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ABSTRACT

The influence of W radiation (366nm on the
stability of proguanil hydrochloride and pyrinmetham ne
sul phate in tablet fornulations and in phosphate
buffer solutions of different pH val ues has been
evaluated in the present study, W spectroscopic
met hod for estimating drug content in the various
dosage forns was enployed. The effect of pH on the
W spectrum of the drugs was investigated» The
i nfl uence of reaction vessel and pH on the irradiated
phosphate buffer solutions was al so studied,

In-vitro dissolution rate studies of the drugs
were carried out including those tablets that had
been subjected to W irradiation

The WV spectrum of proguani|l hydrochloride was
found to be stable at pH val ues above 2.0 in phosphate
buffer solutions. Below pH 2,0 the spectral peak at
232nm di sappeared while the peak at 253nm flattened
out giving a plateau.

Proguani | hydrochloride was found to enter into
phot ochem cal reaction in phosphate buffer solution
when subjected to continuous W irradiation at 366nm
Evi dence of photochem cal reaction was shown by |oss
of spectral peaks in phosphate buffer, appearance of
a precipitate, colour change of solution, spectra
shift and increase in absorbance of the irradiated
solution. The photochem cal reaction was found to be

influenced by the pH of the solution and the type of

(vi)



gl assware in which the reaction was perforned.
Assay of irradiated proguanil hydrochloride tablets
indicated loss of drug content with tine.

Di ssolution rate studies of the irradiated tablets
showed decrease in dissolution rate: with time

The WV spectrum of pyrinetham ne sul phate remai ned
stable at different Values. Pyrinmetham ne sul phate
appeared not to readily enter into photochem ca
reaction. The fornulations used showed signs of
degradati on by col our change of tablets but there was
no |loss of drug content on assay.

The dissolution rate of the irradiated pyrinmetham ne
tablets produced by Wellcome N g. Ltd. increased with
time in phosphate buffer solution pH 4.5 while the
di ssolution rate of irradiated pyrinetham ne tablets
produced by Quality Control Unit A.B.U. Zaria decreased
with tine in phosphate buffer solution pH 4.5. This
di fference observed in the dissolution rates of the
formul ations has been attributed to the influence of
the different excipients used by the different

manuf act ur ers.
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1:1 EFFECT OF ULTR/. VIOLET RADIATION ON THE
STABLLITY OF PROGUANLL AND PYRIMETHAMINE

INTRODUCTION

One of the most important censiderations in the
formulation of a pharmaccutical dosage form is its
stability. The stability of a drug is concerned with
the preservation of the characteristics of the drug,
A drug 1s considered adulterated if it does not meet
the quality and purity characteristics that it is
represented to possess. Schou (1959) defined the
stability of a pharmaccutical preparation as the
period of time from the completion of the preparation
until 1t no longer fulfils the established specifications.
Grimshow (1963) also defined the stability of a drug
as the time from the completion of the preparation
until the development of an offwodour or off-colour
to a point where the article is no longer commercially
acceptable,

Stability tests arc mandatory as a mecans of
assessing quality assurance of a preoduct. Quality
assurance of product does not stop at the release of
the product, therefore it is extremely 1hportant that
the pharmaceutical manufacturer accurately identifies
the tendencies of a dosage form to deteriornte with
age and environmental conditions by carrying out
stability testing. Those aspects of fermulation
directly concerned with the components used to

prepare the pharmaceuticnls must be fully understood.
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The effect of the container on the product and
conversely the effect of product upon the container
must be considered., There should be no gross
deterioration and any decomposition product must be

harmless.

With this knowledge, thc manufacturer should be
able to predict the shelf=life of his product thus
ensuring the safety of the consumer.

Another need for stability testing of pharmaceutical
preparations is to maintain sales because a deterlorated
product is ncot the best advertisement for the manufacturer,

Instabllity of a pharmaceutical preparation can be
chemical or physical. Because of the multiplicity of
ingredlients in most preparations, there exists the
possibility of interactions taking place as well as
different degradative characteristics. The decomposition
of actlive ingredients can occur through hydreolysis,
oxidation-reduction reacticns, racemization, photolysis,
decarboxylation and ring cleavage. Hydrolysis and
oxidation-reduction reactions are most frequently
encountered., The factors that affect the rate of these
reactions include heat, light, oxygen, moisture and pH.

Hydrolysis

Pharmaceuticals containing ester or amide
functional groups are hydrolysed in solution. These
include antibiotics, vitamins and anaesthetics.

Esters are hydrolysed into acid and alcchol by

fission of the acyl-oxygen linkage the reaction often



being catalyzed by substances like mineral aclds and
alkalies.

Since a number of drugs degrade through ester
hydrolysis, methods to enhance stability of such
compounds have been under study. Factors considered
include pH, solvent, complexation and modification of

chemical structure.

Oxidation - Reduction

The oxidative decomposition of pharmaceuticals is
a reaction coften mediated by dree radicals or molecular
oxygen. It can be catalyzed by heavy metals, hydrogen
ion and hydroxyl iocn because redox potential is pH
dependent for many reactions. Pharmaceuticals that
undergo oxldative reacticns are generally in the
reduced form and minimum decomposition is usually
found in the pH range of 3 and 4. In mest oxidative
reactions the rate 1ls proportional to the concentration
of the oxidizing molecule but sometimes it may be
independent of the concentration of oxygen in auto-
oxidation. The oxidation of unsaturated fats and oils
proceed in the presence of atmosphcric oxygen according
to a free radical chaln rcaction (Rawlings 1977). Fat
soluble vitamins are particularly affected including
vitamlins A and D so much that most pharmacopoecas
permit the addition of antioxidants to such compounds.
Prednisolone, morphine, epinephrine are examples of drugs

that undergo oxidatlive decomposition.



The stability of pharmaceuticals undergoing
oxidative degradaticn can be increased by
(1) reduction of oxyaen concentration through
beiling, filtering, carbon dioxide and nitrogen

purging.

(11) Addition of antioxidants and chelating agents.
An antioxidant provides a hydrogen atom or an
electren to the free radical, while a chelating
agent complexes with trace amounts of heavy
metal  ions 1nactivating their catalytic activity.
(1i1) It is essentisl to determine pH of maximum
stability and to buffer the solution containing
ingredients that are readily oxidized to a pH

in the acid range.

Photelysis

Degradative reactions such as reduction -
oxidotion, ring rearrangement or modification and
pelymerization can be brought abeut by exposure to
light at particular wavelength. The energy absorbed
per mole is greater the shorter th wave-=length of
light therefore the ultraviclet portion of the light
spectrum are more active in initiating chemical
reoctions than longer wavelength postions of the
spectrum.

In systems that are photolyzed, the products are
free radicals which under~n subsc, _ reactions. If
the molecules absorbing the radiation take part in the

main recaction, i: is saild tc be a phc.~rhemical waaction.
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The Rimetics. &f photochemical reaétinn

is more complicated than that of thermal reactions
because more variables are involved. The intensity
and wavelength of light, size and shape of container
may greatly affect the rate of reaction. A photochemical
reaction may be accompanied by a thermal reaction
ldentical to the photochemical reaction, or opposite
to it or entirely different in character. A phote=-
chemical reaction may produce a catalyst which then
causes a thermal reaction to proceed at a measurable
rate. Sometimes an induction period 1is needed for
sufficient guantity of catalyst to accumulate and

make the reaction proceed with a measurable velocity.
The energy avallable in a photochemical reaction is
much greater than in a thermal reaction and this often
changes the character of the reaction.

Due to ccmplexity of photolytic reacticns
investligations in this area of pharmaceutical
stability have been for the most part qualitative
in nature. In photodegradative reactions, secondary,
primary and zerc order reactions are possible.

Felmeister (1964) studied the photodegradation
of chlopromazine hydrochloride at 253.5mu and
derived the mechanism for the free radical-mediated
deterioration, Loss of concentration of chlorpromazine
versus photens of light per litre absorbed showed zero

order kinetics, Hamlin ct-al (1960) studied the
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photelytic degradation of alcoholic solutions of
prednisolone, hydrocortisone and methylprednisolcne
exposed to ordinary fluorescent lighting. They found
that the two double bonds present in prednisolone

and methyl prednisolone make them more susceptible to
photodegradation than the one double bond in the A ring

of hydrocortisone.

Racemization

An optically active compound may lose its optical
activity without changing its chemical composition.
This reaction is important to the stability of
pharmaceutical formulation since bilolecgical effect of
one form can be considerably less than that of the
other. For example Levo-adrenaline 1s 15 to 20 times
more active than dextro-adrenaline. Soclutions of
L=adrenaline form a racemic mixture of equal parts of
L~ and D-=adrenaline with pharmacologic activity just
over half that of pure L-adrenaline.

By studying the kinetics of racemization and
determining rate constant, temperature dependence of
reaction and pH dependence, it 1s possible to establish

the optimal conditiors for storage of the preparation.

Physical Stability

There 1s scarcity of reports dealing with
physical =stability testing. Physical changes in the

dosage form upon storage can be as serious as chemical
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instability of the active ingredient and sometimes
more. Physical changes that can occur include crystal
growth, change in crystal form, increase or decrease
in dissolution rate and disintegradation timey
cracking of emulsions, caking of suspension, colour
fading and ceclour development and sediment development
in soluticn.

There have been studies on the influence of
temperature and light on the colour stability of
taklets., In one investigation, Everhard and Goodhart
(1963) quantitated the relationship of light-catalyzed
fading of coloured tablets as a function of time and
light intensity. Fading was proportional to the
product intensity and time. If the dissolution rate
of the active ingredient from the tablet or the
tablet disintegradaticn time were to increase under
extended shelf of the tablet formulation, the
therapeutic cffectiveness of the tablet may be
sericusly affected.

Effccts of storage of phenobarbital and phenacetin
tablets on the rates of dissclution have been studied
for the three tablet formulations. Tablets prepared
with gelatin or polycthylene glycel 6,000 as
granulating agents changed little but tablets
prepared with carboxymethylcellulose underwent a
significant increase in dissolution reote (Solvang

and Finholt 1969).



For disperse systems the physical stability of an
emulsion or suspension can be influenced by factors
affecting the chemlcal stability of the emulsificr,
suspending agent, anti-oxidant micrecbiological
preservative and active substance. It is an
established fact that the ‘‘egree of stabllity of
an emulsion may be measured by the variation of the
distribution of sizes cf dispersed droplets with
time, An emulsicn approaching the unstable state is
characterized by the appearance of large globules as
a result of ccalescence and aggregation of small
globules. The practical commercial aspect of
stability is the observation of creaming and/or

separation of water and oil in an emulsion.

Change 1n crystal form

Some chemically stable drugs may exlist in more
than one crystal form which differ in melting point,
sclubility, vapour pressure and density. At a given
temperature and pressure only one polymorphic form
of a compound is thermodynamically stable while the
other form may exist under the same conditions taking
from minutes to years to revert to stable state.
Metastable forms have a lower melting point and high
solubility. Their pharmacological importance depends
on the rapidity of the transition to the stable form
and the nature of theilr altered physical properties.

The reversicn of a well absorbed amorphous novobiocin
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to the crystalline peoorly absorbed form in suspension
illustrates the difficulties that may arise if
polymorphism is ignored (Mullins and Macck 1960).
Problems that may result from inadequate investigation
of polymorphic drug forms are crystal growth in
suspension and creams leading to product with poor
uniformity, appearance and bioavailability,
precipitation of less soluble form in liquid dosage

forms and poor chemical stability.

Factors Affecting Drug Stability

Degradative reactions in pharmaceutical formula-
ticns take place at definite rates and are chemical
in nature. They are dependent on conditions such as
concentration of reactants, temperature, pH, catalysts,

moisture, solvent, storage and light.

pH
Hydrolytic reactions catalyzed by hydrogen and
hydroxyl ions vary considerably with pH. Hydrogen ion
catalysis predominates at low pH and hydroxyl ion
catalysis at higher pH. At intermediate pH, the rate
of reaction can be pH independent or catalyzed by
both hydrogen and hydroxyl ions. To determine the
influence of pH on degradation reaction the
decomposition 1s measured at different hydrogen ion
concentrations. The pH of optimum stability can be
determined by plotting log of rate constant versus pH

(Lachman 1976) .
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Temperature

The velocity of degradation cf pharmaceutical
products is acceclerated by heat like many chemical
changes. The rule-of=thumb methods indicates that
the rate of reaction is doubled for each 10° rise
in temperature but this is not generally applilcable
(Martin 1962). Some deterioration reactionsare not
measurably influenced over a 10° temperature range
while others undergo rapid degradative changes at
elevated temperature. Many pharmaceuticals are
thermolabile even at rocm temperature and must be
stored in a refrigerator. Low temperature may have
deleterious effect too, for example, some antitoxins
preciplitate and lose thelr activities when chilled to
freezing point (Girgis 1967). To determine the effect
of elevated temperature on the stablility of formulations,
a planned schedule of accelcrated tests are carried out.
Sams and Carrcl (1966) found that heat at 52° has no
effcct on chloroquine diphosphate in phosphate buffer

IJH 7-4.

General Acid-Base Catalysis

The chemical instability of a drug is magnified
in solution. Buffer solutions are often used in the
formulation of pharmaceutical liquids to regulate the
pH of the solution. Commonly employed media are
acetic acid-acetate, phosphate, phosphate-pthalate

boratec among other buffers. Although these buffers

maintain the pH of solution at a constant level,
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they can also catalyze the degradation of dosage
formse. It is thercforc neccssary to evaluate the
effect of buffer concentration on the stability of
the preparation in addition tc the effect of hydrogen
and hydroxyl iones Such effects have been obscrved,
for example, monohydrogen phosphate ion catalyzes the
rate of hylrolysis of phenethicillin (Schwartz et-al
1962). In the solvelysis of aspirin anhydride
undissociated acetic acid has an inhibitcry effect
(Garret 1960). General acide~base catalysis has been
shown to take place for barbital and phenobarbital
(Goyan ect—al 1960). Very strong evidence exists to
indicate that chloramphenicol degradation is general
acid-base catalyzced. Monohydrogen phosphate ions,
undissociated acetic acld molecules and citrate-citric
acl ] buffer cxert a definite catalytic effect upon
the rate of disappearance of chloramphenicol

(Higuchi and Marcus 1954).

Concentration of Reactants

The catalysls of a rcaction by hydrogen and
hydroxyl ions 1= known as "Specific Acid-Base
catalysis®". When a drug 1s positively charged and
is undergoing hydregen ion catalysis, an increase in
ionic concentration by the addition of a salt like
sodium chicride cauges an increase in the rate of
degradation (Sicgel et-al 1959). A decrease in

rate occurs if the positively charged drug 1s undergoing



hydroxyl catalysis. If the drug is a neutral mclecule,
changes in ionic strength by the addition of a salt
has no effect on the rate of degradation.

The rate of reaction can be influenced by the
lonic strength of the solution in accordance with

the following equation.

log K = log Ko + 1,02 zf\ZBW? .
2,2, = charges carried by reacting specles
= the ionic strenath
¥ = Rate constant of degradation.
Ko = Rate constant at infinite dilution.

It is now recognised that not only hydrogen ion and
hylroxyl ions but 2ll acidic and basic species as
defined in the Bronsted-lowry theory may act as
catalysts. Examples include the observaticns made

by Web: et-al (195G), Kondritzer (1956) amohg{others.

13

Solvent Effect

Water is usually the most important constituent
in a liquid product. Scmetimes it 1s necessary to
eliminate water entirely or in part from the vehicle
because of solubility factors or hydrolytic reactions.
Frequently used non-aquecus solvents are polyethylene
glycel, propylene glyccl and fixed oils.,

The effccts of sclvent on the decomposition of
drugs are complicated and genecralisations cannot

ordinarily be made. The reaction of non-electrolytes
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appears to Dbe related to solubllity parameters of the
sclvent and solute. For lonic reactions influence

of the ionie strengtn and the dielectric constant

of the medium are significant. Solvents other than
water may have a catalyzing effect on oxidation-
reduction renctions for example aldehyde, ethers

and ketoncs may influence free radical reactions
significantly. Partial or full replacement of water
with 2 solvent of lower dielectric constant generally
causes a considerable dccreasc in the velocity of
ocster hydrolysis. (Bowles 19€68).

The solvent thercfore affects the stability of
drugs to a large degrece such that any change in the
proportion of a mixturc of solvents may change
reversibly the stability of the substance. Delgndo
{1958) found that in multivitamin solution dissolved
in 2 mixture of 20% water and 80% propylene glycol,
thlamine mononitrate is more stable than thiamine
hydrochlortile, while the lattcer is more stable if
propylcne glycol 1is substituted by equal volumes
of propylene glycol and glycerine. Gerber gt-al

(1957) found that ascorbiec acid, vitamin B and

12
ferrous gluconatce which are ordinarily incompatible
could he combinerd into an oral preparation hy the
use of 70% sorbitol sclution as the vehicle. The
stabilising action of sorbitel was attributed by

the authors cither to a reduced availability of
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water in the system or to complex formation between

the polyocl and the vitaming,

Moisture

In the preparaticn of pharmaceutical tablets,
it is generally accepted that a small proportion of
moilsture is present and in some cases this is required
to form a cohecrent tablet. Molsture may alsoc be the
maior cause of deterioration of pharmaceutical
preparaticons., Traces of moisture duc to incomplete
dehydration are frequently sufficient te set up slow
but progressive solvolytic reactions. Melsture can
causc¢ the effervescing ingredients in certain tablets
and dranules to react slowly with consequent crumbling
and deccrease or loss of effervescence, An investiga-
tion into the effect of molsture in pharmaceutical
tabletting was concerned with the compacdtion of
sodium chloride (Rees and Sholton 1971). Wet
granulaticn of powdered materials with hydrophilic
adhesives was shown to yleld tablets whose mechanical
strength is dependent on an optimum molsture content
above or below which tablect strength was reduced by
various occurrences.

Rees and Hersey (1972) reported that molsture
decrcases the compact strength by reducing the
strength of the interparticulate bonds. Except at
low compression force, this effect cancelled out

increases in strength due to other mechanisms.
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There are some cases where retention rather than
elimination of water is desirable. This is true in
dermatologic medicaments where humectants like

glycerin and sorbitol should be incorporated,

Storaqe

The storage of drugs on the shelf does lead to
detcrioration after an extended periocd of storage
under varying environmental conditions of temperature,
humidity and light. Container materials mostly used
for storage are glass, metal, plastic and rubber.
Glass materials can release alkali and insoluble
flakes to liquids stecred in container. Stability of
products packaged in a plastic container is affected
in several ways due to container permeability.
Penicillin tablcts were found to degrade in
peolystyrene containers -ue to permecation of
water vapour. Product detericration in plastic
containcrs also occurs due to the fact that alr is
continuously drawn into the container causing
oxidation and drying out of preparation. Plastics
also tend to scorb materisle from sclution causing
loss of drug and other materials from solution.
Rubber materials also affect product by sorption of
active ingredient, antibacterial preservative and
other materials.

The stability of some pharmaceuticals is known to

be cnhanced by storage under relatively low humidity.



Examples of such matcrials Include vitamins, yeast
and effervescent productss When the humidity 1s
known at which the product 1s found to decompose with
continued exposure, the type of package can be more

wisely chosen.

Ultra=Vinlet Radiation and Light

Many types of reactions are induced by exposure
to liaht e.g. hydrolysis, autoxidation processes. 1In
some cases substances become coloured c.g., morphine,
corleine, quinine become yellowish brown while others
fade. When light 1is absorhed, lines appear in the
spectrum of the compound and the groupings responsible,
the chromophores are those susceptible to degradation,
When legradation occurs, the rate of decomposition is
proportional to the light intensity. The rate of
change is influcnced by temperature, humidity and
products of reaction.

There 1s often a relation between structure of
drug..and its sensitivity towarls light. Phenolic
substances dtevelop colours while the presence of a
conjugated double bond system in the molecule can
induce photolability (Rawlings 1977).

During a photochemical reaction light energy
prevides activation energy, necessary for a reaction
to occur. Activated molccules collide with other
molecules raising their kinetic energy and consequently
the temperature of the system. The initial photochemical

reacticn may be followed by a thermal reaction.
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1.2 METHODS QF ASSESSING QUALLITY ASSURANCE

The quality of a pharmaccutical product is
assessed through stabllity testing. Stability
studies demonstratc that the necessary critical
characteristics present at the time of production
mnd release can he expected to be present when the
dosage form is administered. If safety and efficacy
values decline stability studies provide information
to determine when and under what conditions the
product should be withdrawn from the market.

Effective stability studies must include
provisions of (1) Specific chemical and physical

characteristics desired at time
of administration.
(2) Analytical procedures and tests
to determine the degree to which
thesc characteristics are present,
(3) Allowance tolerances and variation
for ecach critical characteristic,
(4) Anticipated shelf l1ife under the
most severe antlcipated environment
be fore product characteristics are
out of specifilicotions,
(5) Recommended physical, chemical and
envircnmental condltions for
holding the preduct during

preadministration storage.



Physical anl chamical paramcters dictate many of
the characteristics that will be inherent in the

dosage form. Some important considerations are

(1) The crystal form of drug substance when
pelymerphs have different bioavailability
and stability.

(ii) Solubility and stability characteristics in
variocus sclvents,

(111) Acid=base dissociation constants which
influence selection of optimum pH levels for
the formulations.

(iv) pH values necessary for greatest stabllity
which affects the chelce of buffers, chelating
agents, and antioxidants used in formulatiocn.

(v) Hardness, friability, dissolution and
disintegration times, particle size,
solubility, aggregation and wetability of
the drug substance in the dosage form.

In-vitro testing methods are available for
monitoring these changes and extrapolating stability
data. Two types of stability studies may be employed
in drug evaluation. The most common 1s the stcorage
of the -“drug dosage form in its container under
simulated market conditions with assay and contrcl
tests made at regular intervals. By varying
temperature, humidity and light conditlens,
approximations to various geographic marketing

regions may be made.
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The sccond 1s aceclerated stability study which
has demonstrated that by exaggerating environmental
conditions in many cases close approximations to
actual chemical and physical degradation rates may
be extrapolated. Thils methed 1s used as a predictive
tonl, iccelerated stability studies which have been
well designed and properly performed have permittod
accurate prediction of shelf life.

Techniaues for evaluating physical and chemical
stalility include thin-layer chrom:tography, thormal
analysis, diffuse reflectance and spectroscopye. Drugs
must be purc before any stability tests are initiated,
Most druqgs fall into one of four classes; stable at all
conditicns, stable if handled correctly, e.g. aspirin,
modcrately unstable cven with special handling e.ge
vitamins and very unstable,

The objective in the prediction of stability is
the determination of those factors that result in
altcration of drug entity <.ge heat, light, oxygen,
moisturees To determine effect of oxygen, samples of
pure drug and crug with watcr arc sealed in ampules
some of which are flushed with oxygen and some with
nitrogen and stored at different temperatures.
Photosensitivity is measuredl by exposing the surface
of compound to light. Molsture sensitivity is
determined by placing the drug In cpen dishes at
relative humidities of 30-90%. Somples are

monitered rocgularly for physical changes, water content

and chemical degradation.



Mcthods «f studying polymorihs having different
hicavailability and stability include;

(a) Dissolution:~ Metastable forms are detectalle

becnause they have a faster dissclution.

(b) X=ray diffraction an! I.R. Spectras-

Differences are oserved in X-ray and I.R.
spectra.

(c) Differential scanning colorimetry and
differential thormal annlysis:=-

Change from onc polymorphic form to another
involves a change in energy which is thermally
detectable with ahove instruments.

(d) Hotestage microscope:~ On henting te phase
transition point, crystal undergoes a change
in birefringence and or asppearances.

Solubility and stabllity characteristics in

varicus solvents can be studied by a high temperature

kinetlec study of drug in solution. Appropriate
sclvent and huffer systemg are selected and reaction
rate constants determined at three temperatures in
presence and absence of oxygen. An Arrhenius plcoct
is madc, heat of activation determined and raom
temperature stability exirapolated from these data.
Generally solubility is determined as equilibrium
scolubility (Ravin 1969) or pH solubility profile

(Dittert 1964).

Dissclution Rate Test

Eﬂrvitro dilssclution ratc tests arec intended

to measure the time required for a given drug in an
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oral solild dosage form to go into solution under
a specified set of conditions,

It affords an objective means towards the
evaluation of the physiologic availability of the
drug in-vitro since availability is largely dependent
upon heving the drug in the dissolved state.

As a method of assessing quality assurance,
sultalhle dissolution ratc is an important property
of a geool tablet product. Dissclution rate testing
is done not only on finished dosage forms but can also
be used to assess the characteristics of the pure drug
or the effects of excipients, formulation and
processing or manufacturing variables. It 1s also
used during in-process quality control to ensure
that a given product is uniform within the same
batch and from batch to hatch.

A dosage form must provide a stable environment
during storage so thnt it can deliver the active
ingredient in a form available for absorption.
Dissolution rate testing can be used to assess
stahility after extended shelf-life storage.

During early stages of jroduct design,
dissoclution rate tests done in conjunction with
in-vivo absorption studies can indicate the extent
to which the release characteristics of the dosage
form would influence blood levels of the drug, Where
evidence for dissolution rate limited absorption

exists, monitoring changes in the formulation by



means of dissolution rate tests provides a rational
basis for optimizing a formulation.

The factors which affect dissolution rate of
drugs include solubility, particle size, disintegration
rate, chemical form and surface area.

Levy and Hayes (1960) have shown that absorption
rate of drug i1s a function of its dissolution rate in
its particular dosage form.

For a solid dosage form to get into solution
and be absorbed it goes through a scerics of steps

which can be represcnted as shown below.

Solid desage ——— CGranulcg —y Small particles

Drug in solution

Absorption

Drug in blood

Initially, the tablet has to be wetted so that the
contents can dissclve. The overall process includes
disintcgraticn to the fine particles., The granules,
aggregates and fine particles are all simultaneously
dissolving thus there is an increasc of surface area,
These precesses depend on the stirring, temperature,
and contents of the dissolution medium as well as
the specific design of the apparatus and its
hydrodynamic stability.

The marked difference in blood levels after oral

administration of different salts of thecphylline



éﬁoline, isoprapanclamine and ethylenediamine was
attributed to the differences chserved in their rates
of solution (Remington 1975).

Reduction in particle size is employed in
pharmaccutical operations to secure better dispersion
of drug in its vehicle. The relationship between
particle size and dissolution rate has been
investigated. Very fine state of particle division
often leads to increcase in dissolution rate.
Dissolution of a single particle is expressed in

terms of perticle diameter at any given time by

a2 _ ag _ 2D Ct
O
L
a, = Initial diameter
D = Fick's law constant
i = Concentration of dissolved solid
-k'.'_: = Particle density.

Levy and Darc (1964) have shown that rate of
dissclution of drug is proportional to surface area

of Jdrug and concentration differcntlal.

'-(;-‘é- = Ks(C_ - C)

c = Concentration in dissclution medium
at time t.

t = time

K = Intrinsic dissclution rate constant

8 = Surface area

Cg = Sclubility of drug in solvent.



K wvaries widely from drug to drug and some drugs may
have a slow rate of dissolution despite a fine state
of subdivision. Polymorphic drugs have more than

one K (Remington 1975).

Assessing Quality Assurance During Manufacture And
Finished Product

Total quality assurancc certifies that each
manufactured batch of product meets the established
quality standards. It nrovides for the authorization
of the relecase of manufactured product to the market
based on laboratory testing which can be physical,
chemical or iological.

Chemical and physical tests include tests for
appearance, colour, odour, identity, optical
rotation, specific gravity, solubillty, wviscosity,
disintegration time, hardness, friability, average
weight or volume per unit weight, content uniformity,
moisture content and assay for active lngredient,
impurities, and degradation products.

Macro and microbinloglcal assays and tests for
safety, toxicity, pyrogenicity, sterility, phenocl
cocfficient, antiseptic activity and preservative
action are also carried out.

Through purity ant identity tests, the quality
of drug is established. The assay measures the
concentration of the drug in the dosage form. Most
drugs are assayced by quantitative physico-chemical
means. Where this is not possible macro/microbio-

loglical procedure is used. Biological testings
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utilize intact animals, animal preparation, isolated
living tissucs or micro-organisms. To prevent objectior-
nole i micro-organisms in drug products not
required to be sterile, the USP under microbiasl 1limit
tests gives tests for total counts of viable micro-
organismse.

fn impertant test performed on the finished
dosage form to guard against adulteration 1s the
safety or toxicity test. Reference standards are used.
Refercnce standards are prepared and distributed by
USP or NF. WHO provides International Standards

concerned mainly with standards for sera, % 3

#acciﬁus, toxins, vitamins and endocrine extracts,

Pharmaccutical analysis include gravimetric,
and volumetric assay methods, techniques like
partition and adsorption chromatography, GLC, HPLC,

UV and IR spectrophotometry, complexometry,
chelatomelry, nonagueous titrimetry, fluorometry,
polarography, cdlfferential scanning, calcrimetry,
X-ray spectroscopy, NMR, autoradiography,
thermogravimetry and mass spectroscopy.

Analytical work involved may range from elemental
analysis of compound to chemical anc functional group
determination as in complex medicinals like reserpine.

Automated instrumentatlon of analysis 1s also
used. It has great potential for routine testing.
Compendial mecthods for testing drugs are largely based

on UV absorption messurements. .An automated continuous
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gsystem for repctitive sjpectrel scanning is the
auntoanalyzer which is co allle of accepting tablet,
capsule, powder, sclution and suspension samples for
analysis =s required. Other autcmated systems include
the tiltralyzer, Robot Chemist and Assaycmnt. The
pharmnceutical industry employs detectors, scanners,
rcaders, sensors, indicntors, comparators and feed
back mechanisms at various stages of manufacture.
These mechanical ans electronic inspection devices are
employed to supplement and extend the capabilities of
human belnas.

Recause of the vnast amount of records maintalned
in & quality assurnnce programme the storage, and
retrieval of dnta can be achieved using computer.

Data 1s converted te digitized form and stored on
computer tapes, cards, discs or in case storage.

The bhatch or control number is very important
as it is the direct key by which the entire quality
assurance programme in production, control, storage

and distribution can be unlocked.
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LITERATURE REVIEW

1.3 PROGUANIL

Proguanil is employed as an antimalarial agent
and folic acid antagonist. It is effective as a
causal prophylactic, a potent schizonticide and is
lethal to actively developing pre-erythrocytic
tissue forms of some plasmodiumes It exerts a
sterilizing cffect on gametocytes.

History

Proguanil wns discovered in Britain during the
second world war. It was synthesized by Curd and
Associntes (1945). Early members of its congeners
were synthesized as pyrimidine derivatives because of
the known importance of pyrimidine=containing
compounds in cell metabolisme Later members of
the serics including proguanil were simplified by
opening the pyrimidine ring to give a biguanide.

Proguanil was first empleoyced as an antimalarial
{Adnms amnv! co-workers 1945) at the Liverpool Scheol
of Tropical Medicine after which it was given
extensive clinienl trial., Unfortunately, the value
of the drug 1is now compromiscd by the development of
resistant strains.

The fnct that only single doses of antimalarial
drugs are effectlve for only brief periods stimulated
Thompson and co=workers (1963) to synthecize compounds
that might act for much lonqger periods of time. Thelir

optimism stemmed from the remarkably high potency of



the triazinc mctabolite of procuanil called
cycloguanil pamoate (4,6-diamino=1l = (p=chlorophenyl) -
1,2=dihydrom?2, 2-limethyl=s-triazine). This metabolite
was prepared and found to possess the desired
properties. It was marketed under the proprietory
name CAMOLAR. Camolar has been withdrawn from the
market.

The prolonged period of protection afforded by
this preparation was found to be due to the release
of the active molety from a depot formed at the site
of injection and not to a systemic rescrvoir formed
after aldministration.

Studies in man showed that a single intramuscular

injection of Smg/kg protects against P.falciparum and

vivax for several months. U to 80% remains at
injection site two weceks after administration and
small amounts can Te found for as long ag fifty=-six
weeks,

Due to incldence of resistant strains, clinical
trinls have involved the use of two depot preparations
in combination. This is the triazine plus acedapsone
(the diacetyl-4t4t'—diaminodiphenylsul fone DADDS) .,

It is marketed under the propeietory name Dapolar.
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Chemistry

Proguanil is N‘—p—chlnrvphcnyl—ws-isoprophyl

biguanide with the molecular structure:e

==\ { NH NH
c1_/ ke 1!1-(‘! NH H NH —~e@H (CH., )
\_/ T

The molecular formular is C11H16C1N5- and 1ts
molccular weight is 253.2. It occurs as colourless
crystals which melt between 130-131°¢ and at 129°%¢
when crystallized from toluene. It 1s used as
proguanil hydrochloride. Its molecular formular is
C11H16C1N5. HCl. Molecular weight 290.2 and melting
poeint 245°% ., It is a white odourless powder having a
bitter taste. It is soluble 1 in 110 parts of water
and is more soluble in hot water, soluble 1 in 40
parts of ethanol (96%) and is practically insoluble in
chloroform and ether., It 1s extracted by organic
solvents from aqucous alkaline solutions.

The B.P. gives various methods of spectro=
photomctric identification. The methods used for
analysis include ultraviolet radiation, paper and
thin layer chromatography, infra-red radiation and
high=performance liquid chromatography (Selkirk et-al

1980) .,
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Pharmacological Effects

Malarla is a serious dilsecase which affects abhout
15«20 million peonle in the world while about 40 million
have the risk of infection. Endemic regions include
hfrica, Asia, South and Central Amecrica and the islands
of S.W, Paclific. The most common pathogenic species

of plasmodium inducing malaria are; Plasmodium vivax,

Plasmo-lium falciparum, Plasmodium malariae and

Plasmodium ovale. The cfficacy of drugs in the treatment

of malaria is related to the species of infecting
parasite and its stage of development.

Many investiqgntions have been carried out to
determine the value of proguanil as a suppressive
agent and causal prophylactic, as an effective
schizonticide, gametocide, its mode of action with
refercnce to effects on excerythrocytic forms and its
toxic effects.

Projuanil in falciparum malaria is a complete
causal ' rophylactic with definite lethal action on
pre—-crythrocytic forms. A single dose of 50 to 100mg
given 39=131 hours after exposure to infective
mosquito bitcs affords complete protection. Lethal
acticen is not exerted on the sporozoites which appear
to be insusceptible. In vivax malaria 1t is a partial
causal jrophylactic in all instances and sexual
parasites fall to gain access to blood while drug
is Yeing taken. During this period sub-inncculation

tests arc negntive. This suggests an inhibitory action

on schizogony of pre~erythrocytic forms,
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Mackerras (1947) also showed that in vivax
ﬁalaria trophozgoites may grow to full size in
presence of Proguanil, Its lethal action is only
exerted upon the dividing nucleus which 1s rapidly

destroyed. Plasmodium malariae was shown to be less

susceptible to proguanil than vivax. Schizogony may
oceur up to the 20th hour after starting therapy and
merozoltes may grow to full size before being
destroyed. Thompson et al (1963) have demonstrated
that a single dose of a repository preparation of the
triazine metabolite protected mice from infectlon
with plasmodium bergﬁei for up to two months and
rhesus monkeys from infection with P. cynomolgl for
up to eleven months, Schmidt and co-workers (1963)
showed the same preparation protected monkeys for up
to elght months, !
Coatney et al (1963) evaluated effectiveness
in man and found that the repository preparation of
cycloguanil pamcate (Cl-501) when given as a single ?
intramuscular injection at a dosage of 5mg/kg body
welght can protect man from vivax malaria for a
minimum of six months and a maximum of fourteen months.
Among the antimalarlals reported tc possess
anti=-arrhnythmlc activity are 4-aminoquinoline
derivatives, 8-~aminoguinolines, acridine and cinchona
" i:ualo:l.ds. _Ardra and Madan (1956) investigated the
anti-arrhythmic action of proguanil and its metabolite

and compared them with guinidine for thelr action in
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auricular fibrillation induced by acetylcheline,
auricular flutter produced by injury stimulation
procedure, and ventricular arrhythmias induced by
petroleum ether and adrenaline. They were found to
possess a weak quinidine-like activity.

Abdel-Aziz et-al (1971) reported that in lsolated
spontaneously contracting rat uterus pretreated with
estradiol dipropionate proguanil was inhibitory.
Progesterone treatment decreased inhibitory action.
Inhibition occurs in early and late pregnancy. Action
was blocked by atropine sulfate methysergide or a
histamine antagonist.

Cotton and Sutorius (1971) also reported that
proguanil inhibits action of glycose=6-=phosphate
dehydrogenase (GEPDH) from purified yeagt or whole
tissue extracts of erythrocytes and skin., Inhibition
was competitive for NADP, This can have far reaching
effec*s gince GEPDH 1is the rate limiting point of
entry into the pentose phosphate shunt which is the
sole producer of extra-mitocheondrial NADPH and
produces ribose for nucleic acid synthesis.

Burn and Vane (1949) demonstrated that the
action of acetylcholine on isclated rabbit auricles
is gradually changed by exposure to proguanil from
an inhibitory action to a stimulant action with a
diminution in the size of the spontaneous contractions.

Absorption and Excretion

Proguanil 1s slowly rut adequately absorbed from

the gastrointestinal tract. Black (1946) performed
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experiments to obtain some idea of the absorption

rate of proguanil. He found that specimen collected
half an hour after administration went through
schizogony but after one, two and four hours,
morphological chanres occurred that 1s vacuolation,
disappearance of and failure of chromatin division.
Peak plasma levels were attained between two to four
hours. Plasma concentration declined rapidly and was
practically zero at twenty four hours. During
prolonged administration, the drug accumulates only

to a slight extent in the tissues. In man 40=60% &f
the absorbed drug 1Is excreted in the urine and
approximately 10% is exe¢reted directly into the
intestinal tract and eliminated in the feaces. In man
60% < f the drug excreted in the urine is the parent
compcund and 30% ig the triazine metabolite. Due to
rapid elimination from the body, the triazine metabolite
cann~* “a used directly.

0 unbona and Clowu (1985) investigated the effect
of ag- ™n the cumulative amount of unchanged drug
excret xd in man., Thelr result showed that with
increase in age up to 40 years there seems to be an
gnr=~- '~ in the percentage of an oral dose of proguanil
excrete ! unchanged in the urine. 1In the young adults
aged 30- 40 years the cumulative amount of unchanged
drug exc ~eted in urine in 48 hours was 33.6% of the
oral dose. This was significantly different from

the valur for children and teenagers (8-18 years) who
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excreted 22.5%. In the age groups 19 - 29 years and
41-51 years, the values were significantly different
from that of children and teenagers but not significantly

different from that of the young adults (P 0.05).

Metabollsm

Hawking (1947) showed evidence that metabolltes
of proguanil were responsible for activity. The two
metabolites were isolated and identifled as
N!'=p=chlorophenyl biguanide (PBG) and the triazine,
l=p=chlorophenyl=2-4-=diamino=-, 6-dihydro~-1,3,5 triazine

(C6T) (Carrington et al. 1951, Crounse 1951).

H
2N>:::-N
. —_—n
HBC// CH

3
CGT

The »~™iye isomer 1s readilly converted to an inactive
isomer which is 4-amino-2-p=-chloroaniline-1:6-dihydro=-
6:6=dim~thyl-1:3:5 triazine. It is alsc readily
hydrolysed to N'=p=chlorophenyl biguanide., Metabolism
takes place in the liver. Armstrong (1973) showed
that the formation of CGT involves binding to
cytochrome P-448, N-Dealkylation is also mediated

by a mix~4 function oxidase N=dealkylase which involves
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binding to cytochrome P-450. He .also observed
specie difference in metabolism, PBG 1s the only
metaboclite isolated from rats and mice,

Further work suggested that the triazine
metabeolite is responsible for antimalarial activity
(Crowther 1953). PBG has no measurable anti-malarial
actlvity.

The metabolism of CG and CGT was also
investigated by Smith and Cowworkers (1961} in
monkeys and man., When tested for antimalarial
activity via same route of administration, CG was
found to be 2-4 times more active than CGT. Theirl
work with CG and its ethyl and n-propyl analogs
suggested that it is very difficult to account for
all the antimalarial activity of CG solely on the
basis of the formation of an active triazine
derivative from an inactive parent compound.

This leads to the conclusion that a very
significant part of the antimalarial activity

resides in the parent compound CGa

Mechanism of action

Proguanil and its metabclite cycloguanil
inhibit conversion of dihydrofolate to b tooi
tetrahydrofolate in parasite. The biochemical
pathway involved is the synthesis of folinic
acld from para-aminobenzoic acid. Folic acid
whether preformed or synthesized is then used for

the synthesis of nucleic acid, purines and pyrimidines.
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Para-amino Dihydrofolic tetrahydrofolic
benzoic acid ; acid ? acid
Purines,

Pyrimidinecs &—0-— Folinic acid
Amino acids.

The enzyme dihydrofolate reductase converts
dihydrofolate to tetrahydrofolate with NADPH. It ig
present in both parasite and host. The drug binds to
and inhibits dihydrofolate reductcase, Its selective
toxicity against parasite is due to the fact that
they are more strongly bound to the enzyme of parasite
than host enzyme.

Laser and co-workers (1975) have demonstrated
that proguanil may exert chemotherapeutic effect by

Inducing premature lysis of parasitized cells.

Side Effects and Toxicity

In its use as an antimalarial, proguanil is
remarkahly free from toxic implications. The
difference between effective therapeutic dose and
toxic dose is very conslderable. Significant toxic
symptoms are not likely to follow 1its use in any doéage
regimen adopted for purposes of therapy, suppression and
causal prophylaxis. Large doses like 41g daily may cause
vomiting, abdominal pain and diarrhoea. Excessive
amounts may cause hematuria and transilent appearance
of casts in urine. Accidental overdosage as much as
14,5g has been followed by complete recovery. Margin of

safety 1s quite satisfactery.
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Gon and Reid (1975) reported a case of hemolytic
anaemia and recurrent subacute disseminated intravascular
coagulation assoclated with malarial prophylaxis in which
the breakdown product of pyrimethamine and especially
proguanil were incriminated as causative agents.

Black water fever apparently precipitated by
proguanll has been reported (Singh 1953). Sen (1v50)

also reported a case of accidental poisoning.

Resistance

As an antimalarial agent, a high degree of
acquired resistance to proguanil has been demonstrated
conclusively in all types of plasmodia where it was
sought. The characteristic appears to be stable
Goodman and Gilman (1975). Proguanil resistance of

a high degree has occurred in Plasmodium falciparum

in South East Asia, West Africa and Indla. This trend
has been attributed to unduly low or too widely spaced
doses as an important causal factor. West African

Plasmodium falciparum are naturally relatively

insensitive to schizonticidal action of proguanil.
Bishop (1962) and McConnachiew (1948) reported

that treatment of P. gallinaceum with representative

sulphonamides such as sulphadiazine and sulphanilamide
rapidly potentlated the development of proguanil
resistance.

The works of Williamson (15972), Fercone and
co~workers (1970) have shown that resistance tc the

antifols appears to be due to the development by



parasite of a mutant enzyme with decreased affinity
for drug and 1is produced in larger gquantity than
nocrmal cnzyme thus compensating for the presence of

the inhibitory druqg.

Uses

Procuanil is employed as an antimalarial agent
and folle acid antaconist. It is effective as a
causal prophylactic, a potent schizonticide and is
lethal to actively developning pre—erythrocytic
tissue forms of scme plasmodium. It exerts a
sterilizing effect on gamctocytes.

In vivax malaria; it controls acute clinical
attack. It 1s an cffective suppressive but does not
result in radical cure. It has been effective 1in
treatment of chloroquine resistant malaria when
given with dapsone. Proguanil has been recommended

for use during precgnancye.

Proquanil has been used for many years 1n
tropical splcnomegaly (Sagoe 1970)., It is safe
and mode of administration is simple-one 100mg
tablcet daily. Reports from endemic arecas show that
idiopathic tropical spienomegaly has been successfully
treated with proguanil. It is preferred to
splenectomy which has been the preferred treatment.
Relapse usually nccurred on discontinuance of
proguanil but symptoms were contreolled agaln when

treatment recommenced.
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Two groups of investigators from Costa Rica
(Pena 1965, Beltran and co-workers 1966) have ;
reported good results with cycloguanil pamoate |
in the treatment of leishmaniasis in their countries
with particular advantage of only cne injection being
necessary. Their work was confirmed by Johnson (1968)
who reported complete healing in twenty six cases
studied but seven failed to respond. Pena (1965)
in his report on treatment of American leishmaniasis
observed improvement in all cases and complete

clinical cure wes obtained in B0O% of patients.



- 40 =

1:4 PYRIMETHAMIN

History and Chemistry of Pyrimethamine

Several 2,4«diaminopyrimidines were found to
antagonize competitively folic acid and folinic acids

in the growth of Lactobacillus casei.

Prediction was made that L.casei would not be
unigue in its sensitivity to these substances.

Experiments with the diaminopyrimidines in the
treatment of malaria in experimental animals bore out
prediction; a high degree of antimalarial activity
was found in several of them.

The most active, pyrimethamine, was later found
to be highly effective against the plasmodia
infecting man and has since been widely used for

prophylaxis and suppression.

Pyrimethamine is 2,4-diamino=-5~(P-Chlorophenyl)-6-cthyl

pyrimidine

cl

N

_ \NN /
}{
2

The molecular formular is C12H13C1N4 and its molecular
welght is 248.7. It is a white crystalline powder
insoluble in water, scluble 1 in 200 parts of

ethanol and 1 in 125 parts of chloroform. It

melts between 239-242°C. It is extracted by

organic solvents from aqueous alkaline solutions.
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Methods of identification include chromatography

infra red absorpticn, UV absorption and HPLC.

Pharmacology

Pyrimethamine 1s an antimalarial drug. Its
antimalarial effects are identical to those of
proguanil but with higher potency. The major use
is in prophylaxis and suppression and 1n concurrent
therapy.

Pyrimethamine is well absorbed after oral
administration and peak plasma concentrations are
reached about two hours after a dose 1s taken. Tt
is mainly comncentrated in kidneys, lungs, liver and
spleen., It is eliminated slowly and half-life is
_about four days. Suppressive concentration remaln
in the blood for two weeks. Metabolites appear in
urine but there are few data on their structure or
antimalarial activity. It is excreted in the milk

of nursing mothers.

Mechanism of AcCtion

Like proguanil, pyrimethamine inhibits the
enzyme dihydrofolate reductase which catalyzes the
reduction of dihydrofolate to tetrahydrofolate with

NADPH,

Toxic Effects/Contraindications

With the recommended dosage of 2b0mg once weekly
no significant toxic symptoms have been reported for

pyrimethamine but 25mg . given daily over a prolonged



period may cause depression of haemopoiesis due to
the interference of the drug in metabolism of folic
acid. Skin rashes may also occur. Excessive doses
may produce megaloblastic anaemia, leuccopenia,
thrombocytopenia. Vomiting, cenvulsions and
respiratory failure and even deaths havce occurred 1in
children,

It has been found to cause disruption of
embryogenesis in rats (Dyban et-al 1965, Pozhidaev
1967 e11 wos o | y -y
( ' . B

Pyrimethamine is contraindicated in leukemia
patients with pneumocystis carinii pneumonia. It
should not be used after methotrexate in meningeal
leukemia and should not be given to patients between

courses of antineoplastic agents.

Resistance to Pyrimethamine

Resistant strains have arisen when small doses
of pyrimethamine alone were used for long periods
of time. They may alsc be cross-resistant to other

dihydrofolate reductase inhibitors.

Therapeutic Uses

Ag an antimalarial drug, the main value of
pyrimethamine i1s as a suppressant. It also affects
gametocytes, rendering them incapable of complete
development in the mosquito. A dosage of 25mg

once weekly is usually adequate for the prophylaxis
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of all forms of mélaria;..It has little effect in the
treatment of aobual primary attack of malaria and is
slow in clearing parasitemia.

In combination with short-acting sulfonamide
it is useful for the treatment of acute attacks of

uncomplicated chloroquine-resistant P. falciparum

malaria. Its comblnation with sulfadoxine is
particularly approprlate for prophylaxis when given
at intervals of 2 to 4 weeks,

Pyrimethamine given concurrently with triple
sulfonamides has been found useful in the treatment of
toxoplasmosis (Gilracid 1960). Some success has
followed its use in the treatment of polycythemla
vera and in the prophylaxis of meningeal leukemia
(Armata 1979). 1In combination with sulphadiazine
it has been used in prophylaxis and treatment of
pneumonia due to pneumocystis carinii (Dutz and

caomworkers 1976) . - ' ;



Aims and Objectives of the prescnt study

Proguanil hydrochloride and pyrimethamine
sulphate are among the drugs that are used in the
treatment of malaria. They are commonly used 1n
Nigeria for prophylaxis. Many pharmaceutical dosage
form products tend to deteriorate with age and
environmental conditions. It is therefore important
to assess this tendency through stability studies
thus ensuring the shelf<life stability of the
products. There are few publications which deal
with the stability of proguanil hydrochleride.
Koskinen et-al (1972) determined the stability
constant for protonation of proguanil hydrochloride.
? = 11.3, log KiZ
They also determined the stability constant of Cu(II)

The values were civen as log K = 2.,02.
complexes of proguanil at zero ionic strength and 25°,
The values they got are log K, = 8.7, log Ky = 784
Elmarakby (1982) investigated the effect of
ultraviolet radiation, sunlicht, heat and storage on
proguanil hydrochloride, She concluded that proguanil
hydrochloride sclution did not show signs of
photodegradation when irradiated at 254nm and 366nm.
In addition proguanil hydrochleoride tablets were
found to be unstable to heat hut stable on the shelf
for up to eight years. British Pharmaccpoeia
indicates that proguanll hydrochloride tablets

should be stored away from light thercfore it will

be of interest to see the effect of light on the
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tablet especlally on the dissolution rate.
Dissolution rate tests have satisfactory

predictive value in assessing bioclogical equivalence
of drug preparations. It was decided to carry out

a more detailed investigation of the effect of UV
radlation cn the stability of proguanil hydrochloride
in buffered solutions of pH values 4.5, 6.9 and 8,0
and in the tablet formulations.

There is no literature on the stability of
pyrimethamine sulphate to light and as an important
prophylactic antimalarial used in the tropics it was
decided to extend this study to include pyrimethamine.

It is also envisaged that the results of this
investigation would stimulate interest in rescearch
from other people on the stability of the two drugs
since there 1s very little work carried cut in this

arcae.
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CHAFTER 2

231 MATERIALS

Physiological buffer solutions

See Appendix 1 for method of preparation,

Drugs
Pyrimethamine sulphate powder supplisd by Quality
Control Unit Ahmadu Belleo Unlversity Zaria.
Pyrimethamine sulphate tablets (Daraprim} supplied
by Quality Crontrol Unit Ahmadu DBello University
Zaria. (QCU). o

Batch number 5 = B5S

Batch number 7 = B7,

Pyrimethamine sulphate tablcts hought from local
chemdlst (Dangl) in Zaria made hy Wellcome Nigeria.
Limited.

Batch number 191 11U = B191

Proguanil hydrochloride tablets supplied by QUaliéy.
Control Unit, Atmadu Bello University, Zaria.
Batch number 19 = B1S

Batch number 20 = BZ20

Proguanil hydrochloride tablets (Paludrine)
bought from local chemist in Zaria produced by
Imperial Chemical Industries Limited (ICI).
Batch number PL 29/5079 = ICI B29

Proguanil hydrochlorisle powder supplicd by Quality

Control Unit Ahmadu Bello Unlversity Zaria.



2.2 ASSAY

Pyrimethamine Tablets

20 tablets of pyrimethamine were accurately
welghed and averaye welght of one tablet determined.
They were powdered and quantity of the powder
equlvalent to 25mg of pyrimethamine was accurately
welghed and dissolved in a litre of 0,005N HC1
solution. The solution was filtered. Approprilate
diluticns were made and UV absorbance taken at 273nM.

25mg of pyrimethamine powler was accurately
welghed, dissolved in one litre of 0.005N HCl1l solution,
equivalent dilutions were made and UV absorbance
taken at 273nM.

Drug content of tablet was calculated from the

ratios-

Absorbance of tablct 100%
Absorbance of powder * 1

Proguanil tablets

20 tablets of proguanil hydrochloride were
welghed and the average weight of cne tablet determined.
The tablcts were powdered and a quantity of the tablet
equivalent tc 100mg of proguanil hydrochloride was
dissolved in sufficient distilled water to make one
liter of solution. The solution was filtered,
appropriate dilutions made and the UV absorbance
taken at 253nm,

100mg of proguanil hydrochloride powder was also

dissolved in one liter of solution, appropriate dilutions
made and the UV absorbance taken. Content of drug was

calculated as for pyrimethamine.
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2.3 EFFECT OF pH ON UV SPECTRA

Proguanil hydrochloride

The effect of pH on the UV gpectrum of proguanil
hydrochloride was investigated by praparing solutions
of ﬂﬁ»gﬁﬂ and 4 Pg/ml in 0.4N H2304, O-1N HC1,
buffered sclutions of pH 1.5, 2.5, 3.5, 4.5, 4.2,

7.5 and running the UV spectra of the sclutions.

Pyrimecthamine Sulphate

The effect of pH on the UV spectrum of the drug
was investlgated by preparing solutions of 10 ug/ml
in O.4N HC1 and in buffer sclution pH 4.5 and running
the UV spectra of the solutions. The drug dissolves
in pH 4.5 after warming and leaving on the bench for
sometime. The drug was insoluble in buffer solutions

of pH 6.9 and 8.0.

Callberation Curve

Standard solutions werc prepared as follows:

100 ;g of proguanil hydrochloride was accurately
welghed and dissolved in 100ml of the appropriate
solvent.to give a solution of img/ml. 10ml of the
solution was diluted to 100ml to give a solutlon ;
100 mug/ml.  The solution of 100 pg/ml was further
diluted as shown below and the UV absorbance of the
solutions taken at the appropriate wavelength of

maximum absorption.



1ml in 25ml = 4 Pg/ml
2ml in 25ml = 8 pg/ml
2.,5m1 in 25ml = 10 pq/ml
3ml in 25ml = 12 pg/ml
4ml in 25ml = 16 Pg/ml
5ml in 25mil = 20 pg/ml
6ml in 25ml = 211 ngml
G.5m1 in 25ml - 26 FQ/ml

Graphs of absorbance versus concentration were
plotted. Slopes, intercepts anl ceorrelation
coefficients were calculnted using a T1 programmable

58 Texas instrument.

Dissolution Test

For thce dissclution test, thc USP XIX basket
method 1s described here. The basie parts of the
apparatus consists of a 100Cml-vessel made of glass,
a variable spced drive, and cylindrical basket,

The vessel 1s cylindrical with a flat bottom having
and internal diameter cof 100mm. It has a flanqged
upper rim. The vessel iIs fitted with a 1id which
has a number of openings one of which is central.

The variable speen motor causes a basket to
rotate in the vessel, The speed of the motor is
capahle of being varied an?! being maintained within
5 percent of the required specd, The speed used in
the present work is 100 revolutions per minute. The

motor drives the basket by means of a shaft which 1is



approximately 6mm in diamcter and about 300mm long in
such a way that the basket revolves smoothly and
without perceptible wobble. The shaft passes through
th= cecntral opening in the 13d of the vessel and is
positioned so that its axis is not more than 0.2cm
from the vertical axis of tho vessel. It carries at
its lower cnd a stainless steel disc of 25mm diameter
in which there is a 2mm vent.

The cylindrical stainless stcel basket

i)

assembly 1s malec of woven wire cloth with 2 nominal
aperture size of 425 um. It is jolned down onc side
with a narrow welded scam and with a flanged rim at
each end. The top of the basket is attached to the
iiisc on the driving shaft by three clipse.

The vessel 1s sccurely clamped in a watcr bath
in such a way that displacement vibration from other
equipment including the water circulating device is
minimize«d. The water bath is set to maintain the
tempcrature of the dissolution medium in the glass
vessels at 3?O_i 0.5°¢ and keep the hath fluid in
constant smooth motion.

The dosage unit is placed in a dry basket at
the beginning of cach lest, the basket is lowered
into position before the rotation is started.

This method was used in carrying ocut the

dissolution tests in this work.
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ProceMure

One litrc of the (lissolution medium was placed
in the flask of thc dissolution apparatus an! immersed
in a constant temperature water Lath maintained at
370{3 0.5°C. This was allowed to equilibrate. &
tablet was placed in the baskct which was then
immersced inte the flask and rotated at 100
revolutions per minute starting from a noted time.
Samples were withdrawn at ten minute intorvals
filtercd and Jdilutael, An equivalent volume of the
dissolution medium previously maintained at 37° i_O.SOC
was recplaced into the dissolution mediume The
dissolution runs were performed at lecast in
triplicate. Samples of the dissolved drug withdrawn
at given time intcervals were assayed by reference to
a standard caliberation curve., Cumulative concentration
at a gilven time was calculated using the formula

(Wurster and Taylor 1965)

Ch = Cs +-‘ié36

Cn rlenoteg the cumulative concentration of drug
rcleased at time t if the previous samples had not
been removerl.

Cs lenotes the spectrophotometrically measured

concentration

X denotcs the volume of sample removed at each

time wilithdrawal was made.



For proguanil 5ml samples were withdrawn and
diluted teo 50ml. For pyrimethamince 10ml. Samples
were withdrawn at each time interval and no dilution
was madces 1000 is the volume of the dissclution medium
in millilitres.

The formula makcs cumulative correction for the
previcusly removed samples not returned to the medium,
Wherc a calibration curve hald a significant intercept,

concentrations Cs were calculated using

X = Rl
Me
2.5 ULTRA=VICLET IRRADIATION

Procadure

Proguanil hydrochlori-de sclution

Procquanil hy<rochloride nowler 100mq was
dissclved in 100ml of buffcr solution pH 4.5 to
give a solution of 1mg/ml. 1ml of the solutlon was
diluted to 100ml to give a soluticn of 10{Pg/m1.
10ml of the sclution was »ut in two sample bottles
and irradiated at 366nm with UV lamp. Camag UV lamp
type 2900 with fixed wavelength at 366nm was used for
irradiation. The time of irradiation extended from
8-426 hours. The UV spectra of irradiated samples and
the correspending non-irradiated samplcs (control)
at room temperature werce run cn a Bye Unicam
spectrophotometor SP8-100. Solutions of proguanil

hydrochloride powder in pH 6.9 and pH 8.0 huffers were



similarly treated., The experiment was repeated and
the time of irrarllation limited to 8=1G8 hours. The
influence of reaction vessel was also lnvestlgated.
This wns ‘don¢ by repeating the procedure using five

sample hottles and one silica cuvette.

Pyrincthamine Sulphate Solution

Pyrimcthamine sulphate powder 10mg was accurately
wciched and dissolved in 100ml of phosphate huffer
solution pH 4.5 to give a solution of 10 ug/ml.

This solution was treated as described for proguanil
hyidrochlorides Pyrimethamine sulphate was insoluble
in pH 6.9 and pH 8.0 buffcr sclutions, therefore,

the experiment could not be carriced cut at these pH

values.

Procuanil hvyilrochloride tahlets

Proguanil hydrochloride tablcets 100mg were placed
in # clcan watch glass and irradiated with a 366nm UV
lampe The time of irradlation extended from one hour
to two months. Samples were removed at intervals of
12, 48, 96 hours, two weeks, one month and two months,
respectively. Dissolution rate tests of the samples
were carried cut. Non-irradiated tablets at room

temperature were used as control.

Pyrimethamlne sulphatc tablets

Pyrimethaminc sulphatc tablcts 205mg were
similarly treated as described for proguanil

hydrochloride tablets,
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2.6 ASSAY OF IRRADIATED TABLETS

Proguanil hydrochlorile tablets 100mg were placed
in & clean watch glass and irradiated with a 366nm UV
lampe. The time of irradiation extended for three wecks.
Samples were removed at intervals of 4,7, 10, 14 and 21
days and assayw! as describe! for non-irradiated
tabletz. Non-irradiated tablcets at room temperature

were used ag control.

Pyrimethamine sulphate tablots

Pyrimcthamine sulphate tablets 25mg were similarly

treated as described for proguanil hydrochloride tablets.



CHAPTER 3

RESULTS AND DISCUSSICON

The effeoct of UV radiation on the stability of
proyuanil hydrochloride and pyrimethamine sulphate
tablets and solutions has been investigated. The
influence of reaction vesscl and pH on the irradiated
solutiong were studiced. Also stated 1in this chapter[
are the results of the coffects of UV radiation on the
dissclution rate profiles of proguanil hydrochloride
and pyrimethamine sulphate tabloets in phosphate
buffered solution pH 4.5. The effect of pH on the

UV spectra of the drugs was studied.

3.1 EFFECT OF pH ON THL UV SPECTRA QF 1w

(a) Proguanil hydrochloride solution

It was observed that the UWespaectra of
proguanil hydrochloride solution in 0.1N H2804,
0,1N HC1l and in phosphate buffer solutions pH 1.5,

2.5, 3.5, 4.5, 6.9, and 7.5 were markedly different.

The spectrum in 0,.1N aclid and pH 1.5 were zimilar

showing a flattened penk (fig. 1)« The gspectra of
the drug in buffer solutions of pH 2.5, 3.5, 4.5, 6.9,
7.5 were similer showing the same eriteria for the two
peaks at 253nm and 232nm (fig. 1). The disappearance

of peak at 232nm at low pH could be assigned to proton
uptake by the amine groups of proguanil. The effect

of the amince substituents would be nullified qgiving

different wavelongth of maximum absorption in acid
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and alkaline medium. No bathochromic shift observed
between pH 2.5 and pH 7.5 but rather a flattening

of the peak at 253nm with a peoint of inflexicn at
248nm was quite evident., This seems to indicate that
protonation resulted in ancother reaction within the
medium that led to loss of peak. Although this work
was not aimed at establishing the mechanism of this
reaction, a proposed possible reaction of proguanil
hydrochloride in strong acid medium which could lead
to the loss of the spectral peak at 232nm is shown

in Scheme 1.

SCHEME 1

1 F 7
Cl-.——-' ) o
N \ /\_Ha (i)
\_7 3 i %l
HN HN 3

a M-l AUE - w
|
]GL\H,J
Cl — _...E , 1
\i’/N‘ﬂ/ﬂ - (111)
Home N N
G = n— /CH3
HE~cn
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1. The possibility of the 6-membered ring
formation plus the electronegativity of nitrogen
allows an intramolecular H-bonding by NG and N&

to form (ii).

2. Tautomeric shift of the proton on N3 to NB
allows the blguanide structure to rearrange to a
conjugated system as in (i1ii). The peak at

max 232nm is probably due to this chromophore.

3. In strong acid media (pH 2) all the nitrogen
are almost certainly protonated. The reduced
electronegativity of nitrogen with consequent
disruption of the H--bond the loss of the conjugated
system and the extension of the double bonds would
explain the disappearance of the peak at max 232nm.
The peak at max 253nm 1s probably due to the
p-aminochlorobengzence, In strong acid medium, the
nitrogen 1s nrotonated and the spectrum of this
moliety reduccs esscntially to that of benzene whose
absorpticns at max 203.5 ¢ 7400) and 254 204)

would be in agreement with the observed spectra.

Pyrimethamine sulphate solution

The UV gpectra of pyrimethamine sulphate
solutions in 0.005N HCl1l, 0.1N HCl and in buffer
solution pH 4.5 were similnr. The drug was not

soluble In pH 6.9 and pH 7.5 (See fig. 2).



- 00 -

3.2 ASSAY

Assay of proguanil hydrochloride tablets used
(ICI B19 and B20) shows that there was no considerable
difference in their content of proguanil hydrochloride
(Table 1). BP stated drug content is 95-105%.

Assay of pyrimethamine sulphate tablets (B5, B7 and
B191) shows that there was no considerable difference
in their content of pyrimethamine sulphate (Table 2).
BP stated drug content is 92.5-107.5%. From the
results it can be concluded that the batches of the
drugs used (proguanil hydrochloride 519, B20 and ICI,
pyrimethamine sulphate B5, B7 and B191) complicd with

the officlal B.P (1980) specification for drug content.

3.3 DISSOLUTION TEST

Linear calibration curves with good correlation
coefficlents of proguanil hydrochloride are shown in
figures 3a, 3b and 3c. The dissolution rates of the
tablets centaining proguanil hydrochleoride (designated
as ICI, B19 and B20) in phosphate buffer solutions
pH 2.0, 4.5, and 7,2 calculated as the pcrcent
proguanil dissolved at various time periods are shown
in Tablos 3w5), Fiqgures 4-6 graphically represent
the time dissolution rate profiles.

Figure 4 shows the comparison between in-vitro
dissoluticn rate profile of proqguanil tablets in
phosphate buffer soluticn pH 2.0. Each point is

average of triplicate determinaticns. The dissolution
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TABLE 13 QUANTITATIVE DNETERMINATION OF PROGUANIL
HYDROCHLGRIDE TARLETS '

Compound Drug Content (in mg) Percentage  8.D
QCU 319 99.39 99.89 + 0.62
QCU B30 101,93 101.53 + C.08
ICI 97.61 C97.61 1 0431

BP 1940 spaecified drug content

(95-1053% |

S.D. = Standard deviation.,



TABLE 2:; QUANTITATIVE DETERMINATION OF EYRIMETHAMINE
SULFHATLE TACLETS

Compound Drug Content (in mg) Pecrcentage(®) S.D.

8191 25.29 101.16 + 0.73

BP 1980 specified drug content = (92,5-107.5)%

SaDe = Standard deviation. T
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TADLE  3.1: DISSOLUTION RATE DATA OF THE THREE LOTS
OF PROGUANIL HYDROCHLORIDE TADLETS INM
PHOSPHATE BUFFER SOLUTICON pH 2.0.

TIME Percentage Released (%) ‘
MINUTES
1319 B20 ICI
10 ' 84.81 63.32 52413 .!
20 87.63 89,07 76490 i
30 ' 88.12 92.42 82,58 |
A0 £8.61 93.37 34.88
50 B88.65 93,44 86.26
GO H8.69 ' 93.52 86.27
70 88.73 93,59 86.29
80 20,76 94,10 86,30

90 89.24 94,17 86.31
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TADLE 3.2: DISSOLUTION RATE HALF-LIVES (TSO%) OF

PROGUANIL HYDROCHLORIDE TABLETS IN
PHOSPHATE BQUFFER SOLUTION pH 2.0.

TABLET TSO% {MINUTES)
B1% _ 6.0
1320 8.0
ICT 3 9.5

KEY

B19, B20 = Quality Control Products.

ICL = Imperial Chemical Industrics Product.
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Fate increased for the first thirty minutcs and

finally became constante. The dissclution half-lives
T50% expressed as the time required for 50% of the
drug to be releascd in the dissolution medium were
found to be 6.0, 8.0, and 9.5 minutcs for B19, B20 and
ICI respectively., T50% was less than ten minutes

for all the batches. Although 100% release was not
achicved in any of the batches from the 30th minutc
the cumulative porcentage release became constant,

It appenrs that the dissolution medium was probably
saturated so that ne more drug went into solution,

Figure 5 shows the comparison between in-vitro
dissolutlion rate profile of proguanil hydrochloride
tablcete in phosphate buffer solution pH 4.5. At
pH 4.5 therc was an initial rapid rclease such that
in the first 10 minutcs more than 70% of drug was
relcasaed into the dissolution medium. T50% were
found to be 3.5, 4.8, and 6,5 minutes for B19, B20
and ICI respectively.

Saturation of medium was not obscrved at pH 4.5
and cumulative release was not significantly different
for the three batches (Scc table 4), Cumulative
percentage release was significantly different from
valucs at pH 2,0 (Paired t-test p 0.001).

The best dissolution occurred at pH 4.5 probably
indicative of the fact that thils drug dissolves best
in a weakly acidic medium. Extrapolating the

éﬂrvitro results to in-vivo situation maximum
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TABI:E 4.1 DISSOLUTION RATE DATA OF THE THREE LOTS
OF PROGUANIL HYDROCHLORIDE TABLETS 1IN
PHOSYHATE BUFFER SOLUTION pH 4.5

s

T TME Peréentage ﬁéleésed {%)
MINUTES B19 © B20 e 1
T 1o 75.95 72.85 7:5?%“_'_
20 84.34 - 18.12 80478 |
30 88,26 83.42 B7.71 I
40 91,70 85,30 89.81 |
50 94.15 87.68 91.79 |
60 96 .62 89,38 9%.26 |
70 98.09 90.51 95,26
80 98.56 91.93 96 .49

20 99.04 92.67 98.75
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TABLE 4.2: DISSOLUTION RATE HALF-LIVES (Tgqy)

OF PROGUANIL HYDROCHLORIDE TABLETS
1IN PHOSFHATE BUFFER SOLUTION »H 4.5

TABLET TBO%(MINUTES) {
B19 3.5 E
B20 4.8 i
ICT | 6.5 B
N

KEY

B19, BZ20O = Quality Control Products.

ICI = TImperial Chemical Industries Product.
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absorption of proguanil could be expectzd to cccur
in the proximal part of the small intestine. This
is very likely becausc the drug is basic and at pH 2.0
it will be almost wholly cationic in the stomach and
the cation being hydrophilic is not appreciably
absorbeds In a less acidlc medium the unionised
lipid soluble form of the drug will predominate to
ensure qood absorption.

igure 6 shows the comparison between the
dissolution rate preoflle of proguanil hydrochloride
tablets in phosphate buffer solution pH 7.2. At
pH 7.2 there 1s very high initial drug release, above
80% of the drug is in soluticn by the 10th minute.
At about 30 minutes a reqular pattern had been
initiated for all the batches, the dissolution
ratc Increcased and finally became constant. There
is no significant difference in the rate and extcnt
of the drug relcased, If this werc to simulate
in-vivo condition, at this pH, the three batches
could be said to be bloequivalent., T50% werc found
to be 6.0, 6.0 and 6.5 minutes for D19, ICI and B20
respectively.,

The official BP 1980 requirement for dlssolution
rate test states that for each dosage form tested,
the amount of active ingredient in solution is not
less than 70% of the stated amount aftcr 45 minutes
unless otherwise specified in the monograph. At all

pHs these results complied with this specification.
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TABLE 5,1:; DISSOLUTICN RATE DATA OF THE THREE LOTS
OF PROGUANIL HYDROCHLORIDE TABLETS IN
PHOSPHATE BUFFER SCLUTION pH 7.2,

TIME ~ Percentage Rej:eased L(%)
MINUTES
B19 B2 ICT

10 86.71 82,34 84,15

20 88.09 85.47% 85.99

30 89,47 86,78 86,47

40 89.52 87.26 86,49 |

| -

50 89.56 87.30 86.51 |
60 89.61 87.34 86,53

70 89,65 87.38 86.09

80 . 89.69 87.42 86,55

98 89,72 | 87 .45 86.56
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TABLE 5.2: DISSOLUTTON RATE HALP-LAIVES (TMy.)

IN PLUCTHATE BUFKFER SOTUTION pH T7.2.

PAETRR Perran {MINUTT™S)
21¢ 5.0
R20 8.5
TCHr 6.0

KEY

B19, B20 = Quality Coatrol Product

ICI = TImperial Chemical Industries Product.
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At the given pH, temperature, agitation and otheri
unidentificd variables the results indicate the

solubilities of the drug in the preparations.

3.4 IRRADTATION OF PROGUANTL HYDROCHLORIDE TABLETS

Tha resulés of the cffect of W irradiation on

the dissolution rate profile of proguanil hydrochloride

tablets in phosphate buffer solution pH 4,5 are shown
in Flgures 7=8 and Tables 6=7.

It can be seen thare was variafion in the «
cumulative percentage rclecase of the non—irradiated
and irradiated tablets in the buffer solution at
pH 4,5 although neither the degree of agitation
(100 rep.m nor the volume (1000ml) of the
dissolution fluid was varied, .

An average decrenrse of 21% of the cumulative |
percent release of the non-irradiated drug was
observed, The results obtainod were subjected to .
statistical (paired t-test) analysis which indicatéd
a significant difference between the results of the
non~irradinted and irradiated tablets at the 5%
confidence level. See tables 6 and 7,

UV irradlation affects the dissolution rate
proefile of proguanll hydrochloride tablets in g

phosphate buffer solution pH 4.5.

3.5 TRRADIATION OF PROGUANIL HYDROCHLORIDE SOLUTION

IN

BUFFER SOLUTIONS pH 4.5, pH 6,9 and pH 8,0

When this experiment was first performed in

buffer solution pH 4.5 using silica cuvettes, the
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TA3LE €: EFPECT OF UV RADIATION ON THE DISSOLUTICON RATE PROFILE OF PROGUANIL HYDROCHLORIDE

TARLETS (ICI) 1IN PHOSPHATES BUFFER SOLUTICN pH 4.5

TIME Percentage Released (%)

HOURS OF IRRADIATION

- MINUTES . 12 24 483 96 2 weeks 1 month 2 months
- 5 | 60,24 64.02 55.90 52.25 47.41 46.50 37,91
TULU 40 . 72427 T2452 TA.59 72450 66430 - 64,82 57425 50.38
.20 80.78  80.57  80.59 81459 75,38 70435 64,67 58,84

o - . 30 87.71 * 85.06  85.09 86.09 81489 76.68 72,06 63.73
m. .40 89.81  87.53  87.56 88.56 °  84.35 81.66 76,09 70.55
50 . 94,79  89.01  89.45 90,02 86.81 82,56 © 80.16 73,00
60 - 93.26  90.45 90,92 92.52 88.26 84.84 80.61 75.87
70 . 95.26  91.91  92.39 92.96 89.72 87.11 83,32 78.31
B0 - 96.49  92.36  92.84 93.41 90,15 91436 83,77 78.69
90 . 98.75  92.81  93.28 93.86 90,59 91.87 86.50 79.10

~.. P Lo.001 £0.02  €0.05 <0.001  £0.001 <0.001 < 0,001

NI = Non Irradiated tablet,
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TABLE 7:

EFFECT OF UV RADIATION ON THE DISSOLUTION RATE PROFILE OF PROGUANIL

HYDROCHLORIDE TABLET QCU B20 IN PHOSPHATE BUFFER SOLUTION pH 4.5.

TIME Percentage Released (%)
HOURS OF IRRADIATION

SESLED N 12 a8 56 2 weeks 1 month 2 months
5 51.02 55.90 54.94 56.41 49,05 38,27 26,49
10 72485 73.86 71.21 70.23 64,01 55.14 39.38
20 7812 79.13 75.49 75445 65.24 60,81 51.34
30 83.42 81.98 7949 7949 78 .49 66,03 56.50
40 85.30 84 .84 82433 84,30 76,82 69.30 61.69
50 87,68 86.92 864,17 85420 79.65 7324 63.47
60 89.38 87.64 B87.58 87.29 82.98 74,90 66.23
70 90.51 86.07 88.00 87.71 83.39 76,25 6737
80 91.93 88.98 89.41 88,92 83.79 7760 69.67
90 92.67 90.39 89.84 89.35 85.67 79.94 70.99

P £ 0.5 £0.5 <0.001  £0.001 <£0.001 0.001
NI = Non-Irradiated tablets.
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solutions were subject to evaporation although the
cuvettes were covered. This made it difficult to
follow the reection and laboratory specimen bottles
were employed in place of the cuvettes,

Significant differences were recorded both in
the absorbances and spectral picture of duplicate
experiments at the same pH. At pH 6.9 in one
experiment the peak at 232nm disappeared after
sixteen hours while in the duplicate it disappeared
after twenty four hours. At pH 8.0 the peak at 232nm
becamc the major peak after 16 hours while in the
duplicate, there was no visible change even after
426 hours. At pH 4.5 no visible change was observed
in the spoctra even after 426 hours (Sce figures 9
(1a=1b), 10(1a=-1b), 11 and table 8).

Thesc results were indication that the reaction
vessel could have influenced the reaction to an
appreciablc extent and so the above observations
cannot be attributcd to pH changes. To investigate
the influence of the glass vessel used for the
rcaction, a set of experiments were performed at each
pH using the same sample bottles. It was observed
that at pH 4.5, evidence of photochemical reaction
appeared after 8 hours of irradiation. Black
precipitate was cbserved, The peak at 232nm became
Ehc major peak after 16 hours and disappeared after
24 hours. This observation was made in one

experiment out of six. In two other experiments,
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TABLE 8: EFFECT OF UV RADIATION ON PROGUANIL HYDROCHLORIDE IN PHOSPHATE
SUFFER SOLUTIONS {(pH 4.5, 6.9 AND 8.0) AT 366nm.
. TIME ABSORBANCE
pH 4.5 pH 6.9 pH 8.0

HOURS 1 2 NI 1 2 NI 1 2 NI

8 0,486  0.477  0.457 0.463 0.460  0.465 0.535 0.539 04450

16 0,488 0.477  0.457 0.539 0.470 =~ 0.465 0,536 0.591 0,450

24 0,500 0.489  0.457 0.5%94 0,503  0.430 0530 0.586 0.450

, 32 0.519 0,503 0.465 0.59¢ 0.503 " 0.430 04530 6.586 04450
© 40 0,519 0.503 0.465 0.614 - 0.505  0.365 0.538 0590 0450
w 49 0,523 0,506 0.465 0.648 0.537  0.355 0536 0.608 0.450
60 0.523 0.506  0.467 0.678 0.537 "~ 0.345 0.538 0.608 0.450

96 0.520 0.525 0.464 G703 0.556 7 0.240 0.568 0.643 0.450

124 0.535  0.525 0.465 0.725 0.557  0.340 0.569 0.648 C.460

220 0.558  0.544 0.468 0.725 0.557  0.340 0.598 0.651 0.462

330 0.608 0,588 0.470 0.725 0,557 0,343 0623 0.662 0,462
426 0.610 0.588 0.470 0.725 Co557 04345 0.662 0,665 0.460
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the peak at 232nm flattened out and remained the major
peak (Filg. 12c). 1In the other three experiments,
there was no change in the spectral peaks (Fig. 12d).
In all experiments there was increase in absorbance

at 253 and 232nm.

At pH 6.9, only two experiments were compared.
After 8 hours the difference in the absorbance between
the two peaks decreased from 0,04 to 0,01. In one
experiment, the peak at 232nm disappearance after 16
hours, the peak at 253nm flattened after 40 hours and
there was colour change in solution from colcurless
to yellow betwcen 96-124 hcurs. The peak at 253nm
disappeared completely after 426 hours., Similar
observations were not made in the duplicate
experiment. The peak at 232nm disappeared after 32
hours, there was no colecur change in reaction medium
even after 426 hours, The peak at 253nm remained
stable even after 124 hcurs and flattened after
426G hours. (Fig. 13a - 13c).

In buffer solution pH 8,0 in one experiment the
peak at 232nm disappeared within 8 hours. 1In all
experiments except the silica cuvette experiment,
black precipitate was observed by the 96th hour.

In all experiments, there was increase in absorbance
of peaks at 232nm and 253nm respectively (See

Fig. 14a - 14b and Table 11).
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TABLE 93 EFFECT ON UV RADIATION CON PROGUANIL ;
HYDROCHLORIDE IN BUFFER SOLUTION pH 4.5
AT 366nm.

TIME Abscrbance

HOURS SILICA EXPT. EXPT. EXPT. EXPT. EXPT. NI

CELL 1 2 3 4 5 S
8 0.550 0.546 0.586 0.539 0.541 0.548 0.535
16 0.554 0.546 0.610 0.541 0.541 0.562 0.535
24 0,558 0.550 0.621 0,543 0.553 0,583 0.530
28 0.558 0.550 0,732 0,562 0.582 0,591 0.535
72 0.858 0,552 0.732 0.562 0.583 0,595 0.538
96 0.566 0.557 0.807 0.563 0.591 0,601 0.538

144 0.572 0,568 0,807 0,567 0.595 0,612 0.538

* = Appearance of black precipitate, i

. = Loss of spectra peak at 232nm é

NIb = Non~Irradiated Solution.
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TADLE 10: EFFECT OF UV RADIATION ON PROGUANIL
HYDROCHLORIDE IN PHOSPHATE DBUFFER
SOLUTION pH 6.9 AT 366nm.

TIME ABSORBANCE
s EXPT EXPT NI
1 2
8 0.463 0,460 0.470
16 0.539 0,470 0.470
32 0.598 0.503 0.430
A0 0.614 0,505 0¢375
40 0.648 0.537 0.355
60 0.678 0.537 0.345
96 0.703" 0.556 0.340
124 0. 725 0.557 0.340
426 0.y27* 0,557 0,340
Key NI = Non Irradiated Sclution

= Disappearance of peak at 232nm

4 = Disappearance of peak at 253nm

= Flattening of peak at 253nm

. = Solution changed colour to yellow.
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TABLE 11: EFFECT OF UV RADIATION ON PROGUANIL
HYDROCHLORIDE IN PHOSPHATE BUFFER
SOLUTION pH 8.0 AT 366nm.
TIME ABSORBANCE
EXPT. EXPT. EXPT. EXPT. ??él’T NI
HOURS 1 2 3 4 (S::E[:EIJ;‘CA
8 0.499 0.84B 0.503 0,450 0.496 0.514
16 0.499 0.551 0.503 0.498 0,502 0.510
24 0.509 0.563 0.513 0.503 0,507 0.515
48 0,533 0,590 0,519 0.51; 0.519 0,517
72 0.342 0.613 0,522 0,519 0.542 0.517
96 0.540 0.613 0.521 0.519 0.555 0.517
Key: + = Appearance of black precipitate
. = Disappearance of peak at 232nm
NI = Non-Irradiated Solution,
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Silica cuvettes were again employed in these
experiments. Evaporation was minimized by covering
the cuvette first with a plastic cover and then
aluminium foil. At pH 4.5 there was increase in
absorbance of both peaks at 232nm and 253nm
respectively. At pH 8.0, the peak at 232nm became
the major peak after 96 hours, No precipitate was
however observed using the silica cuvettes.

From thcse observations, the type of glass
in which this reaction occurs is very important
because a photochemical rcaction depends on the
number of photons of light absorbed. 1If the glass
is such that it abscrbs a large percentage of the
incident light ther photochemical reaction may not
occur,

This study further supports the previous
findings of Sams and Carrol (1966) who studied the
UV irradiation of chloroquine diphosphate in 0,1M
phosphate buffer pH 7.4. They observed that uUv
irradiation refulted in marked depression of the
characteristis peaks at 328nm and 342nm and a
significant increase of absorption in 2€7=300nm
range. The shift did not occur when ir:adiation wasg
done at pH 5.0.

This work also establishes the fact that
preguanil hydrechloeride in phosphate buffer solution
PH 4.5 = pH 8,0 readily enters into photochemical

reaction,
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Influence of pH on the photochemical reaction was
determined by comparing the rosults cbtaincd from
the same sample bottle. This was done on the
assumption that the radiation absorbed by a given
sample bottle remained unchanged at the different
pH 4.5, pH 6.9, and pH 8.0,

The result is shown 1in table 12 and fig. 15a=15c.
There is increased abscorbance in the three media
with the greatest increase at pH 4.5. The peak at
232nm disappeared within 8 hours in pH 8.0 and within
24 hours in pH 4.5 and pH 6.9, Black precipitate
was observed within 8 hours in pH 4.5 and pH 8,0.
No precipitate was observed in pH G.9. The photo=~
chemical reaction of proguanil hydrochloride in
phosphate buffer solutions appears to be dependent
on pHe The rate of recaction under the same conditions
appears to be in the order pH 8.0 »pH 4.5 3>pH 6.9,

Fig 16 shows the combincd influence of pH and
reaction vessel. Evidence of a photochemical
reaction was observed at pH 4,5, 6.9, and 8,0 within
the first eight hours of irradiation either by the
appearance of a black precipitate or change in spectral
peak. The peak at 232nm disappearcd within 8 hours
in 8.0, 16 hours in pH 6.9 and 24 hours in pH 4.5,
No precipitate was cobserved in pH 6.9 and the colour
change observed in pH 6.9 was not observed in the

other buffer solutions pH 4.5 and pH 8.0,
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TADBLE 12:

o) 100 —

INFLUENCE OF pH ON THE IRRADI/TION OF
PROGUANIL HYDROCHLORIDE IN PHOSIHATE
BUFFER SOLUTIONS (pH 4.5, 6.9, 8.0)
AT 3€6nm.

TIME ADBSORKBANCE
HOURS pH 4,5 pH 6.9 _pH 8,0
'+
a 0.506% 0.460 0.548
24 0.621* 0.503° D563
72 0.732 - 0.613
Key: L = Disappearance of peak at 232nm

= Appearance of black precipltate,
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In buffer solution pH €.9 there 1s cvidence of
absorption at 344nm hut the concentration of the
product was probably too small for a well defined
peak (see figure- 13).

The obsecrvation of precipitates may be indicative
of catalysis in these reactions. The catalyst could
be produced from the glass vessel which is able to
release alkalil ions in addition to various cations,
Its alkaline surface may raise the pH of pharmaceutical
and induce chemical recection. These results indicating
the photochemical reaction of proguanil hydrochloride
are consistent with the observed complexity of
phntnlytlia fe~rt®~ng. Mo %inetics of photochemical
reactinne e mors ~omnlicated than thermal reactions
because more variables are involved. The intensity
and wavelength of light, the size and shape of the
container may greatly affect the reaction. A photo-
chemical reaction may be accompanied by a thermal
reaction identical to the photochemical reaction or
opposite to it. A photochemical reaction may produce
a catalyst which then causes a thermal reaction to
proceed at a measurable rate. Sometimes an induction
period is necessary while a sufficient quantity of
catalyst is being accumulated to make reaction

proceed at a measurable rate (Lachman 1976).
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3.6 ASSAY OF IRRADIATED T/ABLETS

The results are shown in kable 13,

Proquanil hydrochloride tablets

Proguanil hydrochloride tablets showed
significant decrease in drug content (P &£ _0.05) after
UV irradiation (366nm). Approximately 9% of the drug
was lost after thrce weeks of irradiation., British
Pharmacopoeia 1980 specified drug content for
proguanil hydrochloride tablets is 95-105%.

Proguanil hydrochloride tablets failed to comply with
this specification after three weeks of UV radiation
(366nm). Drug content after three wecks irradiation

was determined to be 38,15%.

Pyrimethamine sulphate

Pyrimethamine sulphate tablets showed no decrease
in drug content after threc weeks of UV irradiation
(366nm), British Pharmacopoea 1980 specified drug
content for pyrimethamine sulphate is 92,5 - 107.5%.
Irradiated pyrimecthamine sulphate tablets comply with
this specification. Drug content after threce wecks
of irradiation was determined to be 100.3%. This is
an indication that pyrimethamine sulphate is probably
stable to UV radiation (366nm).
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TADLE 13: QUANTITATIVE DETERMINATION OF PROGUANIL
HYDROCHLORIDE TADBLETS AND PYRIMETHAMINE
SULPHATE TABLETS AFTER UV IRRADIATION
(366nm) FOR PERIOD CF THREE WEEKS.

TIME PERCENTAGE (%)
e
PROGUANIL PYRIMETHAMINE SULPHATE
DAYS HYDROCHLORIDE Qcu Rn7 Wellcome B191
0 57.61 100,88 101.16€
4 95.52 100,57 101.49
7 92415 100,11 100,62
10 90,62 100.15 101, 37
'1‘1’ 88.63 98.'15 '100¢82

P 0,05
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3.7 DISSOLUTION RATE TEST OF PYRIMETHAMINE SULPHATE
TABLETS

Linear calibration curves with ¢good correlation
coefficicents of pyrimethamine sulphatc arc zhown in
Figures 17a and 17b.

In figure 18 and Table 14 arc shown the in-vitro
dissolution rates of pyrimethamine sulphate tablets
in 0.1N HCl1l from two differcnt manufacturers, Quality
Control Unit, Ahmadu Bello University, Zaria (QCU BS,
QCU B7) and Wellcome Nigeria Limited (B191). From
the results, it is apparent that there was a gradual
release of drug for the first 60 minutes after which
the cumulative release of pyrimethamine into the
dissclution medium boecame constant. Cumulative
percent rclease at the 60th minute decreased in the
order B7-;B191 7B5,.

The dissclution half-lives T50% were found to bhe
845, 15 and 17.5 minutes for B7, B191 and BS
respectively (Table 14.2).

Cumulative percent release became constant
although 100% release was not achieved. This reflects
the solubility of the drug in the medium.

Fig. 19 and Table 15 show the in-vitro dissolution
rates of pyrimethamine sulphate in ghosphate buffer
solution pH 4.,5. The dissolution rate profile showed
a consistent gradual release of the drug into the
dissolution medium., Large variation in dissolution

rate is apparent from the T50% values which were
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TABLE 14.7: DISSOLUTION RATE PEOFILES OF
PYRIMETHAMINE SULPHATE TABLETS
IN C.IN HC1.

TIME o . Percontage Released (%)
MINUTES QCU 135 QCU ”Y 5191
0 37,76 58,64 . 41.16 :}-
20 53.69 74,97 58,53 ﬁ.
30 7 G4.91 80.20 . 66.35 s
40 - 71.77 62,69 o 75.13
50 © 75,58 85.24 ; 77.94
60 76 .76 86.18 78,48
70 . 76.86 86.38  78.32
80 76.96 87.11 78443 |

90 ' 77.27 87,23 76.93




TABLE 14.2:

o~ 240 -

DISSOLUTION RATE HALF-LIVES (T507

OF PYRIMETHAMINE SULFHATE TALLETS
IN O0.41N HC1. -

)

N

TADLET Togq (MINUTES)
| ]
B7 0.5 I
B
5191 5.0 3
. i
B5 1745 2

B5,

3191

B7

]

Wellcome Product

Guality Control Products,
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TABLE 15.1: DISSOLUTION RATE FROFILES OF
PYRIMETHAMINE SULPHATE TAULETS
IN PHOSVHATE DUFFER pH 4.5.

TIME Percentage Released (%)

MINUTES QCU B35 QCU B7 191
10 19.67 AT5T 50.11
20 29.64 54,20 7374
30 40,50 70,99 09,30
40 48,07 80.41 93,93
50 56.72 :“-I.l? ’)5.‘:4
’.-'O GG‘“{-J ;9-15 ;'6-36
70 6723 02.TH 97.28
80 T1.47 9€ .64 97.61

20 74 .94 93435 98,33




TABLE 15.2:

w 113 -

DISSOLUTION RATE HALF=LIVES (TSO%)

OF PYRIMETHAMINE SULPHATE T.,DBLETS
IN PHOSPHATE "UFFER SOLUTION pH 4.5.

TABLET Teoy (MINUTES)
3191 9:5
n7 17:5
B35 42,0
3191 = wWellcome Froduct.

Quality Control Product.
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found to be 9.5, 17.5, and 42 minutes for B191, B7
and B5 respectively. The cumulative percent release
after 90 minutes is similar for Wellcome and B7 being
98433% and 98.35% respcctively. B5 released 75% of
the drug into the dissolution medium after 90 minutes.
The variation in T50% between the products of
the two manufacturers could probably reflect the
influence of aging or nature of the other ingrecdients
employed in the manufacture of the tablet on the
dissclution rate. This may have thcrapeutic implications.
For a patient changing from cither B191 or QCU B7 to
QCU B5 there may be chances of undermedication.
Saturation of the Jdissoluticn medium which was
observed in O.1N HCl solution after 60 minutes was
not observed in huffer solution pH 4,5. Cumulative
percentage of drug released increased consistently in
buffer solution pH 4.5, This difference probably
reflects the solubility of the drug in the different
media. Pyrimethamine sulphate was insoluble in buffer
solution pH 6.9 and above. Similar tec proguanil
hydrochloride, pyrimethamine sulphate probably dissolves
best in a weakly acidic medium., BP 1980 specification
for dissolution rate test states that for each dcsage
form tested the amount of active ingredient in
solution is not less than 70% of the statced amount in

45 minutes unless otherwise specified in the monograph.
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In O,1N HCl solution the dissolution test of the
three batches from the different manufacturers c
complied with the B’ 1980 specificaticne 1In

phosphate buffer sclution pH 4.5, batch 5 of QCU

failed to comply with the spccification.

3.8 IRUADIATION OF PYRIMETHAMINE SULPHATE
TADLETS AT _366nm

The results are shown in Figures 20-21 and
Tables 16=-17.

Pyrimethamine sulphate tablets from Wellcome
Nigeria Limited batch 119 showed an increase in
dissolution rate after 15 hours of irradiatione.
Cumulative percentage of drug releascd in the
first twenty minutes increased from 73.74% to
94.4%. On irradiation the tablets changed colour
from whitce to yellows Only the surface dircctly
exposed to the UV lamp changed colour, the underside of
the tablets retained the original white cclour.

TSO% was calculated to be 10 minutes and 4.5
minutes for the non-irradiated and irradiated tablets
respectively, This represents more than 50% increase
in the dissolution rate. This may have significant
influence on the bloavaillabililty.

Levy and Procknal (1962) observed an unusual
behaviour due to film formation in the dissolution

rate profile of aluminium acetyl salicylic acid in
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TABLE 163 COMPARISON BETWEEN IN-VITRO DISSOLUTION RATES OF PYRIMETHAMINE SULPHATE
: TABLETS WELLCOME B191 IN PHOSEHATL SUFFER SCLUTIONS pH £.5 AFTER UV
TRRADIATION CF TAIZLETS AT 366nm FOR A PERIOD OF 15 HOURS TO 2 MONTHS

TIME Percentage Released

HOURS OF IRRADISTION

MINUTES NI 15 48 120 1 menth 2 months
5 28,47 68480 66462 71.17 70.35 71.35
10 50.11 87.58 25 .68 S R33.48 87,33 8C.40
20 73,74 94 .48 5,03 0L .72 97.29 $7.06
30 £9,30 95,61 95,77 95,55 . 98,43 0841
40 99,93 55,55 96,50 96439 99,61 . 99,185
50 G5 44 96,27 96,034 96,92 99,78 99,64
60 96,36 96560 97 .37 97.25 99,54 99,70
70 97.28 96,72 97,70 97.58 100.05 95.86
a0 97.€1 97.04 90,02 57.70 100.25 100.00
90 9%.33 97,94 98,34 95.21 100.38 100,14
NI = Non=Irradiated tablets.



041N HCl. Levy and Gumtow (1963) chserved that a
water soluble surface active lubricant sodium lauryl
sulfate enhanced markedly the dissolution rate of
salicylic acid contained in compressed tal)lets. This
effect appeared to be due to interfacial tension
lowering of the surfactant. Thelr recult showed that

a surfactant can enhance the dissclution rate of drugs
containe? in compressed tablets and cause them te he
more rapidly and more completely abscrbed. Higuchi

and Hamlin (1963) examined the problem in which rate of
rclease in acid solution of an amine drug from a pellet
of a weak acld salt of the amine was contrclled by a
coat which was formed by precipitation of a weak acid
onto the pellet surface., Morozowich et-al (1962)

noted that the release of benzphetamine from pellets

of benzphetamine pamcate in C.12N HCl was controlled

by a layer of pamoic acid which was deposited on the
pellet surface.

The unexpected increase in dissolution rate of
irradiated pyrimethamine sulphate tablets by Wellcome
{B191) could be attributed to complex formation induced
by UV irradiation which enhanced the dissolution rate,
Light could have affected one of the inactive
ingredients used in the formulatiocn. The product of
reaction prolably complexed with pyrimethamine in
which pyrimethamine remained stahle but more soluble.
The complcex may have formed on the tablet periphery as

a film, on dissolution after the complex had gone,
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the core was left with the unaffected part and rate of
dissclution dropped to that of the non-irradiated

tablet. Change of colour of pyrimethamine tablet may

ke as a result of the presence of the complex. A
change of colour of pharmaceutical product is

usually a visual indication that somc form of chemical
or photochemical decomposition is occurring (Rawling
1977).»

Grimshow (1963) defined the stability of a
pharmaceutical preparation as the period of time from
the completion of the preparation until the development
of an off-odour or off-colour to a point where the
article is no longer commercially acceptable, This
preparation having developed an off-colour on
irradiation to a point wherc the article is no longer
commercially acceptable is an indication of photo-
deqgradation by one of the other Ingredients employed in
its manufacture,

Pyrimethamine sulphate tablets produced by
Quality Control Unit A.D.U., Zaria showed a decrecase
in dissolution rate after UV irradiation (sce Tahle 17)

TSO% was calculated to be 17.5, and 21.5 minutes
respectively for the non-irradianted and irradiated
tablets (Fig. 21).

From the assay of irradiated tablets, decrease
in drug content was not observed even after three weeks
of irradiation., Significant decrease in dissolution

rate was obscrved from the 15th hour of irradiaticn
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ABLE 17:

COMPARISON DETWEEN IN=VITRO DISSOLUTICN RATES OF PYRIMETHAMINE

- SULFHATE TABLETS QCU B7 IN FHOSFHATE DUFFER SOLUTION pH 4.5
AFTER UV IRRADIATION OF TABLETS AT 366nm. FOR THE FERIOD OF
TIME 15 HOURS TO 2 MONTHS.
TIME Percentage Rcleased (%)
HOURS OF  IRRADIATION
MINUTES NI 15 48 120 1 month 2 months
5 29.74 24.58 18464 24.19 23.79 20,42
m 10 37.57 35.14 33.10 37.51 37.31 36.29
ﬁ NO ulu..‘im__u r\»ﬂvnﬂﬁ, utm.r\.\ mm.mm n“ﬁ,ommd .”.muol._.w
i 30 70,09 62455 63.06 63.98 60.77 59.73
40 80441 72408 75«15 74,50 72.07 72,22
0 84.17 £0.13 21427 81.99 79.71 80.05
60 89415 85.06 05.82 05436 84,05 83.02
70 92475 90.46 9140 90.94 39422 £5490
30 96,64 93,50 94 .06 92479 91.66 88.14
90 8435 07,56 96,933 $6.97 93,72 91422
P < 0,001 <D.0 <0.01 <0.001 £.0.001

NI = Non=Irradiated tablets.
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therefora decrease in dissolution rate is not due to

decrense in drug content. The work of Cooper and

Brecht (1%57), show that surfactants in tablet
formulation could effectively reduce disintecration
time. Levy and Gumtow (1963) also observed that the
lubricant magneszium stearate retarded the dissulutioh
rate of salicylic acid contained in compressced tablets.
This retarding effect was partially attributed to !
delayed granule disintegration and raduced contact !
between drug and scolvent, Decreasc in discolution :
rate observaoed hore for pyrimcethamine sulphate in QCU 37
could be due to the effect of UV radiation on a ?
lubricant which resulted in modification of tablet I
disintegration time thereby affeccting the dissolution
rate. The similarity bhetween the observatlions made heré
an:d the work of Levy and Gumtow (1%63) on the effect of
lubricant on the disscluticn rate of salleylic acid

containzd in compressed tablets is sheown in figures.

22a - 23h. I

3.9 IRRADIATION OF PYRIMETHAMINE SULPHATE IN B
: FHOSIPHATE DUFFER SOLUTION pH d.D.

The rasults arce shown in Table 18 and Pigure 24,

On irradiating pyrimethamine sulphate in phosphate
buffor solution pH 4.5 at 306nm an incroasc in m'
absorbance was observed., Thip remained consistont
until the irracdiantion was stopped after 96 hours. ! '
Nelther depression of peak nor gpoctral shift was |
obsarverd, In tw. out of the six experiments carried out,

L
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TABLE 10:  EFFECT OF UV RADIATION ON PYRIMETHAMINE
T SULPHATE IN FHOSPHATE PUPFER SOLUTION
PH 4.5 AT 3G5nm.

TIME ABSORDANCE
EX2T . EXPT . EXPT. EXPT « EXPT « N
y

'3 0.008 0,620 0,634 0.671 0,606 0,603
20 0625 0.673* 0.655 0,616 0,645 0,603
A4 0.626 0,726 0.650 04647 0.654 0.600
96 0,639 0,731 0.667 0,627 0,668 0,606

Keys * = Appearance of black precipitate.

NI = Non Irradiated Sclution.,
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black precipltatce was cobscrved,

It is known that when certain compounds which
undergo photochemical reactions are exposed to UV
light they usually showed an increase in absorbance
of their UV spectra followed by destruction of
charactcristic pcaks (Sams and Carrol 1966, Storck
1968) o

The obscrvations made on irradiation of
pyrimethamine sulphate are not totally consistent
with thce above findings. It seems that this drug
probably does not readlly undergo photochemical
reaction when exposed to UV radiation of long
wavelength (366nm) especially in phosphate buffer

pH 4,5,
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CONCLUSION

From the discussion above on the effect of UV
racdiation on the stability of proguanil hydrochloride
and pyrimethamine sulphate (tablets and phosphate
buffer solutions), it can be concludel that proguanil
hydrochloride is probably unstable to light especially
UV radiation while pyrimethamine sulphate appear to
be stablc to UV radiation (36€nm).

The dissolution rate profiles indicate that
both drugs seem to have optimum dissoluticn in
weakly acidic medium using phosphate buffer solutions.
The rate and extent of drug relcasc were different
for the Jdifferent batches used especially
pyrimethamine sulphate tablets. This result confirms
the need for batch to batch uniformity in the
quality control of pharmaceutical products. The
dissclution rate test of 1lrradiated pyrimethamine
sulphate tablets emphasize the changes that could
take place in a pharmaceutical preparation due to
improper exposure during transportation or storage
thus affccting the efficacy of the drusg,.

This work has shown that in the analysis of
proguanil hydrochloride especlally in quantitative
work, strong acid medium should le aveided. In
analysis involving phosphate buffers, it is
recommendcd that work should not be carried ocut
below pH 2.0. for the stability of the spectral

peaks at 253 and 232nm to be retained,
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Irradiation of the drugs 1ln phosphate buffer
gsclutions indicated that proguanil hydrochloride
readlly enters into photochemical reactions.
Accordingly it is rccommended that in the formulation
of suspensions, elixirs, and syrups containing
proguanil hydrochloride the drug should be protected
from light to avoid degradation. The pH of such
formulations should be adjusted to pH 4.5 to
enhance solubility.

Although pyrimethamine sulphate appeared not
to enter readily into photcchemical reaction black
precipitate was observed in some of the irradiated
solutions, It is thercfore recommended that in the
storage of liquid formulations containing
pyrimethamine sulphate, the type of glassware
employed should he carefully evaluated and be

protected from light.



- 129 =

REFERENCES

ADAMS, A., Maegraith, 2., King, J., Townsend, R.,
Davey, T., and Havard, R. (1945).

Studles on synthetic antimalarial drugs. Results

of a preliminary investigation of the therapeutic
action of paludrine on acute attacks of benign tertian
malaria. Ann, trop. med. parasit. 39, 225-231.

ABDEL-AZIZ, A., Karrar, M,, Idris, (1971).
Influence of ovarlan hormones and of pregnancy on
the action of some antimalarials on the isclated
spontaneously contracting rat uterus.

Eur. J. Pharmac, 16(2): 214 -~ 218.

ARMATA, Je (1279).

Daraprim in the prevention of recurrences of
meningeal involvement in two children with actute
leukemia., Fol, Tyg. Lek 33 (22): 893 - 4,

Thru. Index Medicus Jan. 1979. 762,

ANRMSTRONG, Verna Lee (1973).
Metabolism of chlorguanide.
DiSSQ J'-\.I;IS. Int. B' 33(8) H 3i132¢

ARORA, eBe, and Madan, D.r. (1956)
Antiarrhythmics, quinidine-like activity of proguanil,
supazine and daraprim. Ind. J. med. Research p.44.

BELTRAN, H. (1966)

Tratamiento de la leishmaniasis cutanea mexicana

con camolar C1 - 501. La Prensa Medica. Mexicana
31:365 - 368, Thru. Am. Je. Trop. Med., 17:189 (1968).

BISHOP, A. (1962)
Drugs and Parasites and Hosts; edited by Goodwin, L.G.,
and Smith RaHe Londone. Pe 98.

BLACK, ReH., (1946)

Effect of antimalarial drugs on P.falciparum
(New Guinea Strains), develcping in vitro.
Trans. Roy. Soc. Med, Hyg. 40:1063=170.

Stability of prednisclone in an organic vehicle.
J. Pharm, /Assoc, 453530, Thru. Chem. Abs. 310681C.

BUIRN, J.H. and Van(.‘, JaR, (1()":9)
Actlon of acetylchline on isoclated rahbit auricles
J. Physiol. 108:104,

CARRINGTON, H.C., Crowther, A., Davey, D., Levy, A.
and Rose, F. (1951).

A metabolite of paludrine with high antimalarial
activity, Nature 168:1080.



- 130 =~

COATNEY, G.R., Contacos P.G., Lunn J.S., Kilpatrick, J.W,
and Elder H.A. (1963).

The effect of a repository preparation of the
dihydrotriazine metabolite of chlorguanide C1~501,
against the chesson strain of plasmodium vivax in man,
Am, Ja trop. med, and hyg. 12:504=-508,

COOPER, B. and Brecht, E.A. (1957)
Surfactants in tablets to improve disintegration.

COTTON, D.W., and Sutorius, A.N. (1271)

Inhibiting effect of some antimalarial substances on
glucose-6=-phosphate dehydrogenase.

Nature 233 (5316), 197 (Eng).

CROUNSE, N.M. (1951)
Isclation and identification of a metabolite of
Chloroguanide. J. Org., Chem. 16:492 - 500,

CROWTHER, A.F. and Levi, A.A. (1953)

Isclation of metabolite of proguanil with high
antimalarial activity. BPr. J. Pharmac. Chemother,
8:93 - 97,

CurD, F., Davey, D. and Rose, F. (1945)
Studies on synthetic antimalarial drugs.
Ibid 39:208 - 216,

DARE, J«G. (1964)
Particle =ize in relation to formulation.
Aust. J. Pharm. 45: 558 « 565,

DELGADO, J.N. (1958)
Relative Stability of an oral liquid vitamin
preparation. Drug Standards 26:51 - 56.

DITTERT, L.W., Higuchi, T., Reese, D. (1964).
Phase solubility. Technique in studying the
formation of complex salts of triamterene,

J. Pharm. Sc, 53: 1325 - 1328,

puUrZ, W., Valdy, G. Wisnant. (1976).
Therapy and prophylaxis of pncumocystis
carinii pneumonia.

Natl, Cancer. Inst. Monographe 43: (179-85,

DYBAN, A., Akimova, I., Sveflova, V. (1965).
Effect of 2,4=~dlamino=5-chlorophenyl=6-
ethylpyrimidine on embryonic development of rats.
Dokl. Akad. Naut. SSSR. 163(86) 1514.

Chem. f\bSl 63: 18891.



- 131 =

ELMARAKBY, Z.S,., (1982)
M.Sc. thesis, Faculty of Pharmaceutical Sciences
Ahmadu Bello University, Zaria. T3

EVERHARD, M, and Goodhart, F. (1963)

Stability of certified dyes in tablets I. Fading
of FD and C Red No 3 in tablets as a function of
concentration, time and light intensity.

Je Pharm, Sc. 52: 281-283.,

FELMEISTER, A. and Discher, C.A. (1964)
Photodegradation of Chlorpromazine hydrochloride,
Jl Ph:!m- SC. 53:756 e 762-

FERONE, Re, Burchall, J.J., Hitchings G.A. (1969)
Plasmodium berghei dihydrofolate reductase,
Isolation, properties and inhibition by antifolates,
Molec. Pharmac. 5: 49-59,

GARRET, E.R. (1960)
The solvolysis cof aspirin anhydride
Je Ame, Chem. Soc. 82:711-718.

GARRETT, E.R. (1962).
Prediction of stability of drugs and Pharmacological
preparation. J. Pharm. Sc. 51:811-831.

GERBER, C., Hetzel, C., Klioze, 0., Leyden, A,
(1957). Aqueous oral preparation containing
ascorbic acid, vitamin B and ferrous gluconate,
J. Am, Pharm. Assoc. 46:335—639.

GIRACID, H. and Laugier, M. (1960)

Experimental basis for the treatment of human
toxoplasmosis. Arch. Franc, Pediat. 17(6) 715-725.
Chem. Abs. 60:4663d.

GIRGIS, K.N. (1967)

analytical study of the keeping quality of some
mixtures containing vitamin B complex aroup and
antibiotics. Ph.D. thesis. Pac. of Pharmacy Cairo
University.

GON, F. and Reig, F.P. (1975)
A case of recurrent subacute disseminated intravascular
coagulation assoclated with malarial prophylaxis.

GOODMAN, Le.S., Gilman, A., Gilman, A.G., Koelle, G,.B,
(1975). The Pharmacolegical basis of therapeutics,
5th Edition. MacMillan Publishing Co. Inc. London
P. 1048,

GOYAN, J., Shaikh, Z.I., Autian, J. (1960).

Kinetic study of barbital degradation is an ammonia
buffer system. J¢ Am. Pharm. Assoc. Sci. Ed.
495:627-631.



- 132 =

GRIMSHAW, J.J. (1963).

Accelerated stability testing of pharmaceutical
products. Pharmac. J. 2. Nov,.

Thru Chem. Abs. 60:3954d.

HARMLIN, W., Ohulski, T., Johnson, R., Wagner, J.
(1960). A note on the photolytic degradation of
anti-inflammatory sterocids.

J.Am, Pharm, Assoc. Sci, Ed. 49:253=-255.

HAWKING, F. (1947)
Activation of paludrine in vitro,
Nature 159:409,

HAWKING, F. and Perry, W.L.M. (1948)
Activation of paludrine
Brit, J. Pharmacol., 3: 320-325.

HIGUCHI, W.,I. and Hamlin, W.E. (1963).
Release of drug from a self-coating surface.
Benzphetamine Pamoate Pellet

Je. Pharm. Sc, 52: 575 - 579,

HIGUCHI, T. and Marcus, A. (1954).

The kinetics of degradation of chloramphenicol
in sclution: The nature, specific hydrogen ion
catalysis and temperature dependencies of the
degadative reaction,

Je. Am., Pharm, Assoc. Sci, Ed. 43:530=535,

JOHNSON, C.M, (1968)

Cycloguanil pamoate in the treatment of leishmaniasis.
Am, J. Trop. Med., 17:019.

KONDRITZER, A., 2virblis, P,.,, Socholitsky, I. (1956)
The kinetics of the hydrolysis of atropine.
J. Am. Pharm. Assoc. 45: 450 - 454,

KOSKINEN, M. and Hamalainen, J. (1972)

Values of the stability constants for the
protonation of Cu(Il) complex formation of paludrine
in aqueous solution.

Suom. Kemistilehti B. 45(5-6) 191-2.

Chem. Abs, 77: 52894d.

LACHMAN, L., Liberman, H.A., Kanig, J. (1976).
The theory and practice of industrial pharmacy.
2nd Ed. P. 37, 58, 692-693,

LASER, H., Kemp, P., Miller, N., Lander, D,,
Klein, R. (1975).

Inhibition of hemolysis by protein of fatty acid-
induced 1lysis of erythrocytes.

Parasitology. 71 pt 2. 167-181



- 133 =

LEMBERGER, Ah., and Patel, J.M. (1963)
Comparative hydrolysis rates of some atropine esters.
Je Pharm. Sc, 52:1129~1133,

LEVY, G. and Gumtow, R.H. (1963,

Effect of certain tablet formulation factors on
dissclution ratec of the active ingredient IIT.
Tablet lubricants.

J. Pharm. Sc., 52: 1139 - 1144,

LEVY, G. and Hayes, B.A. (1960)

Physicochemical basis of the buffered acetylsalicylic
acld controversy.

New Engle Jeo Med. 262:1053-1057,

LEVY, G. and Prochnal, A. (1962).
Unusual dissoluticen behaviour due to film formatlon.
Je Pharm. Sc. 51:294.

MACKERRAS, M.J. and Ercolec, Q.N. (1%947).

Paludrine on malaria parasites. Investication on
paludrine on plasmodium vivax, falciparum and malariae,
Trans. Roy. Soc. Trop. Med. Hyg. 41:365=376,

M;\RCLY:‘J’ J"t.U. :“.nd T-"rf’l:::;k:! 3 J-\.J- ( 1957) -
A kinetic study of the acid catalyzed hydrolysis
of procainamide., J. Ame. FPharm. Assoc. 46:28-31,

M;\RTIN, NelNa (1962) {Cditgr)
Physical Pharmacy, Lea and Febiger Philadelphia.24

McConnachicw, E.W. and Bishop, A. (1948)
Resistance to sulphadiazine and paludrine in the
malaria parasite of the foul (P. gallinaceum).
Nature 162:541-543,

MOROZOWICH, W., Chulski, T,, Hamlin, W., Jones, P.,
Northam, J., Purmalis, A., Wagner. J., (1962),.
Relationship between in vitro dissclution rates
solubilities and LTgqy's in mice of some salts or
benzphctamine and etryptamine.

J. Pharm., Sc. 51: 993=995,

MULLINS, Je.D. and Macek, T,J. (1960)
Some pharmeceutical propertics of novobiocin
Je. Am. Pharm. Assoc. Sc., Ed, 49:245-248,

NELSON, E. (1962).

Absorption of eythromycin. Physicochemical
factors influencing the absorption of erythromycin
and its esters. Chem. Pharm, 8ull. 103 1099-1101.

OGUNBONA, F.A. and Olowu, A.0. (1985).
Effect of age on the dispocition of proguanil in man.
Nig, J. Fharm. 16:No 1 (Jan=-Fcb). 39



- 134 =

PENA, C. (1965)
Preliminary cvaluation of cycloguanil pamoate in
dermal leishmaniasis. J. Ame. Med. Assoc. 194:1142-1144.

POZHIDAEV, E. . (1966)

Disturbances in embryogcnesis after application of
myelosan and chloridine to male and female rat gametes.
Arkhe Anat. Gistol. Embriol. 51(8) 35-43,

Chem., Abse. 65: 17551C.

RAVIN, L., Shami, E., Intoccia, Ai., Rattic, E.,

Joseph, G. (1969).

Effcct of polysorbate 80 on the solubility and in

vivo availability of 2-butyl—3<benzofuranylw=d-
2-(diethylamino) ethoxy =3,5=diiodophenyl ketone

HC1 (SK/F 33134-A)

Rawlings, E.n. (1977)
Bentley's Textbook of Pharmaceutics. Balliere
Tindall London. P. 149, 158,

Rees, J.E. and Hersey, J.ih. (1972)
Strength of compacts containing moisture.
Pharm, Acta. Helv, 47(3-4) 235-43

Chem. Abs. 66171C (1272).

REES, J. and Sholton, E. (1971).
Effects of meisture in compaction of particulate
material. J. Pharm. Sc., 60; 1704 -~ 1708

REMINGTON, J.rP. (1975).
Remingtonts Pharmaceutical Sciences. 15th Ed.
Easton, Penn, Kack Publishing Co, P. 686, 1361.

SAGOE; A«S.; (1970),
Tropical splenomegaly syndrome, Long term proguanil
therapy corrclated with spleen, size, serum IgM and

lymphocyte transformation,
Brit. f‘di_d. Jo 3:37ﬁ-382.

SAMS, W.M« (JR) and Carool, N.V. (1966).
The spectral shift phenomenon of chlorogquine
Arch. Dermatol 93:123-128.

SCHMIDT, L., Rossan, R., Fisher, K.F. {1963)
The activity of a repository form of 4,
6=diamino=1-{p~chlorophenyl)=-1, 2-dihydro-2,
2=dimethyl-s=triazine against infections with
plasmodium cynomolgi.

Am, J. Trope. Med. hyg. 12:494-503,



- 135 =

SCHOU, S.ﬁt (1959)
Stabilization of pharmaccutical preparations.
Phzrm, .cta, Helv, 34:309=30.

SCHWARTZ, M./ry, Granateck, a.¢, Buckwater F.H, (1962)
Stability of potassium phenethicillin I. Kinetics of
degradation in aqueous solution.

Ja« Pharm. Sc. 51:523=526.

SELKIRK, A.Be., Moody, R.R, Taylor, R.Be. (1980)
High-performancc liquid chromatography of proguanil,
cycloguanil and d-chlorophenyl biguanide using
hydrophobic pairing ion and its application to serum
assaYe Je Chromat. 182:359-367,

SEN, P.C. (1950),
A case of accidental pcisoning by paludrine
Ind. Mede. GaZe 85:3050

SIEGEL, S., Lachman, L., Malspels, L. (1959).
i kinetic study of the hydrolysis of methyl
DL= =phenyl=?2-pipcridylacetate.

Je. Am. Fharm. Assoc. 48:432-439,

SINGH, I. (19531.
Blackwater fever apparently precipitated by
proguanil, Brit, Med. J. 40:598,

SMITH, C.s Thrig, J., Menne, R. (1961).
Antimalarial activity and metabolism of biguanides.
Metabolism of chloroguanide and chloroguanide
triazine in rhesus monkeys and man.

Ames J. trops med. hyg. 10:694-703,

SOLVANG, S. and Finholt P. (1969).

Effect of different factors on dissoluticn rate
of drugs from powders, granulcs, and tablets.
Medd, Norsk., Farm, Selsk. 31(9):101=111.

STEPHENS, V.C. and Connie J.W, (1958).
Esters of erythromycine III. Esters of low
molecular aliphantic acids.

Antiblot. Ann. (1958 = 1959):346~53,

STORCK, H. (1965)

Photoallcrgy and photesensitivity due to
systemically administered drugs.

Arch. Derm. 91: 469-482,

THOMPSON, FP., Olszewski, B. Elslager, E., and

Worth, D. (1963)

Laboratory studies on 4,6-diamino=1~(p=chlorophenyl)=-
1,2=-dihydro=2,2-~dimethyl-s-triazine pamoate (C1-501)
as a repository antimalarial druge.

Am, J. trope. med. hyge 12:481-493,



-136 =

WEBB, N., Spcrandio, G., Martin, A, (1958),
A study of the decomposition of glucosc solution.
Je /Ame Pharme #fssoc. 47:101-103,

WILLIAMSON, J. (1972)
Potentiation of proguanil resistance by sulphonamides.
J. Trans. Soc. Trop. Mcd, Hyg. 66:356.

WURSTER, D. and Taylor, P, (Jr.) (1965)
Dissoluticn kinctics of certain crystalline forms
of praednisolene,

J. Pharm. Sc. 54:673.



- 137 =

APEENDIX T

Preparation of physiolegical buffer solutions

PH 1.5

2.0gm. of sodium chloride was accurately welghed
and dissolved in sufficlent distilled water to
make one litre. It was warmed to 37°C and

adjusted to pH 1.5 with U,S.P. diluted hydrochloric

acid.

pH 2.0

2.0gm of sodium chloride was accuratcly weilghed and
dissolved in sufficlent distilled water to make one
litre. It was warmed to 37°C and adjusted to pH 2,0
with U,S.P. diluted hydrochloric acid,

ﬂH '105

6.,3gm of potassium di-hvdrogen orthophosphate was
accurately welgher and dissclved in sufficlent

distilled water to make one litre. It was warmed to

37°C and acljusted to pH 4.5 with 1N HCl.

pH 6.9
3.40gm of potassium di-hydrogen orthephosphate and

3.55gm of di=sodium hydrogen orthophosphate
(anhydrous) were accurately weighed and dissolved in
distilled water to make one liltre. It was warmed to
37°c and adjusted to pH 6,9 with 1IN HC1l or 1N

NaOH.
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pH 7.2
6.8gm of potassium di-hydrogen orthophosphate was
dissolved in sufficient distilled water to make

one litre. It was warmed to 37°C and to PH 7.2

with 40% NaCH.

pH 8.0

6+8gm of potassium di-hydrogen orthophosphate was
dissclved in sifficient distilled water to make
cne litre. It was warmed to 37°C and adjusted to

pH 8,0 with 40% NaOH.
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APPENDIX II

Paired t—test - Effect of one month UV irradiation
on pyrime thamine sulphate tablets QCU B7 at 366nm

TIME
MINUTES A 3 k = i d2
5 29.74 23.79 De95 35,40
10 37.57 37.31 D.26 0.68
20 54,20 48.59 5.61 31.47
30 70,99 60.77 10.22 104 .45
40 80,41 72.07 8.34 64,56
50 84.17 79«71 4.46 19.89
70 92,75 89.22 353 12.46
90 98.35 93.72 4,72 21.44
SUM 53.08 345,506
MEAN 5.308
n = 10
d = 5,308
d = 53.08
( d)2 = 2817.49
a2 =  345.51
2
S = 281.75
L 2
g2 _L @
2 R
Sb = oy
sp? - 7.084
2
SD
= = 0.7084
U - 0.8417
(2
t = d.9 fsb = 6.31
\ n
n—1 = 9
PZ0o.001
A = Cummulative percentage drug release
of non-irradiated tablets
B = Cummulative percentage drug release

of irradiated tahlete




