mepyramine maleate in the mixture is shown in

Figure 45 and the linear relationship observed {shown in Figure 50)
can be described by eguation 52.

1 --- Eq. 52
< = 1.29 - 0.03 W
MC 1 _

where W and MC have been defined in equations 50 and 51 respectively.

o (correlation coefficient = 0.995)
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Figure 49, Relationship between

and the pooh the logarithm of the rate constant

pProcal of the moisture content.
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When MC in equation 51 is replaceq by W from equation 52

one

obtains equation 50. The direct relationship obtained between

samples.

The results presented S0 far may not be conclusive since it
was shown 1in the study on the degradation of aspirin that increasing
the amount of water in powder mixtures resulted in a higher rate
of reaction. Both Kornblum and Zoglio (297) and Moulding et al.
(298] showed that there was a direct relationship between the rate
of formation of salicylic acid and the amount of water added. The
observed relationship (Figure 49 and equation 51) suggests the
concurrent participation of other factors such as pH, surface active
properties or the formation of a melt.

It has been reported that mepyramine maleate forms a solution
with pH of about 4.7-5.2 (302). 1In our study, the pH values of

solutions ranging from 0.1% to 200% were found to lie between 5.14

and 5.43. Within this range, the degradation of aspirin is

relatively high and according to Edwards (32) the rate of degradation

is independent of changes in pH in that range.

The property of surface activity inherent in antihistamines

and drugs with similar structures (319, 320) implies that the

salt may induce aspirin solubility in the adsorbed moisture layer

through increased wetting or solubilization.

Changes in melting points of pure drugs when mixed with other

drugs has been investigated by Guillory et al. (25) using

differential thermal enalysis. The formation of eutectic mixtures

The relationship

was observed with depreésion of melting points.

168




influence reaction rate,

Microscopic observation of aspirin-

crystals mixed with 10% mepyramine maleate (Figure 51) reveals
the rapid formation of a liquid layer. This observation led to
the use of the model developed for the study of aspirin-magnesium
stearate interaction to evaluate the results obtained.

On the basis of these reports on the melting point depression
and microscopic observation (Figure 51) the melting points of our
mixtures were determined in order to evaluate the influence of
melting on the observed reactions.

The capillary method (Section 2.8) was used to determine
melting points of aspirin and mepyramine maleate as well as that
of their mixtures as used in the stability experiments. It was
observed that aspirin melts at 137.5°C and mepyramine maleate at
103°%C (literature values (302) are 135°C and 99-100°C respectively].
In mixtures of aspirin with mepyramine maleate, rapid melting of

the mepyramine maleate occurred far below the cbserved melting

o)
point of the pure salt. In fact a mean of 76.3 C was observed

for all proportions of mepyramine maleate in the mixtures. The

0 .
mepyramine maleate had melted completely at 100 C leaving the

intact crystals of aspirin clearly visible. Beyond this temperature,

the crystals of aspirin appear to dissolve slowly in the melted

mepyramine maleate. The higher the volume of the melt, the faster

the expected dissolution of aspirin. The aspirin melting point

was also observed to be depressed.
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Figure 52, eltsi . . o )
»E Melting point of aspirin-mepyramine maleate powder mixtures.
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Figure 53, Relationship between the
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A i i .
relationship was Obtained between the proportion of mepyramine

maleate and the apparent depression of melting point and is shown

in Figure 52. If the amount of drug in the liquid layer determines

the rate-of reaction, then equation 49 which relates the rate constant
and the melting temperature, will describe fhe data obtained. By
plotting the logarithm of the slopes of Figure 47 and the reciprocal

of the absolute melting temperature of the mixtures, Figure 53 is

obtained. Eguation 53 describes the line plot obtained.

2k 14109.6
log(}-(;z) = T 8. 38.68 --- Eg. 53
' m

Ty the melting temperature of the mixture

a (correlation coefficient = 0.995)

By comparing equation 53 above and equation 54 which describes a
plot obtained for aspirin-magnesium stearate interaction, one

observes the similar values of slope and intercept.

log(-2K) - 14843.28 44 o --- Eq. 54
r 2 Tm
(@]

o (correlation coefficient = 0.999)

Guillory and Higuchi (132) claimed that the slopes of plots

(Figures 33 and 53) may be related to the values of heat of fusion

of the parent compound.

5.4.4 Conclusions

Aspirin degradation is enhanced by the presence of mepyramine
0 o . . s

maleate in solid mixtures stored at 60°C and 75% relative humidity.
The rate of degradation was shown to be higher the higher

the moisture content, and a linear relationship was obtained between
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the logarithm of the rate constants and the reciprocal of the
moispure content,

A depression in the melting point of aspirin was observed
on addition of mepyramine maleate. It was further shown that the
logarithm of the rate constants and the reciprocal of the absolute
melting temperature of the powder mixtures were directly
proportional.

On the basis of these observations, it is thought that the
participation of both moisture and melt formation are responsible
for the observed degradation of aspirin in the presence of mepyramine
maleate. It was fu?ther shown that the relationship between the
logarithm of the rate constants and the reciprocal of the melting
points of the aspirin-mepyramine maleate powder mixtures (equation 53)
closely resemble the similar relationship obtained with aspirin-
magnesium stearate powder mixtures (equation 54). On the basis of
these similarities, the predominant mechanisms appear to involve
melting of the mepyramine maleate and the resultant dissolution
of the aspirin crystal in the melt. The breskdown of aspirin to
salicylic acid and acetic acid will always require a mole of water
for each mole of aspirin decomposed. Moisture 1s therefore
essential for the reaction to proceed.

It is likely that contact between aspirin and mepyramine
maleate is of great importance in inducing the rapid formation of
a melt. Crystals of mepyramine maleate placed on a microscopic
slide and stored at BOOC, 75% relative humidity do not appear to
change much after bne day or even'after seven days (Figure 54) while
mepyramine maleate crystals in contact with an aspirin crystal

(Ficure 55) are observed to have disappeared after only a single

day.
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T i :
he mechanism therefore proposed for the observed degradation

aspirin dissolves with subsequent decomposition. The role of
moisture may be important as a reagent withAaspirin to form
salicylic acid and acetic acid and may further be responsible for
modifying the reaction pathway since reaction products other than
salicylic acid were not detected in aspirin-mepyramine interactions
while more than six products were observed in the aspirin-magnesium

stearate interaction.

5.5 The Influence of a Film Coat on the Stability of Film Coated

Aspirin Particles in the Presence of Mepyramine Maleate

5.5.1 Introduction

Reports of physical and chemical interactions occurring
between medicinal ingredients and between medicinal ingredients
and excipients in solid dosage forms have been appearing in the
literature with increasing freguency (25).

Pharmaceutical analysts, recognising the fact that inter-
actions within solid dosage forms may be responsible for observed
modifications in therapeutic response have intensified their search
for methods for detecting interactiorns and more so for methods of

preventing their occurrence. Ball et al (180) observed that a

syrup granule formation intended for use in tropical markets, was
found to be insufficiently stable because of an interaction between

the drug and sodium methyl-p-hydroxybenzoate included as a

preservative in the presence of moisture from agueous granulating

process Two approaches to prevent interaction were the use of
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layered granules to Separate the ingredients and the lowering of
molsture content of the drug, excipients and preservativés.

In their study on the microencapsulation of drugs, Bakan and

Sloan (182) observed that drugs normally incompatible when present

in the same environment often can be stabilised by encapsulation
of one or more of the components. The observed improved
stabilization was demonstrated with aspirin and chlorpheniramine
maleate. Lachman (125) stated that the velocity of degradation
of drugs generally increases with increased moisture content, and
that the effect could be significantly reduced by a container
which provides an impervious barrier between the drug product and
environmental factors such as humidity and light. Film coating
of drug substances has been shown to provide such an impervious
barrier with the resultant enhancement of the stability of the
enclosed components (1392, 194 & 195).

In this study, the use of coated particles of aspirin and
their stability in the presence of extragranular mepyramine maleate
is investigated. An attempt is also made to elucidate the reaction

mechanisms involved and to define the kinetics of the degradation.

5.5.2 Methods

The preparation of the coated particles used has been described

in Section 2.4.3. Mixtures of coated particles of aspirin were

mixed with 10% mepyramine maleate. 100.0 mg samples were weighed

into glass vials for stability testing as described in Section 2.1.3.2.

5.5.2.1 Analysis Method

The HPLC technigue described in Section 2.2 was suitable for

assaying aspirin and its degradation products, in the presence of
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mepyrami ,
Py ne maleate and the film coats. Nop interference was observed

in the assay from either the film coats or mepyramine maleate.

5.5.2.2 Orug-Film Coat Interaction

50.0 m1 sélution of 1.0 mg/ml mepyramine maleate was added
to 1.0 g of either gelatin, cellulose aceﬁate phthalate or
Eudragit L R in powder form and the resultant mixtures were
placed in a shaking water bath-at BDDC for a period of 22 hours.
Reference samples were also made by adding 50.0 ml water to 1.0 g
of the film coat substances. Samples were withdrawn at 1, 4 and
22 hours to assay for mepyramine maleate in solution by UV spectro-
photometer at 300 nm (Section 2.3.2). Mepyramine maleate did not

decompose after 22 hours at BDOC.

5.5.3 Results and Discussion

Samples of aspirin and coated aspirin particles admixed with
10% w/w mepyramine maleate, when stored at BOOC, 75% relative
humidity degreded faster than control samples. Mepyramine maleate
therefore appears to enhance the degradation of aspirin in both
coated and uncoated particles.‘ The results in Figure 56 indicate
that film coats of gelatin and cellulose acetate phthalate offer
no protection to aspirin against mepyramine maleate. It is also
important to note that the gelatin film coat offered the best
protection of aspirin against magnesium stearate effects. When
gelatin coated particles were mixed with 10% mepyramine maleate,
the degradation observed was greater than for uncoated particles

similarly treated.

Coated aspirin particles with no additive show a rapid

initial degradation. The cause of the rapid initial degradation
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1s thought to be the inherent moisture in the particlés during

the period of Usage. The added mepyramine maleate may have

intensified the initial rapid degradation, For the initial reaction

rate to be maintained over a longer period, it is important that

a continuous supply of moisture must be available. Since mepyramine
maleate has wetting properties, it is possible that the moisture
permeability may be enhanced. It is also possible that mepyramine
maleate may be adsorbed or absorbed by the film Coét material and
mediate its effects on the adsorbed surface. Mepyramine maleate
that comes in contact with aspirin may preferentially melt and
aspirin may dissolve in the melt formed. All these processes
influence permeation, adsorption or melting and may therefore
increase the rates of degradation.

The influence of surface active agents on film permeation
have been extensi&ely studied (316, 317, 321, 327). The permeation
of a liquid through a polymeric film is said to be enhanced by
wetting. Wetting is the displacement from a surface of one fluid
by another. A wetting agent is a surface active agent (328, 329).
When a liguid on a solid surface remains as a drop it Forﬁs a
definite angle of contact, ¢, Qith the solid surface. Wetting

is therefore achieved by the reduction of the angle of contact.

Surface active agents and drugs which have such properties are

capable aof causing wetting. Wetting is particularly important

when air in a very fine pore or capillary is to be displaced by

penetrating solvent. The rate at which a ligquid penetrates a small

capillary of radius, r, is given by equation 55 (328].

cylindricel
g1 Pre -~ Eg. 55
dt 6nl

distance of penetration

=
T
©
3
©
—
f

P = driving pressure
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N = viscosity

T = time

The driving pressure is €quivalent to the capillary pressure

procuced by the Curved surfaces of the capillary:

P - p =p . 2y cos ¢
- --- Eg. 56

where Pa = atmospheric pressyre
Pi = bressudre just below the meniscus
Y = surface tension

r = radius

¢ = contact angle

Substituting for P in equation 55 leads to:

dl ycosé.r
it T T Rae

From equation 57, an increase in r and ycos¢ will increase the
penetration rate. The increase in viscosity will reduce the
penetration rate. The diffusion release of drugs from polyethylene
tablets used for delayed release (328), was found to be dependent
on the penetration of the solvent into the pores of the tablet.

The contact angle changes were significant and appéared to be
responsible for determining the observed increase in release rate.
In the system studied here, mepyramine maleate would dissolve in
the sorbed moisture, and a solution which easily penetrates the

- - .
film coats is probably formed. The enclosed aspirin is therefore

exposed to the adverse effects of mepyramine meleate.

In the preceding section (Section 5.4), aspirin mixed with

mepyramine maleate was
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Dreferentlally degraded. Both moisture and melting appear to be

requnsible for the observed r;actions. It was further shown that

contact between aspirin and the mepyramine maleate was essential

for a rapid formation of 5 liquid layer. Since the coated particles

were shown (Figures 5-7) to have cracks, fissures and pores, it is
possible for the core aspirin to be exposed to mepyramine maleate
with the resultant formation of a liguid layer and consequent
degradation. However, this process would not account for the
observed higher degradation observed with the film coated particles
when compared to the uncoated par£icles.

Adsorption of drugs onto polymeric materials is known to
occur. In the degrédation of thiamine hydrochloride tabletted
with microcrystalline cellulose (129) it was proposed that the
thiamine dissolves in the water, adsorbed on the microcrystalline
cellulose and that the thiamine present in the monolayer degrades
totally. It was therefore necessary to carry out an investigation
to test whether.mepyramine maleate adsorbs on the polymeric film
forming substances used and the influence of such adsorption on
the rates of reaction. Table 10 shows that mepyramine maleate
strongly adsorbs on the Eudraéit L R film coat and less strongly
on cellulose acetate phthalate and on gelatin. The rate of
degradation of aspirin in the coated particles in the presence of
mepyramine maleate was found to be inversely related to the amount
of mepyramine maleate adsorbed on the film coats. The higher the
adsorption on the film coat, the lower the rate of reaction. Such

results are shown on Table 11. The adsorption appears to stabilise

rather than destabilise the aspirin in the coated particles. The

3 + ' .
adsorbed mepyramine maleate appears not to influence the aspirin

degradation Eudragit L R. with the highest adsorption ratio, gives

the best stability profile for aspirin.
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Table 10

OBSERVED ADSORPTION (OR ABSORPTION OF MEPYRAMINE MALEATE ON THE

FILM FORMING POLYMERIC MATERIALS

Observations Pure solution Added GEL Added EL Added CAP
Assay at 1 hr 1.015 0.833 0.4337 0.761
mg/ml
Assay at 4 hr 1.003 0.804 0.4399 0.615
mg/ml '
Assay at 22 hr 1.017 0.803 0.512 0.673
mg/ml

Mean conc. in water 1.012(.008) 0.815(0.02) 0.504(0.007) 0.683(0.07)

Mean in film 0.0 , 0.197 0.508 0.329
, film (mg) - 0.242 1.008 0.482
Ratio —
water (mg)
GEL = Gelatin
EL = Eudragit L
CAP = Cellulose acetate phthalate

'
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Table 11

THE RELATIONSHIP BETWEEN THE REACTION RATE CONSTANT AND THE

ADSORPTION RATIO OF THE MEPYRAMINE MALEATE ONTO THE FILM COATS:

Type of film coat

Rate constant Adsorption ratio:

2k -1 amount in film
—5 (d
ry ay ) amount in water
GEL coated particles 5,375 x 10 ° 0.242
CAP coated particles 4.838 x 10 ° 0.482
EL coated particles 2,137 x 10°° 1.008
GEL = Gelatin
CAP = Cellulose acetate phthalate
. R
EL = Eudragit L
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5.5.4 Conclusions

Mepyramine. maleate causes @ rapid degradation of aspirin

coated with Eudragit L " , cellulose acetate phthalate and gelatin.

Gelatin and cellulose acetate phthalate film coats appear‘to

cause higher degradation relative to the anoated samples. This
phenomenon was explained by the observed rapid initial degradation
caused by inherent moisture in the coated particles coupled with
the ability of mepyramine maleéte to induce an enhanced moisture

permeability into the film coats. The difference in the rates of

degradation of the film coated aspirin particles in the presence
of 10% w/w mepyramine maleate may be due to the observed differences
in their ability to adsorb mepyramine maleate.

At the present stage of this study it appears that gelatin
and cellulose acetate phthalate cannot be used as film coats
intended to protect against mepyramine maleate induced increase

in decomposition rate.
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5.8 The Effect of Acidic,

Neutral and Basic Additives on the

Stability of Aspirin in the Solid State

5.6.1 Introduction
o skton

Many tablet formulations are designed to provide rapid
dissolution. Examples of such preparations include soluble aspirin
formulations. These formulations utilise a reaction between an
acid such as anhydrous citric acid and a base such as sodium
bicarbonate, which is associated with gas evolution. The turbulance
caused by the evolved gas and the rapid disintegration of the tablet
help to bring about rapid dissolution. Other formulations are
based on reactions which result into a soluble salt of aspirin,
aimed at a higher level of bioavailability. Soluble or effervescent
tablet formulations of aspirin (207, 208) are examples of preparations
which are commercially available. In addition to anhydrous citric
acid and sodium bicarbonate, other additives are used.

It was the aim of this study to investigate the stability of
aspirin in a series of additives. Some of these are not normally
used as tablet excipients but were included so as to give-an insight
into changes observed with common excipients. The effects of
acidic substances such as citric acid, neutral salts like magnesium
chloride and PrecirolR, and basic additives such as the antacids
magnesium trisilicate and magnesium oxide were studied. The

effects of magnesium stearate, a neutral salt which may contain

alkaline impurities (307, 308) were also studied.

5.6.2 Methods
Aspirin powder mixtures containing 2% w/w each of citric

, R
acid, magnesium chloride, glyceryl palmito stearate (Precirol ),
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magnesium trisili . .
licate, magnesium oxide and magnesium stearate were

prepared. 100.0 mg samples were weighed into glass vials as

previously described (Section 2.1,3.2), Samples were analysed by

HPLC (Section 2.2).

5.6.3 Results and Discussion

The degradation of aspirin in the presence of citric acid,
magnesium chloride, Precirol Ru magnesium trisilicate, magnesium
oxide and magnesium stearate is‘shown in Figure 57. 0Only magnesium
stearate i1s observed to induce a rapid degradation of aspirin at
60°C and 75% relative humidity. Under the same conditions, citric
acid, magnesium chloride, magnesium trisilicate, Precirol R and
magnesium oxide show only small influence on the stability of
aspirin.

An interesting observation is the degradation of aspirin in
the presence of magnesium oxide. In the suspension studies, it
was observed that magnesium stearate increased aspirin degradation,
most probably through a change in pH. An increase in pH induced
by magnesium stearate was attributed to impurities present, the
notable impurity being magnesihm oxide. 1In the solid state, 2% w/w
magnesium oxide induces very little degradation of aspirin. This
observation, as well as the solid state degradation of aspirin in

the presence of 1% washed or unwashed magnesium stearate further

confirms that pH does not appear to be a major factor in determining

aspirin degradation in the solid state. Figure 58 shows a trace

for the degradation of aspirin’in the presence of 1% w/w washed
magﬁesium stearate and the effect of 1% w/w unwashed magnesium
stearate. The lack of significant difference in the rates of the

reactions means that both sets of graphical points could be

represented by a single curve.
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Figure 58.
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5.6.4 Conclusion

Aspirin degradation in the solid state is not significantly
influenced by either acidic or basic additives used in this study.
Magnesium stearate induces a rapid degradation of aspirin in the
solid state at 60°C and 75% relative humidity. In section 5.2
magnesium stearate was shown to mediate such rapid degradation of
aspirin through depression of melting point. The other additives
used, citric acid, magnesium chloride, magnesium trisilicate,
Precirol R and magnesium oxide do not appear to depress the melting
point of aspirin at the proportions used. The mechanisms observed
for magnesium stearate-aspirin mixture do not appear to be

responsible for the modest reactions observed with the other

additives.
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5.7

The Stability of Salicylsalicylic Acid (Salsalate) in the

Solid State

5.7.1 Introduction

In Chapter 4, the degradation of salsalate in suspension
systems was studied. It was shown that the rate of reaction was
sensitive to changes in pH. Additives such as magnesium stéarate
increased salsalate decomposition through changes in the pH of the
suspending medium.

In thig section, studies on the stability of salsalate in
the solid state, as well as that of salsalate microcapsules are
described. Since microcapsules are often tabletted or filled into

hard gelatin capsules (167) it is important to study the influence

of lubricants such as magnesium stearate on the stability of such

microencapsulated particles.

5.7.2 Methods

The microencapsulation procedure used for the particles of
salsalate is described in Section 2.5.3.1.

Salsalate or the microencapsulated salsalate powders were
each mixed with 3% w/w of magnesium stearate. 100.0 mg samples of
the mixed powders or of pure control samples were weighed into
glass vials which were then loosely covered with cotton wool to
prevent entry of water droplets; and placed in a humidity cabinet
at BDOC and 75% relative humidity. At predetermined intervals
samples were removed and dissolved in methanol. Tp ensure complete

dissolution of the drug from the microcapsules, the flasks were

placed in an ultrasonic bath for 2-3 minutes. The dissolved samples

were quantitatively transferred to 25 ml volumetric flasks and
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mad : : : ;
ade to volume with methanol. The solutions were finally filtered,

diluted and assayed by HPLC (Section 2.2)

5.7.3 Results ahd Discussion

The decomposition of salsalate in the solid state and in
microcapsules at 680°C angd 75% relative humidity was less than 4%
after 25 days; as shown in Figure 59. This observed modest
degradation, even in the presence of magnesium stearate, appear
to confirm the higher stability of salsalate relative to aspirin,
both in suspension and in the solid state in the presence of
magnesium stearate. Figure 53 further shows the amount of
corresponding salicylic acid detected in the stored samples. The
microcapsules appear to retain a higher proportion of the salicylic
acid formed when compared to the standard powders. This observation
suggests that salicylic acid sublimation may be hindered by the
microcapsule. Takenaka et al. (281]) showed that microcapsules
prepared by gelatin-acacia complex coacervation method had porosity
values of between 0.158 and 0.277. Furthermore, photomicrographs
of the microcapsules under study shows the presence of pores
(Figure 10 in Chapter 3J). Hiéher porosities may lead to higher
moisture contents (330, 331) and may partly explain the observed
rapid initial degradation rate. Microcapsules therefore appear
to be less stable than the uncoated particles, at least initially.

A mixture of salsalate and magnesium stearate did not show any

melting point depression. The observed degradation in the presence

of maegnesium stearate is relatively small and can be rationalised

on the basis of the low moisture content of such mixtures.
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5.8 S { :
ome Ubservations in the Study of Aspirin Decomposition in

the Solid State and the Influence of Additives

5.8.1 Introduction

In the solid state decomposition of aspirin in the presence
of additives, observations which should be taken into account during
the setting up of stability testing programmes were made:

al Loss in sample weight accompanied by decomposition.

b) A number of degradation products which could not be
detected when aspirin degraded in suspensions, were observed in

its solid state decomposition in the presence of magnesium stearate.

5.8.2 Loss in Sample Weight

At the time of assay, the vials removed from the humidity
cabinet were weighed, and after dissolving the sample in methanol,
the clean dry vials were re-weighed. The difference in weights
gives the weight of the sample at the time of assay. Since the
sample weights were initially 100.D mg the weight changes could
therefore be calculated. Some initial weight gain in the samples
was expected as a result of moisture uptake. Invariably however,
all samples of aspirin alone or in combination with magnesium
stearate or mepyramine maleate showed significant losses in weight.
These losses increased as decomposition of aspirin increased. The
loss in weight profiles in samples of aspirin mixed with magnesium
stearate ranging from 0.1% w/w to 5% w/w are shown in Figure é&.
The loss in weight was paralleled by a loss in aspirin content
(Figures 60 and 61) and by an increase in salicylib acid content
When the weight losses were plotted ageinst changes

(Figure 62).

in aspirin, a lineer relationship wes obtained between percentage
’
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loss in . ;
sample weight and the percentage aspirin degraded (Figure 63).

This relationship can be described by equation 58:

W=0.25A-1.4 e 5

H

where W = % loss in sample weight

A = % aspirin degraded (100 - % aspirin remaining)

The loss in weight accompanying aspirin decomposition means
that sampling from bulk powders in solid state stability would
introduce significant errors. It is also a common practice in
assays for téblets, to crush a number of tablets and take a weighed
powder sample for assay. If during storage, significant weight
losses occur, powder samples obtained at various stages of the
decomposition will not give the true extent of degradation. In
Figure 63 the loss in weight was not detected until about 5%
degradation of aspirin had occurred. It is thought that moisture
adsorption during the initial stages of storage, masks any loss
in weight. The percentage salicylic acid detected (Figure 63) does
not appear to vary linearly with the extent of aspirin degradation.
In this study, open systems were used and the lack of linearity
can be explained by the loss in weight arising from salicylic acid
sublimation. No study has been done to relate the amount of
salicylic acid formed to the extent of aspirin decomposition in
the solid state in closed systems. Absolute values of aspirin
content cannot be obtained by measuring salicylic acid alone

because of the proven concurrent formation of other degradation

products during the degradation of aspirin.

5.8.3 Reaction Products of Aspirin

The HPLC column used (Section 2.2) was capable of resolving
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Figure 62. Sali : -
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a number of reaction products in samples of asbirin degrading in

the presence of magnesium stearate. In this study an attempt to

identify the products was made. The usefulness of HPLC in product

identification is discussed.

5.8.3.1 Methods

A sample of degraded aspirin was injected into the HPLC
column and the peak heights of the traces were measured at 285 nm.
The same sample was re-injected and the analysis done at wavelengths
varying between 260 nm to 300 nm. Using 285 nm as the baseline,
a peak height ratio for each wavelength of analysis was then
calculated. Similagly a standard mixture of aspirin, salicylic
acid, acetylsalicylsalicylic acid and salicylsalicylic acid were
analysed. By plotting the peak height ratios against the wavelength,

a trace similar to a UV is obtained for each of the products.

5.8.3.2 Results and Discussion

Figure 64 shows the traces obtained using authentic specimens
{continuous line) and the ratios obtained with the decomposition
products (points on the curveg). It can be seen that there was a
good degree of superimposition between the authentic speciments
and the unknown decomposition products with the same retention

times. From the traces in Figure 64, it appears that in addition

to aspirin and salicylic acid, acetylsalicylsalicylic acid and

salicylsalicylic acid were also present in degraded samples of

aspirin Figure 65 shows the peak height ratio-wavelength plots

for some other unidentified degradation products. Figure 66 is the

superimposition of Figures 64 and 65, prepared in order to give a

] i d number of the degradation
complete insight into the complexity and n
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products of aspirin.

The high absorbances of the decomposition products clearly
show that an ultra-violet Spectrophotometry assay is unsuitable
for following aspirin decomposition in oyur system unless prior

separation of the products is obtained.
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5.9 Conclusion

I i . . .
_ n this chapter, the staplllty of aspirin in the solid state

and the influence of film coating ang additives was studied. Both

magnesi i
g um stearate and mepyramine maleate induce rapid degradation

of aspirin in the solid state. The kinetics of aspirin decomposition

in the presence of the additives appear to take place in a liquid
layer in a diffusion controlled step. The formation of & liquid
phase was demonstrated in both aspirin-magnesium stearate and
aspirin-mepyramine maleate mixtures as shown in Figure 67. Photo-
micrographs (Figure 68) show aspirin crystals after storage at
SOOCf 75% relative humidity for 15 weeks (Figure 68a) and aspirin
+ 1% w/w magnesium étearate after similar storage (Figure 68b).
It is clearly shown that on addition of 1% w/w magnesium stearate
;-
to aspirin crystals, reaction occurs, which involves the destruction
of aspirin crystal structure. The intact crystals (Figure 68a),
when re-examined after being stored for 15 weeks, at 50°C and 75%
relative humidity (Figure 69b) show obvious but relatively modest
surface changes. These modest changes (Figure éQ) appear to
correspond with the small degree of degradation observed for
aspirin alone, while the more intense changes (Figure 68) appear
to explain the rapid degradation of aspirin induced by the presence
of magnesium stearate.

These changes (observed in Figures 67, 68 and 68) which

include the formation of a liquid phase, appear to be the main

factors responsible for the reactions observed.
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CHAPTER 6

GENERAL DISCUSSION AND SUMMARY




CHAPTER 8

General Discussion and Summary

The chemical stability of solids and solid dosage forms is
influenced by a number of physical processes exemplified by
dissolution, melting or vaporisation which facilitate mass transfer.
An explanation for the observed reactions has to take the physical
processes involved into account. Examples of reactions which have
been explained with special emphasis on the physicél processes
involved will be examined in order to justify the proposed mechanisms
given in this thesis.

In studying the aspirin-magnesium stearate interaction, the
formation of a melt was observed. By microscopic examination
contact between the aspirin and the magnesium stearate particles
was observed to be essential to initiate melting. It was further
shown that an incéease in the proportion of magnei&um stearate in
the aspirin-magnesium stearate powder mixtures, lowers the melting
point of the mixture and increases the reaction rate. The reaction
rate constants were shown to be related to the melting points of
the mixtures. The increase in reaction rate is due to an increased
amount of drug in the melt, which degrades faster than the solid

drug (311). The mechanism proposed takes into account the melt

and the diffusional barrier formed. The observation that a number

of reaction products are formed during aspirin decomposition in

the solid state suggests that the reaction 1s more complex.

Salicylsalicylic acid and acetylsalicylsalicylic acid are two of

the decomposition products which have been identified. The

salicylsalicylic

i i id i f nesium stearate. Storage
of salicylic acid in the presence 07 Mag

of a 1:1 mixture of salicylic acid and magnesium stearate however
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fail .
alled to produce the bimolecular ester detected when aspirin

was used.

The degradation of aspirin in the presence of mepyramine

maleate was also explained on the basis of the formation of a

liquid reaction layer. Microscopic examination of mepyramine

maleate and aspirin-mepyramine maleate powder mixtures indicated

o

that contact between the aspirin and mepyramine maleate particles
was again essential for initiating rapid formation of a liquid
layer. It was further demonstrated that an increase in the
proportion of mepyramine maleate in the admixtures lead to a more
rapid moisture uptake, a lower melting point and a higher reaction
rate. All these processes contribute to increasing the amount of
drug in the ligquid layer. The logarithm of the rate constants
(obtained by the use of eqguation 48) was inQersely related to the
reciprocal of the moisture content and directly proportional to
the reciprocal of the absolute melting points of the powder
mixtures. The linear relationship observed between the logarithm
of the decomposition rate constant of aspirin and the reciprocal
of the absolute melting point observed with aspirin-magnesium
stearate mixtures was also seén with the mepyramine maleate-

This similerity is demonstrated by the

aspirin combination.

3 3
equations obtained (equations 5% and 5%). The slopes and intercepts

of the equations were similar. The absence of multiple reaction

products for aspirin-mepyramine maleate in contrast to observations

made with aspirin—magnesium stearate mixtures suggests a difference

in the reaction pathways. The overall loss of aspirin however

followed similar kinetics.

The role of a film coat as a barrier when applied to discrete

particles was found to be influenced by the type of additive
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resent : .
P nt in the mixture. Gelatin, for example, stabilised aspirin

poorly. The observed relative.instability is thought to be-due

to sortbed moisture during the period of storage and use. When
magnesium stearate was added ?o gelatin coated aspirin particles,
significant degradation was observed but relative to the other
films, it appears to be the best in inhibiting the adverse effects
of the lubricant. The observed inhibition was explained in terms
of the film acting as a good barrier, to prevent or reduce
extensive contact between aspirin and magnesium stearate.

When mepyramine maleate was added to coated aspirin particles,
a different pattern to that observed with magnesium stearate was
obtained. Gelatin for example, was poorest in protecting aspirin
against the adverse effects of mepyramine maleate when compared
to the other films used. Three known properties of mepyramine
maleate namely:

a) High solubility

b) Formation of solutions with pH 5

c) Surface activity.

may help to explain the observed phenomena. The increased moisture

content of aspirin in the presence of mepyramine maleate means a

higher proportion of the analgesic in solution. The surfactant

solution formed would enhance the permation of the dissolved drug

through the film coat into the core. The observed increase in

decomposition of the aspirin particles coated with gelatin relative

to the uncoated samples was attributed to a more rapid initial

degradation. It was further observed in these studies that

te is strongly adsorbed or absorbed by the film

mepyramine malea

forming substances used. The rate of reaction of the coated

particles in the presence of mepyramine maleate was found to be
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inversel
y related to the degree of drug uptake by the polymeric

subst . : i
ances Gelatin coated particles which showed the highest

degradation were found to have a low uptake ratio, while Eudragit L R

coated particles which exerted an apparent stabilization (low

reaction rate constant) relative to uncoated samples was found to

take up much more mepyramine maleate. The adsorption/absorption

appears to reduce the adverse effects of mepyramine maleate on
aspirin. The sorption process reduces the effective amount of
mepyramine maleate in solution, which would consequently reduce

the amount of dissolved aspirin with the resultant lower rate of

reaction.

The decomposition of aspirin in the presence of citric acid,
magnesium chloride, Precirol R, magnesium oxide, magnesium trisilicate
and magnesium stearate were studied, in an attempt to rationalise
the effect of pH changes, induced by excipients, on aspirin
decompaosition in the solid state. In solution and suspension
studies, magnesium stearate exerted a large adverse effect on the
degradation of aspirin and salsalate. The observed adverse effects
of magnesium stearate have been explained in terms of the presence
of magnesium oxide, an impurit& of which is claimed to mediate
its effects through changes in pH. The use of magnesium oxide as
an additive in the stability of aspirin in the solid state was

done in order to see whether changes observed in suspension systems

were paralleled by those seen in the solid state. The relatively

2% w/w

modest degradation observed when aspirin was mixed with

magnesium oxide showed that this was not so. Clearly then magnesium

stearate does not increase aspirin decomposition solely because

impurities present in it alter the pH of the moisture layers

The evidence gathered in fact

surrounding the aspirin particles.

shows that this parameter is relatively unimportant.
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In the ;
solid state, the decomposition of salsalate was much

slower than i ri .
an aspirin, even in the presence of magnesium stearate.

No melting was observed. The higher degradation observed with

the microcapsulgs with or without magnesium stearate, was
attributed to a higher initial moisture content in the microcapsule
coats and to a higher moisture uptake relative to the uncoated
drug during the stability studied carried out at high humidity.
With gelatin, the proportion of coat material in thé microcapsules
was about 45% in contrast to the 3% found with pan coated particles.
In this study the formation of a liquid layer was demonstrated
in both aspirin-magnesium stearate and aspirin-mepyramine maleate
powder mixtures stored at BOOC and 75% relative humidity. Reactions
usually are carried out at temperatures far below the melting
temperatures of the reactants. Tamman (333) observed that sintering
among reacting substances may occur at temperatures as low as
0.57 Tm where Tm is the absolute melting temperature of the pure
cémponents. A careful check of the reaction temperatures at which
the work of Jander was performed, and the melting points of the
substances involved show that sintering temperatures were'obtained
(Table 12). On addition of maénesium stearate to aspirin samples,
the melting point of the mixture is lowered, to an extent which

was proportional to the amount of magnesium stearate in the powder

mixtures as shown in Table 13.

The lowering of melting points of pure substances by impurities

has been explained by Vogel (334). At the melting point of a

pure substance, both the solid form and the liquid melt co-exist

in an equilibrium at atmospheric pressure. On addition of a small

gquantity of impurity, it will dissolve in the melt and lower the

ure substance, which will then pass into

vapour pressure of the p
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Table 12

MATERIALS AND TEMPERATURES USED BY JANDER (77) TO INVESTIGATE THE

KINETICS OF SOLID-SOLID REACTIONS

Materials MeltigE Point TeEEZiziﬁzes Tzig;igizie
o¢ o
Calcium Carbonate 1339 . 800-8390 7845.8
Barium Carbonate 1740 800-830 874.4
Calcium Silicate 1604 800-830 786.9

Barium Silicate 1540 800-890 760.4

*OC This temperature is calculated as follows:

Oc* = (Melting Temp + 273) % x 0.57 = °T - 273

These are products as a result of reaction of CaCO3 and

BaCO3 with 8102
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Table 13

MELTING POINTS OF ASPIRIN AND MIXTURES OF ASPIRIN WITH METALLIC

STEARATES
Substance Melting Point*
Pure Aspirin 137.5
Aspirin + 1% Magnesium Stearate 121.5
Aspirin + 2% Magnesium Stearate 118
Aspirin + 3% Magnesium Stearate 116
Aspirin + 5% Magnesium Stearate 113
Aspirin + 3% Aluminium Stearate 134
Aspirin + 3% Zinc Stearate 130
Aspirin + 3% Sodium Stearate 129
Aspirin + 3% Calcium Stearate 118

*Determined by the Capillary Method
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the liquid :
q phase, if the temperature is maintained constant. If

no heat 1 i
1S supplied to such a System, the melting process will

lower the temperature. The temperature falls to a new equilibrium

where both the liguid and the solid co-exist. With a further

addition of an impurity the temperature is further lowered, since

a solid with a given vapour pressure cannot co-exist with a liquid

phase of lower vapour pressure. Impurities therefore alter the

melting of pure substances by lowering the vapour pressure of the
liquid phase of the pure substance. The melting point attains a
limiting temperature known as the eutectic point, below which both
pure substance and an added impurity exist as solids. The solid
mixture is known as a eutectic mixture and consists of definite
quantities of the components which melts and freezes as a pure
substance; at a definite temperature, the eutectic temperature.

A eutectic mixture is not a definite chemicaltcompound but an
intimate mechanical mixture or conglomerate of the two solid

components.

In studying interactions between pharmaceutical compounds

by differential thermal analysis, Guillory et al. (25) observed

.

that pure compounds which do not exhibit polymorphism or are not

solvates and do not decompose prior to melting exhibit a single

endothermic peak corresponding to fusion temperature. The

resolidified melt of a binary mixture corresponding to the eutectic

composition will also exhibit a single peak. Other binary mixtures

will typically exhibit more than one peak, and as a rule two peaks

are observed, the first corresponding to the eutectic melting

temperature at which complete liguefaction occurs. Data presented

that phenacetin—phenobarbital, acetaminophen-

by the authors show

phenobarbital and aspirin—phenobarbital mixtures form eutectic
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mixtures. The aspirin- . i : ,
PIrinTmagnesium stearate powder mixtures Used in

this study show an initial endothermic peak at 75°¢ correspondi
\ding

to the eutectic melting temperature. The use of differential

thermal analysis for screening for incompatibilities appears
suitable not only for binary mixtures but also for more complex
finished dosage forms.

The kinetic equations reported in the literature have either
been based on observed phenomena or developed empirically. A
summary of some of the kinetic equations which have been reported
to explain reactions in the solid state is presented in Table 14.
The diversity of the kinetic equations probably reflect the complex
nature of reactions in the solid state. In most of the equations
presented in Table 14, the degradation has been expressed as a
fraction of drug decomposed, o. Most of the eguations however are
only applicable for small values of o. This problem has led to
the development of a relatively large number of equations to
describe the kinetics of solid state reactions. Many modifications
of the Jander's equation (84-89) further illustrate the problems
associated with the development and application of kinetic equations

used in describing solid state decomposition.

To conclude, the more notable aspects of the present study

are:
(i) The development of an HPLC assay for aspirin, salsalate
and their degradation products.

(ii) The development of eguations for describing the kinetics

of degradation of aspirin in the solid state in the presence of

magnesium stearate (excipient) and mepyramine maleate (drugl.

(iii) Investigatien of the problems associated with film

coating of powders and the effect of additives on such film-coated

particles.
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(iv) The i :
€ 1nterpretation of the effect of additives on the
rate of decomposition of aspirin in the solid state, in terms of

physico-chemical processes such as melting and dissolution

(v) The detection, identification and quantitation of some

of the observed degradation products of aspirin in the solid state

in the presence of magnesium stearate.

(vi) The correlation of weight losses with the extent of

aspirin degradation.

Suggestions for Further Work

The results reported in this thesis, support an earlier
observation (172) that magnesium stearate increases the degradation
of aspifin in the solid state. The mechanism for the observed
degradation of aspirin in the presence of calcium and magnesium
stearates in tablets stressed at 45°C for four weeks were not
discussed. It would therefore be interesting to study whether
the lowering of melting point also controls the degradation at

lower temperatures.

An investigation into different methods of coating, to see

+

whether it is possible to reduce particle agglomeration would also

be worthwhile.

The use of differential thermal analysis as a technique for

screening for possible drug-drug or drug-excipient interactions

offers exciting possibilities.
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Table 14

SOME KINETIC EQUATIONS OF SOLID STATE éEACTIDNS

EQUATION ' : ’
S THEORY NAME OR .
REFERENCE
1 ® :
1. [1-(1-a) /312 = 2k
= t AdVanpe(JFInterface Jander Egquation
To .. by Diffusion Ref. 77
R VA 2kD
l[l “a) /3 t ='*j§t " as Jander _ Zhuravlev, Lesokhin
T'o and Tempelman
Ref. B85
/a2 .
3. [1-1(1- 314 =
1 (1-0a) | 22 Int as Jander Kroger & Ziegler
e : Ref. 84
4. 1-20-(1- ot)z’3 = 2kDt
3 ) as Jander Ginstling & Brown-
0 : shtein, Ref. 86
2
5., Z-(2-1)(1-a)/3 -|1+(2 +l)u12&3 as Jander Carter
= 2kD(2-1) ¢ Ref. 87
roz
1/5 2 )
6 l[l +a) -1]° = 2kD ¢ "Counter Diffusion” Komatsu & Uemura
ro2 Ref. 88
7. da = k(1 —a)l/a/ll - (1 —a]l/Bl as Jander Pozin & Ginstling
dt Ref. 118
8. da = k(1 —a)l/3 Rate Law Pozin & Ginstling
dt Ref. 119
g. kt =1 - (1 -u)l/B Geometrical Cizmaru & Vass
Ref. 113
2/ 1
10. da = kla-al 3 /0y Empirical Hoffman & Patai
dt devoloped Empirically Ref. 336
11. In(l -x) = Kt First Order o Tzentnershver &
developed Empirically Boruzs, Ref. 111
Also Nucleation Mampel, Ref. 110
(Unimolecular decay)
= Initially Empiricel Prout & Tompkins
be- loe ] ? " Then based on Ref. 107
% Nucleation
n Nucleation Avrami
13. Bt = _ ot Ref. 101-103
1'Gt
cont'd. ...
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Table 14 cont'd:

Fick's Laws
of Diffusion

Sorbed moisture
layer theory

Advance of
Interface

‘EQUATIDN THEQRY NAME OR
REFERENCE
MLl L '

: Empirical Hasegawa et al.

: Ref. 145

Nucleation Kawakita

Ref. 147
Nucleation Avrami-Erofeev

Ref. Galwey (38)
Johansaon-Mehl-Avrami-
Erofeev-Koglomorov
after the authors.

Ref. Sestak (30
Dunwald-Wagner Equation
Ref. 89.

Leeson & Mattoks
Ref. 124

Rastogi et al

Ref. 140, 141




APPENDIX 1

Proportions of Magnesium §

pirin in the Presence of Different
tearate at 600C, 75% RN

MS = Magnesium

223

% DAYS
MS Parameters ‘
0 1 2 3 4
% A. Remaining 100.0 gg :
% A. Do dod .01 84.82 92.51 93.67
0.0 o &y 0cereded 0.0 1.88 5.8 7.43 5.33
. veient s A~ 0.02 0.25 0.34 0.43 0,29
s Weight Loss 0 0.05 0.6 0.1 0.4
% A. Remaining 100.0 91.36 67.80 67.46 89.83
g.1 »A. Degraded 0.0  8.84 12.20 12.52 10.17
s Salicylic A 0.02 0.45 0.42 0.52 0.44
% Welghﬁ Loss 0.0 0.1 1.2 0.9 1.4
? A. Remaining 100.0 95.67 B85.36 85.55 85.89
0.3 f A. ?egraded 0.0 4,33 14.04 14.45 14.11
% Salicylic A 0.02 0.57 0.81 0.77 0.73
% Weight Loss 0.0 0.6 1.8 2.3 2.3
% A. Remaining 100.0 89.539 82.29 80.39 83.21
0.5 % A. Degraded 0.0 10.41 17.71 189.01 16.78
! % Salicylic A 0.02 0.65 0.75 0.88 0.86
% Weight Loss 0.0 0.5 2.5 2.8 3.0
% A. Remaining 100.0 84.12 80.17 76.53 76.72
1.0 % A. Degraded 0.0 15.88 19.83 23.47 23.28
) % Salicylic A 0.02 0.98 1.02 1.21 1.11
% Weight Loss 0.0 1.7 3.1 4.5 4.7
% A. Remaining 100.0 74.92 68.43 65.18 65.77
2.0 % A. Degraded 0.0 25.08 31.57 34.82 34.23
) % Salicylic A 0.02 1.39 1.64 2.14 2.30
% Welght Loss 0.0 3.0 5.5 6.9 7.8
% A. Remaining 100.0 71.32 64.71 60.25 59.81
% A. Degraded 0.0 28,88 35.29 38.75 40.18
3.0 4 salieylic A 0.02 1.84 2.08  2.48 2.77
% Weight Loss 0.0 3.6 8.6 83 8.7
% A. Remaining 100.0 59.66 54.96 48.74 44.60
% A. Dograded 0.0 40,34 45.04 50.26 55.32
5.0 ¢ sa1icylic A 0.02 2.44 3.08 3.58 3.29
% Weight Loss 0.0 6.8 8.8 10.8  12.
Stearate




APPENDIX 2

Slope .
Powder Mixtures 2k/r92 log(slope) +4 Méltiﬂg BT (k!
x 10-4 Point ©C 4
x 10

Pure Aspirin 1.34 0.127 137.5 24,361
Asp + 1% MgS 30.80 1.489 121.5 25.349
Asp + 2% MgS 76.34 1.883 118.0 25.575
Asp + 3% Mg$S 112.80 2.053 116.0 25.707
Asp + 5% MgS 264.60 2.423 113.0 25.907
Asp + 3% AlS 3.23 0.509 134.3 24.552
Asp + 3% ZnS 3.31 0.520 130.1 24.808
Asp + 3% NaS 7.25 0.860 129.0 24,876
Asp + 3% CaS 69.80 1.844 118.3 25.556
Asp + 3% MgS 108.43 2.035 116.8 25.656
Asp + 5% MEP 5,73 0.758 130.2 24,802
Asp + 10% MEP 16.14 1.208 124.7 25.145
Asp + 15% MEP 33.82 1.528 121.7 25.336
Asp + 20% MEP 108.58 2.036 117.3 25.621

MgS Magnesium Stearate

AlS Aluminium Stearate

ZnsS Zinc Stearate

Na$S Sodium Stearate

CaS Calcium Stearate

MEP Mepyramine Maleate

Asp Aspirin'
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APPENDIX 3

Effect of Ionic Strength on Degradation of Salsalate Suspension

(in buffer pH 4.0) at 50°C

(u) U% Kq M/n/1/hr Log

Ionic Strength (Rate Constant)  (k, + 2) 28 Ko
0.157 0.396 ~  0.1784 1.251 -0.749
0.20 0.447 0.1674 1.214  -0.776
0.30 0.548 0.1446 1.160  -0.840
0.50 0.707 0.1226 1.088  -0.912
0.8 0.894 0.0363 0.987  -1.014
1.0 1.00 0.0915 0.961 -1.039
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APPENDIX 4

Observed Moisture Content in Aspirin-Mepyramine Maleate Powder Mixtures

% MEP  Moisture Content 1/mc Rote Constant ] Log Rate
C 2K/r02 Log Rate 3
0 0.78 (0.03) 1.28  0.173 x 10°° -3.762 -0.762
5 0.86 (0.03) 1,16 0.573 x 10°° -3.242 -0.242
10 0.94 (0.04) 1,06 1.614 x 10 ° -2.792 0.208
15 1.07 (0.05) 0.93 3.382 x 10°° -2.471 0.529
20 1.32 (0.03) 0.76 10.859 x 10 ° -1.964 1.036
MEP = Mepyramine maleate

I

MC Moisture Content
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Solubilities ang Melting Points of Some of the Substances Used in

APPENDIX 5

the Stability Studies

Substances

Solubility Melting Point Values of M.pt

g/1 oc or Solubility References
Determined
Aspirin 3.3 135 137.5°C 302
Magnesium Stearate 0.03 86-88 113°C Unwashed 306
959C Washed
Calcium Stearate 0.04 147-149 160°C 302, 306
179-180
Sodium Stearate 5.0 - Charres on 305
heating to reddish
brown colour
+ 0
Zinc Stearate Insoluble 120 - 1247C 302
130 3086
0
Aluminium Stearate Insoluble 103 180°C 302
117-120 306
' 0
Mepyramine Maleate 2500.0 99-101 103°C 302
)
Salsalate 0.17 148 0.1 g/1 (at 3770 304
a)
302
Acetyl salicyl- Insoluble 152 159°C
salicylic acid 153
- 302
Magnesium oxide Insoluble 2800.0 206
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