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ABSTHACT

The influence of polyvinylpyrrolidone (PVP) 10,000,
44,000 and urea on the solubility and dissolution rate of
hvdrochlorothiazide have b:en investigated., Physical .
mixtures and coprecipitates of drug and carriers, of various
compositions, were prepared, It was established by the
ultraviolet spectrophotometric and thin layer
chromatographic methods, that hydrochlorothiazide is stable
in dispersion with all the carriers employed. There was a
general increase in the dissolution rate of
hydrochlorothiazide from the physical mixtures and
coprecipitates when compared to the pure drug alon?. '
Polyvinylpyrrolidone 10,000 was superier to PVP 44,000
while the least increase in dissolution rate was observed
with urea coprecipitates, Local solubilization effects of
the carriers at the microenvimonment of the drug particle was
proposed as the probable mecuanism of dissolution rate
increases from the physical mixtures. This is supported by
increase in the aqueous solubility of hydrochlerothiazide in
the presence of the carriers, The infrared spectra of the
coprecipitates of hydrochlorothiazide with the carriers, when
compared to those of the pure drug and carriers, did not
show any shift in the major peaks particularly between
frecuencies 1300 cm~' and 3600 cm™', This precludes the
possibility of solid-solid interaction between the drug and

carriers, oy
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Dissolution rate data for compressed tablets prepared
irom the pure drug and 30 % coprecipitates with urea and
FVP 10,000 showed that PVF 10,000 is superior to urea in
cnhancing the dissolution rate of hydrochlorothiazide; a
trend similar to that observed with the powder samples,
While definite increases in dissolution rates were observed
for tablets prepared from hydrochlorothiazide-urea
coprecipitates, those from hydrochlorothiazide-PVP 10,000
coprecipitates shewed siznificant decreases after storage
at various relative humidity (RH) conditions for about
105 days. However, tablcis prepared from the pure drug
did not show signifcant changes in dissolution profile,
While the high water absorption capacity of urea accounts
for increases in the dissolution rates, the unique hardening
characteristic of PVP 10,000 with age, may account for the
decreases in dissolution rate of hydrochlorothiazide from
aged tablets. Possible changes in the physical nature of
ihe drug on aging may be a contributory factor to changes

in the dissolution rate profile observed,

While the solid disnersion technique has been
dewonstrated to be of biopharmaceutical signifcance, the
chioice of carriers is critical in attaining reasonable

increase in dissolution rstes of poorly soluble drugs,
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CHPATER ONE

INTRODUCTION

The objective of any product develnpment is to
control the stated behaviour of that preduct when in
clinical use, This can be achieved by controlling
various factors, onec of which may be the
dissolution pattern which consequently influences

the absorption characteristics.

Dissolution has been defined by Wagner, (1971)
as the act of dissolving while dissolution rate is
the rate of dissolving of a chemical or medicament
from a solid, Biopharmaceutics conceives dissolution
rate as the rate at which medicamentsdissolve from
intact dosage forms or from fragments or particles

formed from the dosage form under test,

The importance of dissolution rate tests on a
drug product stems from the fact that drug absorption
and its physiologic availability depends largely
upon-having the drug in solution, infact, before any
drug material is absorbed from the site of
administration into the systemic circulation, it must
be in solution; that is to say that it must undergo

the process of dissolution,



It has been well established (Wagner 1961;
Lees, 1963; Dare, 1964) that where a drug is readily
absorbed from solution, dissolution is frequently
the rate limiting step in the gastrointestinal
absorption of the drug from a solid dosage form.
This relationship becomes more distinct when

considering poorly water soluble drugs,

Many of the modern therapeutic agents are poorly
soluble in water and in the aqueous luminal fluid of
the gastrointestinal tract, as such the in-vivo
dissolution rate of these compounds is low and their
absorption is often incomplete and erratic
(Levy, 1963 a). It is therefore mandatory that the
dissolution characteristics of such substances be
established in order to ensure physiologic
availability and hence the in-vive activity.

A good knowledge of the in-vitro dissolution
profile of a drug coupled with the knowledge of
certain physico=chemical properties inherent to the
drug material for example, the pKa and partition
coefficient and also the solvent properties of the
gastrointestinal fluid, can give an insight into the
in=-vivo absorption characteristics and physiologic
availability of orally administered dosage forms,

Dissolution test data is therefore an important
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property of a satisfactory drug product;
consequently the need for dissolution rate tests
in the design, evaluation and guality control of
pharmaceutical dosage forms, more especially solid

dosage forms, is clearly seen,

There are varicus approaches to improving the
dissolution rate of poorly soluble drug materials,
the fundamental oue being through particle size

reduction by various ways and means,

The role of particle size becomes most
significant when one is considering poorly water
soluple drugs. Review articles which specifically
concern the effect of particle size on the
dissolution, absoruvtion and bioclogical activity ef
medicaments are available (Lees, 1963; Levy, 1963 b;
Dare, 19643 Fincher, 1968),

Brunner and Yolloczko, (1900) had earlier
established that the dissolution rate of a drug
substance bear direct proportionality with the surface
area exposed to the dissolution medium, On this
basis Levy, (1963 b) noted that, "in those instances
where the intrinsic dissolution rate of a drug is
80 low that the drug is ordinarily not completely
absorbed when administered in a solid dosage form,

the more rapid absorption attained by increasing the
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specific surface area will also cause an inerease in
the total amount of drug absorbed from a given dose",
That is to say that the dissolution rate and
bioavailability of « poorly soluble drug material
could be enhanced Ly decreasing the particle size
which consequently increases the specific surface
area of the drug material, Similar observations were

made by Wagner, (1961); Lees, (1963) and Dare, (196#).

Some of the conventional methods that have been

employed to achieve particle size reduction include:

(a) Trituration and other mechanical methods such as

ball milling, hamner milling etc.

(b) Controlled precipitation by change in solvent,
temperature, pH of the medium and by application
of ultrasonic waves (Scheikh, et al., 1966;
Hem, et al., 1967; Skauen, 1967).

However, these methods have their limitations.
For instance, mechanical trituration and milling is
not always applicable to all drugs due to differences

in their physico-chewiical properties. Sometimes the



resultant fine particles acquire static charges and
tend to aggregate or agglomerate into larger particles
thereby disallowing the expected increase in the
dissolution and absorption rate of the drug

(Lin’ -Q-E a_ll’ 19&)l

Controlled precipitation by solvent change
poses the problem of selecting a non-toxic solvent
and is always limited to drugs of low doses. Drug
precipitation from solution in the gastrointestinal
tract has the preliminary problem of getting the
drug into solution; particularly poorly soluble drugs,
These problems have made it necessary for more
effective means of achieving particle size reduction

to be sought,

The unique appiroach of solid dispersion technique
to reduce particle size and increase the rate of
dissolution and absorption of poorly soluble drugs
was first demonstraied by Sekiguchi and Obi, (1961).
On exposing a eutectic mixture of sulfathiazole and
urea prepared by ' fusion' method to aqueous media, the
soluble 'carrier' (urea) dissolved rapidly leaving
the insoluble druz in an extremely fine state of -
subdivision, thereby increasing the effective surface

area of the drug exposed to the medium,
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Levy, (1963 b); Ranig, (1964) and later
Goldberg, et al,, L1966 a, b, ¢ ) further promulgated
the possibility of increasging the dissolution rate
and absorption through the 'solid solution' approach
where unlike the eutectic, the drug is dispersed in

the carrier at molecular level,

This project ir aimed at utilizing the solid
dispersion technique to improve the dissolution
characteristics and hence the absorption and
biocavailability of a poorly soluble drugs;

hydrochlorcthiazide.

FACTORS AFFECTING SCLUBILITY AND DISSOLUTION RATE

It has been recogunised that the release of active
drug from pharmaceutical drug products may be
influenced greatly by physico~chemical factors
inherent to the druzg, such as the pKa and the
partition coefficient znd by the method of formulation.
Many factors, togcther with particle size (already
discussed in 1.1) have been proved to influence,
either directly or indirectly, the dissolution
characteristics of = drug material both in-yitre and

ig-vivo.
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A sound knowladre of these factors will not only

help in achieving desirable and useful dissolution

test data, but may also create an opportupity for

modifying and improving the solubilities, dissolution

rate, absorption ahd hence clinical effectiveness

of drugs.

These factors include;-

(1)

(i1)

Polymorphism

Certain drug substances are capable of
existing in more than on crystal form.
Polymorphic forms oi a drug usually exhibit
different physico=-chenrical properties including
melting point and sclubility characteristics.
With such drugs, the metastable forms usually
have greater =queocus solubility because they

are thermodymomically less stable,
Amorphous state nnd solvation

Certain substances do not exist in any
crystalline 7“orm snd are said to be amorphous,
Swch amorphous forms are usually less stable
than the crystalline forms and are often more

soluble too,



Some drug molecules sometimes have solvent
molecules associated with them to form solvates,

In cases where water is the solvent, they are known
as hydrates, The existence of solvation and also
the degree of solvation may cause differences in

the solubilities o. cdrugs in these forms as compared

to the non=-solvated drug molecules,
(iii) Salt formation by acidic and basic drugs

The alkaline metal salts of weak acids
for example, the sodium, postassium and
calcium salts and the mineral acid salts of
weak bases for exauple the hydrochlorides and
sulphates are usually more soluble than the
cerresponding weak acids and bases, It is
worth noting however that increased
solubility is not the only trend observed with

salt formation of weak acids and bases,

(iv) Complexation, a form of molecular
association is known to influence the solubility
of a drug in a solvent, This does not apply
to liquid solutions only but could be observed
also with scolicd solutions. The formation of
molecular compounds (complexes) through the
solid dispersion technique may increase the

soluhility of poorly soluble drugs.



(v)

(vi)

{(vii)

Static electrification of solid drug particles

L]
Cenventional mixing, blending,

micronization snd coating processes could
introduce static charges on the drug particles
causing then to aggregate thus reducing the
specific surface area of the particles, This
could lead to a uecrease in the dissolution

rate of the drug,

Surfactants

When a drug formulation incorporates a
surfactant, it causes a decrease in the surface
and interfacial tension thereby allowing for a
more intimate contact between the drug and
the solvent (dissolution medium), This
improves wettability and consequently the
solubility and dissolution rate of the drug is

increased,

Miscellaneous factors

Other formulation factors such as amount
and type(s) <. ciluent and disintegrant; granular
size and size distribution, compressional force
and speed of compression, pressure applied

during the filling of capsules, type and amount
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of lubricant used are known to variously
affect the dicgolution rate of pharmaceutical
drug products, Others include the humidity of
the manufacturing environment, storage
conditions for dosaye forms and the zge of

the dosage forme under consideration.
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DISPERSION TECHRIQUE

DEFINITION ¢ SOLID DISFERSION

Solid dispersions have been defined by
Mayersohn and Gibaldi, (1966) as, "dispersions of
one or more active ingredients in an innert water
soluble carrier or matrix at gsolid state prepared
by melting (fusion), solvent or melting=-solvent
method®", Similarly, the term coprecipitate refers

to s0lid dispersion prepared by the solvent method

(Simonelli, et al., 1969)., These definitions

exclude disgpersions of a drug in a solid diluent

achieved by mechanical mixing.

METHODS OF PREPARATION OF SOLID DISPERSION

Three methods liave variously been employed in
the preparation of solid dispersions.

These include
(1) Melting (™Mision) method

This method was first demonstrated by
Sekiguchi and Obi, (1961), Here the physical
mixture of the drug and the water soluble

carrier is heated directly under controlled

tenmperature until it melts, The melted mixture

1z then rapidly cooled to solidify, preferably
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in an ice batn, under rigorous stirring.

Rapid cooling can ulso be achieved by pouring
the hot melt »n a stainless steel plate
accompanied Ly a stream of cold air blowing
over the .melt or a current of cold water
running at tie opposite side of the plate as
was done by Coldberg, et al.,, (1966 a, b, ¢ )
and Chiou and Riegelman, (1969). Further
hardening could be achieved by storing the
coprecipitates in a desiccator at ambient

temperatures,

It is essential that complete melting and
uniform mixing of the melt be achieved., Rapid
cooling is auvantageous because the drug or
solute moleculcs are trapped in the solvent
matrix by taez instantaneous solidification
process (lloors, 1963), This act allows for
superstaturation of the drug in the carrier
(polymer) ma xrix, Other advantages
associated with this method are its simplicity

and economy.

The fusion method, however, has
disadvantages since it is limited to only
thermostable materials. Thermolabile and

volatile drugs and carriers cannot be employed



13

here as they may evaporate or even decompose
during the fusion process. Oxidative
.decomposition can be prevented or minimised by
heating the aixturc over a blanket of an inert

gas, in vacuum a' iu closed containers,
{(ii) Solvent method

It involves uissolving the physical mixture
of the drug and carrier in a common solvent,
either alone or in a mixfture of solvents
followed Ly evaporation of the solvent. The
solid residue (coprecipitate) is further dried
in a desiceatltor at ambient temperatures to
achieve complete solvent evaporation and

hardening which allows for easy pulverization.

Major advantages associated with this
method are tirat, thermal decomposition of the
drug and carrier is minimised or completely
prevented, 2L such. low temperatures required to

evaporate the sclvent,

The disaldvantages associated with this
method are ity high cost, the difficulty in
achieving complete removal of the solvent and
in reproducing crystal forms, possible adverse
effects of trace amounts of solvent on the

stability of the drug and carrier and the
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difficulty iu achieving supersaturation of the
drug in the carrier as compared to quenching
(rapid cooling) in the fusion method. The
possibility o: achieving dispersions in a
solvent using water soluble polymers was
demonstrated by Tachibana and Nakamura, (1965)
and later by PMayersohn and Gibaldi, (1966).

(iii) Melting-solvent method

This involves dissolving the drug first in
a suitable solvent and then incorporating the
drug solution into the melt of the carrier. It
may, however, be difficult or impossible to
achieve a uniform dispersion if the liquid
solvent is lumiscible with the melt of the carrier,
Furthermore, this method is limited to easily

melted carriers,

CLASSIFICATION AlU CHARACTERISATION OF SOLID
DISPERSIONS

Solid dispersions have been classified into
various categories based on their drug release patterns
(Chiou and Riegelmap, 1971 a; Hajratwala, 1974).

These include:=-
(a) Simple eutectic mixtures
(b) Solid solutious

(¢) Glass solucions and glass suspensions
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(d) Amorphous precipituation in a crystalline
carrier

(e} Complex or compownd formation between the drug

and carrier

a) Simple eutectic wixtures (Illustrated in Fig. 1.1)

When a solution of A and B is cooled from a
point f to g (Fig. 1.1) then some sclid A is
crystalized out from the solution. Further cooling
to point h causes more selid A to be crystallized
out. This causes a chanse in the composition of the
solution {in respect of A and B) corresponding to a
point i, As the tewperature falls, the composition
of the remaining licuid moves along the cooling curve
CE. A limit is reached when the liquid is saturated
with both A and 2 which on further cooling, the two
solids crystéllize out in the same ratio in which they
exist in the satur:iied zolution., The solid mixture
consisting of X4 A and Y % B is the eutectic mixture

and U is the eutectlic temperature,

These are outained bty rapild selidification of the
fused mixture of {wo components that show complete
liquid miscibility znd mone or negligible solidesolid

solubility. Geldberg, et al., (1965 a) described
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simple eutectic mixtures as an intimately blended
physical mixture of crystalline components of the

drug and carrier,

When eutectic mixturegs of a two component
system, consisting of a poorly soluble drug and a
readily water soluble carrier, is exposed to an
aqueous medium, the drug material is released as very
fine crystalline particles, thus increasing the
effective surface area of the drug with a consequent
increase in the dissolution rate and probably the
gastrointestinal absorption of that drug (Sekiguchi
and Obi, 1961). This has been one of the commonest
explanations to observed increases in the dissolution
rates and absorotion cof many drugs from solid
dispersions with various carriers, Such increases

could also be due to:

(i) (a) An increase in drug solubility when the
majority of its crystallites are extremely

small (Martin, et al., 1969).

(ii) Solubilization of the drug particles around
its microenvironment by the rapidly
dissolving carrier, This was demonstrated
by Goldberg, et al., (1966 a) for the
physical mixture of acetaminophen and urea.
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(iii) Absence of aggregation or agglomeration of

(iv)

(v)

fine particles of the hydrophobic drug that
may occur die to the presence of electrostatic
charges developed during handling and processing
operations; which result into formation of
larger particles with reduced effective

surface area,

Excellent wettabilitv and dispersibility of the
drug from a eutectic mixture or other solid
dispersion systems of a drug and a water soluble
carrier. The water soluble carrier sorrounding
each drug particle dissolves rapidly allowing
easy wetting of the particles by the medium,

Crystallization of the drug material as a high
energy polymorphic form which, most often, have
higher solubilities and will therefore dissolve
faster from solid dispersions, This is the
rational exvlanation to the increased dissolution
rate of hydroflumethiazide from its dispersion
with PVP (Corrigan and Timoney, 1975).

While dissolution of simple eutectic
mixtures result in microfine particles, it is
worth appreciating that the crystal sizes of
these particles depend largely on the relative
proportion of the drug to the carrier,
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Chiou and Riegelmar, (1971 a) have expregsed
that dispersions baving a low drug content
have finer particles than those with higher

drug content,
Solid soluftioas,

From Figure 1,2, it may be noted that solid

B dissolves in solid A to form a solid solution
(* region} which contains ¥ % of B at
saturation, Similarly solid A dissclves in
solid B to forw a second solution (@ region)
containing ¥ % of A at saturation. At the
eutectic composition, crystals of saturated
solid solulioas®&’ and @ precipitate by alternative
crystallizatvion in a fixed ratio {40 %% and

60 % & ) No pure crvstals of A or B crystallize
in the systici. In the regions labelled & and
€ y there crist sclid solutions of continuocusly
variable compozition up to X % of B and Y %

of A respectively.

Solid solutions agg?%efined by Findlay,
(1951) as systems that consist of a solid solute
dissolved in a so0lid solvent, with the solute
and solvent crystals crystallizing together in

a single homo:ernecus phase. That is to say that

the drug and the carrier molecules take up
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positions in {lie same crystal lattice forming
a single phase., This definition therefore
conceives the drug in solid solutions, unlike
the eutectics, to be distributed at molecular
level throujliout the carrier. This means that
dissolution of the drug molecules takes place
in the solid phasge prior to exposure of the
solid solution to the dissolution medium
(Goldberg, et als., 1965 a). 7This and many
other factors under simple eutectics (1.3.3. a)
explain the drug release mechanisms and
increased dissolution rates through solid

solutions.

Chiou and Riepelman, (1971 a) have classified

solid sclutions into 1two main groups based either on

the extent of miscibility of the drug and carrier or

the crystalline nalure of the solid solution.

Classification bascd on the degree of miscibility

fegtures:

(1)

Continuous solid solutions, where two components
{drug and carrier) are soluble in one another
at the solid state in all propertions. It can
be clearly understood that with such systeus,
increased digsolution rate of the drug will be
expected only wheuw the relative composition of

the drug to the carrier is low,
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(ii) Discontinucus s0lid solutions, where there is
only a limited sclubility of the solute in the

solvent,

Clessification nazcc¢ on the crystal nature of the

solid solution features:-

(1) Substitutional solid solutions: (Illustrated
in Figure 1.3)

Here tne molecules of the solute (drug)
enters the space lattice of the solid carrier

in a substitutional manner.

(ii) Interstitial solid solutions: (Illustrated in
Figure 1.4)

Here the molecules of the solute lie between the
interstitial spaces of the crystal lattice of the

solid solvent.

The limiting factor to the formation of either
of these solid solution types is the relative molecular
size of the drug zud t.e carrier. For interstitial
£0lid solutions of a drug in the carrier, the solute
molecules must be sumall compared to the solvent
molecules; while an almost equal molecular size of the
two components is tire condition for substitutional

solid solutions to be formed,
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a
b
F!Q- 1:;2 A schematic illustration of substitutional solid

solution. @ - solid solute and O - solid solvent.
a = ordered substitution.

b= Random substitution
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ﬁ.’.?:-’—‘: A schematic illustration of an interstitial solid

solution. @- solid solute and O- solid solvent.
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C. Glass solutious and glass suspensions

Chiou and tiezelman, (1971 a) in their
review article defincd pglass solutions as a
homogeneous glassy systom in which a solute dissolves
in a glassy solvent, Similarly a glass suspension
is a system in which precipitated particles are
suspended in a glassy solvent, A glass solution of
a poorly soluble drug in a rapidly water seluble
glass forming carrier, on exposure té water, releases
the in-situ dissolved druy rapidly because the carrier
dissolves quickly (Chiou and Riegelman, 1969), Glass
solutions are advantapgeois over solid solutions in
that, at drug concentrations in the carrier exceeding
its solid solubility, tie particle size of
erystallized solute is much smaller than it weuld be
in a solid solutiocu, Additionally, because of the
viscous nature of jzlass solutions, crystal growth is
less likely to occui® =2 compared to solid selutions,
On this basis, glass solutions of a drug is expected
to have a higher dissolulion rate than its
corresponding solid zolution, Citric acid and urea
have been found to exhibit glassy characteristics
(Chiou and Riegelman, 19693 Ford and Rubinstein, 1977).
Hewever the formauion of a glass solution is a function
of the cooling rat> of the melt. Quenching (sudden
cooling) is best for achieving supersaturation of

glass solutions,
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D. Amorphous precipitation in a crystalline carrier

Here instoad of the drug and carrier
crystallizing simultancously from a melting or a
solvent method of preparation and forming a
eutectic mixture, it way precipitate out as an
amorphous for, in che crystalline carrier, Since
the amorphous f{orm of a drug is the highest
energy form, it sihould have better dissolution
rates than the crystals, wnether or not, the
crystals are dispersed in the carrier. Such a
dispersion of an amorphous sulfathiazole in a
crystalline urca was thought to be the primary
contributory factor in increasing it's cral
absorption in man (Sekiguchi and Obi, 1961).
Chiou and Riejelwen, (1971 a) postulated that a
drug of high supcrcooling property has more tendency
of solidifying as amorphous form in the presence
of a carrier, Similar observations were made for
hydroflumethiazide-FVP systems (Corrigan and
Timoney, 1975),

E. Complex or coupound formation between drug and

carrier

At high conceuntrations of a drug dispersed in
a carrier, possibilitics are that the two remain
as individual components or as a drug-carrier

complex with the druy existing either in the
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crystalline or anorphous form, Such a drug-carrier
complex may show increased dissolution rates of

the drug.
AGING EFFECTS 0OF St LID DiSFERSIONS

Precipitation ¢f the solute along with changes
in the physico=chemical characteristics is the most
important aging e icct associated with glass solutions
and solid solutions, Precipitation may occur on
storage of solid dispcrsions if the concentration
of the 3o0lute exceeds it's equilibrium solubility in

the solvent,

With eutectic mixtures, aging properties are
manifested as coarsening of the dispersed drug

melecules thus reducing thieir effective surface area,

Other aging cif{ccts frequently observed are the
hardening of the dispersious. All these have been
found to be variously dependant on the storage time,
temperature, humidity and the relative composition of
drug to carrier in the dispersion (Allen and
Kwan, 1969; Chiou nnd Niazi, 1971; Ford and
Rubinstein, 1977; 1980},

For purposcs of completeness in evaluating the
practical utility of solid dispersion technique to
improve pharmaceutical drug products, it is necessary

to investigate the aging effects on the dissolution
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characteristics of solid dispersions. This is

because increased o:rticle size and the rate ef
precipitation have a critical influence on the‘

dissolution characicristics of dispersed systems,

LITERATURE REVISJ

Following the findings of Sekiguchi and Obi,
(1961) many researchers have investigated the
effectiveness and e potentials of solid dispersion
technique as a meanc of promoting the dissolution
rate, absorption and bioavailability of poorly water
soluble drugs., Many rcsults obtained showed this
technique to be oi potential use in the development
of better drug products that can wield a more

clinically significant drug level in the blood.

Goldberg, =t al., (1966 a, b, ¢c) examined the
increased dissoclution r-te and produced phase diagrams
for paracetamol-uirca, griseofulvin-succinic acid and
chloramphenicol=waei solid dispersions. They
attributed the increased dissolution rate to the

formation of solid solutions.

Subsequently Chiou, (1971) and Chiou and Niazi,
(1973) found little evicdence for the formation of
solid solutions in the griseofulvin and chloramphenicol
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systems, These auihors believed that the increased
dissolution was probzlly o surface area

phenoumenon,

In another develowurent Chiou and Riegelman,
(1969) prepared solil disversions of griseofulvin
in polyethylene glyccl oi various molecular weight
grades and of peni}ryté.ritol in citric acid by the
melt or solvent mei .cd, They observed that due to
the viscous and supercooling effects of
polyethylene glycol, nucleation and crystal growth
of griseofulvin in the golid dispersion was retarded
leading to increasec dissolution rate of the drug.
Similarly increased dissclution of griseofulvin in
citric acid was attributed to the formation of glass

solutions of the drug in the glassy citric acid.

Summers and Incver, (1976) made similar ..
observations when tney investigated the properties of
solid dispersions of primidone and citric acid.

Glass solution oif primidone in citric acid was
formed, This was thought to be responsible for the

increased dissolutlion rate observed.,

Kaur, et al., (1980 a) elucidated the nature of
interaction of griseofulvin and tolbutamide in solid
dispersion with polyethylcne glycol and polyoxyethylene

glycol as carriers, No solid-solid interaction was
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detected for griscofulvin--polyethylene glycol systems,
suggesting that the increased dissolution rate
reported by Chiou .4 Riegelman, (1969) may be due to
surface properticz, Kaur, et al,, (1980 b) later
showed that polyoxyethylene stearate was superior to
polyethylene glycol iu increasing the dissolution

rate of poorly soluble griseofulvin and tolbutamide.
This superiority wes atiributed to the micellar
solubilization of the drugzs in polyoxyethylene

stearate,

Similarly El-3anna end Abdallah, (1980)
attributed the superiority of polaxamer 188 in
increasing the disselution rate of phenylbutazone
over polyethylene pglycol to the surface activity of
the former. Physico-chemical studies revealed solid
solution formation with btoth carriers which explains
the general increasce in dissolution rates with both

carriers,

Hoelgaard and :0ll-r, (1975) compared the in-vitro
dissolution rates u. dispersions of various poorly
soluble drugs witl: cither polyethylene glycol or PVP
to their optimally wctted suspensions. All the solid
dispersions, excep: that of indomethacin, had a
dissolution rate nigher or just the same as the

suspension,
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Following a report by Tachibana and
Nakamura, (1965) o7 n novel method of preparing
aqueous dispersions of @-caroten by using water
soluble PVP, it has been cmployed as a carrier for
solid dispersions with many poorly soluble drugs.
Stupak and Bates, (1972) reported increased
dissolution rate aud abgorption of reserpine by

coprecipitating it with PVP,

Simonelli, et al,, (1969) investigated the effect
of PVP of variouz molecular weights on the dissolution
rate of sulfathianzole, Coprecipitation of
sulfathiazole with FVF wis found to markedly increase
its dissolution rate, Lowcr molecular weight PVF
were superior to t.:.wsc of higher molecular weights,
These authors were able to describe a model that
explains the mechanism of uissolution of sulfathiazole
from the solid dis ersions prepared., They proposed
a PVP controlled exierral layer at high PVP weight
fractions and a sulfuthianzole controlled external
layer at low PVP wei Lt fractions. These workers,
(1976) later concludzd that the presence of an
amorphous form of sulfzthiazole in the solid dispersion
was responsible for the increase in dissolution rate,
The same observations were reported for nifedipine

(Sugimoto, et al., 19860; 1981).
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In addition ©o increasing the in-vitro
dissclution rates of poorly soluble drugs, solid
dispersions have been found to increase also the
oral absorption ol these drugs, either from powders,
compressed tablets or capsule dosage form of these
dispersions. This fact iz attested by the increased
toxicity of digitoxin frem digitoxin-polaxamer 188
solid dispersions adninistered to mice orally
(Reddy, _et al., 197C). Folaxamer, which is a high
molecular weight polymer, is expected to form
interstitial solid solutions with the small molecular
weight, organic drug, digitoxin., The surface tension

lowering ability of polaxamer was also of advantage.

Chiou and Riegelmen, (1971b) observed complete
oral absorption o7 griseofulvin from compressed
tablets of griseofulvin-polyethylene glycol solid
dispersion, However, aibsorption from the commercially
available griseofulvin tablets was incomplete,

irregular and prolonged,

Stoll, et al., (1969) attributed the increased
oral absorption o7 reserpine to an increased
dissolution of the druv when coprecipitated with
cholanic acid. This fast dissolving solid dispersion

allows for a faster absorption of reserpine.
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Some work has been carried out in an attempt to
improve the dissciution characteristics and
absorption of some bewzoiliiadiazine derivatives
through the solid dispersion approach. Hoelgaard
and Moller, (1975) ccupared the dissolution profile
of mechanically wetted 2nd sonified hydrochlorotiiiazide
suspension to it's solid dispersion in polyethylene
glycol 6,000 and PVF 11,500, The dispersion in
polyethylen glycol wae superior to all the others,
while the mechanically vetted and sonified suspension
had identical dissolution profiles because the crystals,
in both cases, hat & small surface area, The
superiority of polycthylene glycol is due to the

formation of a reasonable amount of solid solutions.

Corrigan and iimoney, (1975) evaluated the
dissolution characieristics of hydroflumethiazide when
coprecipitated w~ithh PVP. The X-ray and infrared
analysis revealed “he presence of an amorphous form of
hydroflumethiazicde in the coprecipitated systems,
Consequently the dissolution rate of hydrolfumethiazide
from the compressed tablets was increased, The ability
of PVP to retard ciystal growth of hydroflumethiazide
could be of an added odvantage. Corrigan, et al., (1976)
extended their stwlies toc coprecipitates of PVP and
hydrochlerothiazide, They compared the influence of

PVP 10,000 and 44,000 on the dissolution rate
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characteristics o’ tne drug, Dissolution rate tests
were performed using capsule formulations of the
coprecipitates, ii': lower molecular weight PVP

was found to be uorc effective in enhancing the
inevitro dissoluiion rate of hydrochlorothiazide,
However, the resulis revealed that PVP retarded the
initial dissolution rate of hydrochlorothiazide from
the capsule dosage form, probably due to retardation
in deaggregation and dispersion of the drug.
Bioavailability studies by urine analysis showed that
coprecipitation withh PVF generally increased the

bioavailability of liydrochlorothiazide,

El-Banna, ot ale, (198Q)contributed by studying
the phase diagram and dissolution rate characteristics
of hydrochlorothiczide in solid dispersion with urea,
where they detect.d the presence of solid solutions
containing hydrcciloroliinzide in the compositions
of 10 % and 90 %4, There was also an evidence of
eutectic formation containing about 20 % and 37 % of
hydrochlorothiazice in urea., Molecular complexes of
urea and hydrochlorctliiazide were also detected at
hydrochlorothiazide-urea molar ratios of 1:5 and 1:10.
Dissolution rate ute¢sis were carried out on solid
dispersions containing various weight fractions of
hydrochlorothiazide and urca. These authors were able

to elucidate the mechanism that accounted for the
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enhanced dissolution of hydrochlorothiazide from the
solid dispersiou, 1l.¢ extent of enhancement when
compared to the physical mixture does not support a
mechanism based on local sclubilization effects of

urea alone,

In another developient, Deshpande and Agrawal,
(1982 a) investigatcd the influence of polyethylene
glycol on the dissolution rate of benzothiadiazine
derivatives. Tue:'¢c was a general increase in the
rates of dissolution f{rum dispersed systems when
compared to the pure drugs alone, These authors,

(1982 b) further investigated the influence of various
carriers on the dissolution rate of hydrochlorothiazide,
Urea was found to Lo superior to dextrose, polyethylene

glycol 6,000, sorbitol and tartaric acid.

It is worth 2, pureciating that the practical
applicability of solid dispersion technique in
improving drug pruodiicts would not be complete if the
effect of aging on ithe drug release pattern from these
fast release sysicuie are not elucidated, Generally,
aging of solid diszo»rsions have been shown to decrease

the dissolution rates of dispersed systems,

In a review article Chiou and Riegelman, (1971 a)
attributed the decre:se to increased precipitation and

particle size of %tne dispersed drug with age. These
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phenomena are variously dependent on the storage
time, temperature, hupidity of the storage
environment and ti.e relative composition of the drug

to the carrier in the system,

Chiou and Niazi, (1971) reported a decrease in
dissolution rate of sulfathiazole from solid
dispersions with urca after storage for one hour at
105°C. This was attributed to increased crystallinity
of the sulfathiazole, Similar reports of decreased
dissolution rate with age have been reported for
indomethacin=-polyetiiylene glycol solid dispersion
systems (Allen and Kwan, 1969),

Ford and Rubinstein, (1980) evaluated the aging
effects of storage time, temperature and relative
humidity on the dissolution rate and hardness
parameters of tauiets prevared from
indomethacin-poly=thylene glycol 6,000 solid
dispersions. Tab.cis obtained by in-situ granulation
method, using the uwelt of the polyethylene glycol,
showed decreased dissolution rates after storage at
25°C and 3500, wihille the traditionally wet granulated
tablets showed no decrease in dissolution rates, when
stored under the same témperature conditions. The
presence of humidity was however found to decrease the
hardness and dissolution rates of tablets prepared by

both methods.
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A previous revort oy these authors, (1977)
however showed tont an iucreased dissolution rate eof
chlorpropamide wvas ouscrved for aged solid
dispersign systes: o cnlorvpropamide with urea.
These reports pro..: aging effects to be of
considerable imporcance in evaluating the usefulness
of the solid dispers:on vechnique in drug vroducts

guality improve.:citt,

It is evideni irom irnis review that the solid
dispersion techni:.¢ i. & immense importance in the
development ef bettor pr-ruaceutical and drug
products. The various wech:anisms by which solid
dispersion technicue inproves the dissolution profile
of drugs can be clearly unverstood. S5o0lid solutien
and eutectic formsiior - sometimes surface activity
of the earrier ar. scire coutributory factors in
increasing the diczsiulion characteristics ¢f peorly
soluble drugs dis, s'sed ia readily water solubie

carrier,

Increased dissoluiion rates and absorpt}on of
drugs go a long woy .n reducing clinical failures in
drug therapy; wnic:. wost often are attributed to the
non-availability oo "ne drug at the site ef action,
It could alsc be a way of formulating a sustained

release desage foi'd by celection ef poerly soluble
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carriers. Ghanen, et als, (1980 a) observed

sustained release characteristics with

tetracycline=acrylic resin dispersion systems.

Chiou and Smith, (1971) also conceived this
technique as an a.orovach to formulating organic
liquid drugs with irmvnroved biopharmaceutical

qualities.

A review of previous work reported on the
dispersion of hydroculorothiazide reveals that n»
dissolution rate stucies have been carried out on
compressed tablets of hydrochlorothiazide dispersed
in either urea or FVP, Aging effects on the
dissolution characteristics of tablets from these

dispersions have not beoen reported either.,
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RESEARCH PROBLE!1 AYD CBJECTIVES

The drug to 12 investigated in this work is
hydrochlorothiazide, It is a diuretic belonging to
the benzothiadiazide rroup. Diuretics are chemical
agents or substacces whiich are capable of increasing
urine formation by tue kidneys and hasten the

elimination of f{liuld frow the body.

The clinical utility of hydrochlorothiazide rests
on the fact that it is poient and well tolerated when
administered orally, It has been employed in the
treatment of oedeiia, especially when associated with
congestive heart failure, It is also useful in
treating nephrotic syndromes irrespective of cause and
in the management of mila to severe hypertension, when

used in conjunctici with other agents (Martindale, 1978),

Although the toxicity associated with the use of
hydrochlorothiazice is low, numerous untoward effects
are often expericocec, Some of these include
gastrcintestinal tract disturbances such as nausea,
vomiting and diarrioe, hyperglycaemia and loss of

potassium from tie nody duc to prolonged use,

Hydrochlorotiiiazide is practically insoluble in
water (Martindale, 1978) uand aqueous fluids of the
gastrointestinai tract and have therefore posed many

bioavailability problens,
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Many clinical failures in drug therapy have
often been attribuccd to the non-availability of the
drug at the site of action or in the systemic
circulation., This ualkeg il necessary for the
dissolution profile of poorly soluble drugs to be
established,

This project is aimzd at utilizing the solid
dispersion technique to improve the aqueous
solubility of hydroclilorothiazide thereby increasing
the dissolution rate and bioavailability of the drug.
This will consequently allow for attainment of more
clinically signiflicant blood levels of the drug.
Additionally, this could evolve a technology for
formalating products of reduced dosages at the same

time maintaining Uhe therapeutic potency of the drug.
This study involves

(a) Preparation of coprecipitates of the
hydrophobic iuy hvdrochlorothiazide with the
readily waler soluble carriers urea, PVP

10,000 and 44,00C,

(b) Performing dissolution rate tests on the freshly
prepared copnrecipitate and also on the pure

drug.
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(c) Formulation o tnblets from the various
coprecipitate acd irom the pure
hydrochloro = .:zide powder. Determination of
the potenti~l cualities of these tablets by
evaluating their properties as regards to
hardness, sirinuility, disintegration time,
uniformity ov. active ingredient, weight

variation and uniforwity of diameter.

Dissolution r. tc tesis shall then be performed on
these tablets and coupared, Direct compression will
be used in order “o prevent prior solubilization of
hydrochlorothiaziie duc to the use of aqueous
franulation fluids wiiich may otherwise interfare with

the dissolution reie isstse

(d) Aging studies s @ll be carried out by
evaluating cre e ivcis of humidity and storage
time on the disini. ration and dissolution rates

of these tabiois,
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CHAPTER TWO

PRELIMINARY INVESTIGATIONS

DRUGS AND CARRIZRS USED AND THE CRITERIA FOR
THEIR SELECTION

CRITERIA FOR DRUG AlD CARRIER SELECTION

A carrier could be described as an inert water
soluble substance (dispersion medium) suppesedly
made up of high molecular weight pelymers in which
the active ingredient is dispersed. A good carrier
for effective solid dispersion technique are expected

to meet the following criteria (Goldberg, et al., 1966a)

(a) Readily soluble in water §

(b) Physiologically inert

(¢) A melting point of not more than 200%C
(d) Thermal stability up to its melting point

(e) A relatively low vapour pressure

Factors ¢, d and e are significant only when the
melt (fuéion) method of preparing the dispersion is
employed., Fer the solvent method, it is essential
that the carrier be readily and completely soluble in
the solvent used and that it is not denatured or
decompesed by the solvent,
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Other specific requirements for carriers which
could influence the type of dispersion formed

include:

(a) Molecular si:ze

The essential criterion for the formation of

an interstitial solid solution is that the
molecular size of the carrier be much higher
than that of the solute (drug). High molecular
weight polymers, such as the polyethyelene
glycols having a molecular weight ranging from
1,500 to 20,000 are therefore expected to form
fast release solid solution systems with
organic dru; molecules usually of small

molecular weiphts below 400 or 500,
(b) Supercoolin; and viscous effects.,

The carrier should conform to favourable
behaviour as regards fast cooling and viscous
effects, Fast cooling could result in the
formation of metastable solid dispersions which
often show increased dissolution rates
(Chiou and Riegelman, 1971 a). In addition,
prevention of nucleation of crystalline form
and crystal growth of sulfathiazole in solid

dispersion with FVP have been reported
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(Simmonelli, et al,, 1970; 1976). These
properties are highly desirable with various
drug/carrier systems, In view of the above,
PVP has been selected as a carrier for these
investigaticns, Further more, urea which is
also employed in this study, has an added
adavantage of having mild diuretic effect. This
property could potentiate the effectiveness of
hydrochlorothiazide as a diuretic when

eoprecipitated with urea,

While the carriers should comply to the eriteria
discussed above, the drug should alseo meet certain
requirements, some of which include

(Goldberg, et al., 1966 a)

(a) Poor water solubility

(b) Therapeutically significant

(¢) Thermal stability up to its melting point
(d) Relatively low vapour pressure

(e) Melting point of not more than 250°C

Similarly, foctors c, d and e are more
significant when the fusion method is empleyed., With
the solvent method, the drug must be stable in the
presence of the sclvent eumployed, The use of
hydrochlorothiazide in this study is justified by its

poor water solubility, therspeutic significanece
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The main uses of hydrochlorothiazide is in the
treatment of cedema orf various origins and as an
adjunct to reduced doses of hypotensive agents in the
management of mild to severe hypertension

(Martindale, 1978).

(b) Carriers

i) Polyvinylpyrrolidone, with the moleeular
formula (CGHgND)n, molecular weight of
111+1 X n and structural formula shown
below, was supplied by the kind courtesy of
Messrs, BLI! Chemicals Ltd., Poole England.

- -

\\N__/’%o
I
- —CH~ |
S %

Polyvinylpyrrolidone is a polymerized form of
vinylpyrrolidone, It is a white, slightly
hygroscopic powder which readily dissolves in water
giving a somewhat viscous, clear, coleurlass teo a
slightly yellow solutione It is algo soluble in
ethanol, chloroform, methanol, ethoxymethanol and
isopropyl alcohol, It is insoluble in benzene and

acetone,
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Polyvinylpyrrolidone is used principally in
pharmacy as a suspending agent, tablet binder,
granlating agent and in the formulation of
effervescent tablets (Martindale, 1978).

It has been employed as a carrier in solid
dispersion with various poorly water soluble or even
insoluble therapeutic substance (Mayersohn and
Gibaldi, 1966 ; Bates, 1969; Simonelli, et al., 1969;
Corrigan, et al., 1975; Hoelgaard and Moller, 1975;
Simonelli, et al., 1976; Ghanem et al., 1980 b).
Polyvinylpyrrolidone of molecular weights of 10,000
and 44,000 have been employed in this work.

ii) Urea, with the molecular formula CO(NHZ)Z'
molecular weight of 60,06 and structural
formula shownbelow, was supplied by the kind

courtesy of liessrs BDE Chemicals Ltd., Poole,
Bngland -
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Urea is a colour less, slightly hygroseopie,
prismatic or a white crystalline powder having a
cooling saline tnste, It readily dissolves in water,
giving a neutral solution, It is also soluble in
aleohol, but insoluble in chlaroform and ether.

Urea has a melting point between 1%2°C and 13&:0.

Urea has been used@ therapeutically as a diuretie
when given orally., It has also been used in treating
inereased jintracranial pressure due to cerebral
cedema and to maintain output of urine after surgery,
burns and trauma (Martindale, 1978; British

Pharmacopoeia, 1950),

Urea has been employed as a carrier in solid
dispersion with wany water insoluble drugs
(Sekiguchi and Bhi, 1961; Goldberg, et al., 1966 <;

Allen and Kwan, 1269; Chiou and Riegelman, 1971 bj
Ford and Rubinstein, 1977; El-Banna, et al., 1978;
1980; Deshpande and Arrawal, 1982 b).

DETERMINATION OF T:.E WAVELENGTH OF MAXIMUM ABSORPTION
() max) FOR HYDROCILOROTHIAZIDE

METHOD

A 1 mg/ml solution of hydrochlorothiazide was
prepared by dissolving 50 mg of accurately weighed drug
in 50 ml of absolute methanol, 5 ml of this solution
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was then diluted with distilled water to obtain a
100 pug/ml solution oi hydrochlorothiazide in 10 %
methanol solution, This was further diluted
quantitatively with 10 % wmethanol solution to obtain

a 20 pug/ml solution which was used for the analysis,

The absorbance of this solution was measured
between 200 nm and 300 nn wavelengths by means of a
spectrophotome ter (Pye Unicam SP6-550, Cambridge,
England) and Pye-Unicam silica cells. 10 % solution
of methanol in distilled water was used as blank.

The wavelength was then plotted against the absorbance
values to determiune the wavelength of maximum

absorption,

RESULTS AND DISCUSGION

Tables 2:1 a and b show the absorbance values
for the determination of the wavelength of maximum
absorption, Froua ihese volues and Fig. 2.1, two peaks
were identified at 225 nm and 273 nm for which beer's
law was obeyed to a miximum concentration of 5 and
10 pg/ml respectively, On this basis, 273 nm was
selected as the wavelength of maximum absorption,
All further analytical investigations were carried

out at this wavelenuytih,
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Table 2:1
Jetermination of Wavelength of maximum absorption of
hlrochlorothiazide in 10 & methanol solution in distilled

wooLer

A B
Wavelength Ab;::'géég‘ Wavelength Absorbance

(nm) (nm) B
200 04421 265 0.830
2C» 0,561 266 0,880
210 0,790 267 0,910
215 1,061 268 0.930
220 1.232 269 0.955
225 1.306 270 0.976
230 1:070 271 0.988
235 Q.74 272 0,990
240 0,190 273 0,950
245 0,151 274 0.975 i
250 0,204 279 0.954
255 0,357
260 0,537
265 0,830
270 0,976
275 0,954
280 0,720
285 0,443

2290 0,245

- 295 0.165

300 0,148
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EIC 2.1, Determination of wavelength of maximum absorption for hydrochlorothiazide in

10% methanol solution in distilled water.
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PLOTTING OF THE S3TANDARD CURVE
METHOD

From a stock sclution containing 100 ug/ml of
hydrochlorothiazide in 10 % methanol solution in water,
solutions of concentrations ranging from 0,1 ug/ml
to 60 ug/ml were prepared by quantitative dilution
with already preparzd 10 % methanol solution in
distilled water,

The absorbance of these solutions were measured
at 273 nm using 10 % methanol solution as blank and
the values plotted agzinst the corresponding

concentrations to obtain a standard curve,

The coefficient of absorbance (K) for
hydrochlorothiazide in 10 % methanol was alse
calculated.

Coefficient of absorbance (K) = ahsorbance : :ﬁgpgugie
Concentration

RESULTS AND DISCUSSLICN

Table 2:2 and Figure 2,2 show the results for

plotting the standard curve,

Beer's law was obeyed cver a concentration range
cf 0.4 pg/ml to 10 ug/ml of hydrochlorothiazide in

solution with corresponding absorbance values of
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0,023 and 0,547 respectively, These points represent
the lower and the upper limits of sensitivity of the
spectrophotometer uvsed, It is implicit therefore,
that only @sorbance valucs between these two limits
would be reliable, 4'e coefficient of absorbance

calculated from Fi;, 2,2 was 0,055

Table 2:2

Flotting the standard curve

Concentration of Absorbance

hydrochlorothiazide at 273 nm,
‘Mml) in 10 % metnanol

100 T 502
60 1.452
50 1.426
25 1.137
20 0.989
19 0.948
18 0.910
17 0.876
16 0.820
15 0,777
10 0.547
5 0.276

b 0.220

3 0.167

2 0.112

1 0,050
0.5 0.030
0.4 0.023
0.3 0,012
0.2 0,008
0.1 0.002
0,0 .. 0,000

*Each absorbaunce value is an average of two
separate delerminations,
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2,4  DETERMINATION OF T3 SOLURILITY CF HYDROCHLOROTYIAZIDE
IN WATER AT 37%

Zolte1 METHOD

500 mg of hydroclLlorothiazide powder was added to
100 ml of distilled woter contained in a 250 ml
velumetric flask and stoppered., The flasks and the
contents were then shaken to eguilibrium in a water
bath shaker (Galleukary England) maintained at 37°%¢

for 36 hours.

5 ml aliquots were withdrawn, filtered through a
millipore filter pop:r (pore diameter 0,45 m) and
quantitatively diluted with distilled water. The
solution obtained was then assayed spectrophotometrically,
using distilled water as the blank, to determine the
hydrochlorothiazide contents, This procedure was

repeated twice,
Zelte2 RESULTS AND DISCU551CIH

The solubility of hydrochlorothiazide in distilled
water at 37°C was found to be 1,118 mg/ml.

“ele AQUEOUS SOLUBILITY O WYDROCHLOROTHIAZIDE AS A FUNCTION
OF CARRIER CONCENTI{ATION

This experiment is designed to determine any
possible interaction between hydrochlorothiazide and

the carrier in aqueous sclutions., It involves the
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determination of 'L solubility of hydrochlorothiazide
in solutions of itac carricrs of different

concentrations in distilled water.
METHCD

500 mg of hyircchlorothiazide powder was added

to 100 ml of the c: rrier sgolutions in distilled water.
.

The carrier conceirtrotions ranged from 0.1 % te 3 %,

‘contained in 250 wl velumetric flasks. The rest of

the procedure waz the came as described earlier,

A preliminary investigation showed that the
carriers employed do not abscrb at 273 nm wavelength.
However because of ii.e hignh concentrations of the
carriers used (up vo 3 %), the blank empl&yed here
were solutions oif the cnrriers of concentrations
equivalent to that in the test sample and
quantitatively diluted to the same extent., This was

repeated twice forr cachk carrier,
RESULTS AND DISCU.SLTON

Tables 2:3, 2:4 2:5 and Figure 2:3 show the
results for the iavlucnce of carriers on the
solubility of hydrochlorothiazide in distilled water,
These results shoiu that the aqueous solubility of
hydrochlorothiazide is increased in the presence of all

the carriers employed, Furthermore, the extent of
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increase was found o be morve with increasing
concentration of o~ cgrrier in seolution. However
with PVP 10,000, #n increase in the solubility of
hydrochlorothiazisic was observed only when PVP was

in a concentration above 041 %. Because of the high
water solubilitics of these carriers, it may be
possible that they brought about easier wetting of the
rather hydrophobic hydrochlorothiazide thus increasing

its solubility,

Table 2:3

Solubility of hydrochlcrothiazide in solutions of
PVP 10,000 of varicus concentrations in distilled
water at 37°C

Concentration of Mean absorbance Concentra-"
PVP 10,000 in at 273 nm tion of
distilled water hydrochler-
(% w/v) othiazide in
solution
e (mg/ml)
0.1 Ue219 0.995
+ 0.2 04220 1.000 ;
© 0,3 0,225 1.023 :
v 0.5 0244 1,109 '
1.0 04263 1.195
2,0 06306 1.418
t 3.0 ' 04340 1.582

Dlaten fodse 15 768
#Dilution factor is 250
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Solubility of hydrochleovothniazide in solutions of
concentrations in distilled

FVP 44,000 of various

water at 37°C

Concentration of

PVP 44,000 in
distilled water
(% w/v)

041
0.2
0.3
0.5
1.0
2,0
3.0

Table 2:5

- - e -

Mean absorbance Contentra-— *

et 273 nm tion of
hydrochlo-
rothiazide in
solution ’

(mg/ml) ‘

0,255 1.150 5

04259 1,177 '

0.264 1.200

0,273 1.241

0,293 1332

V378 1.718

Solubility of hydroci lorothiazide in solutions of

cC O

urea of various cc

water (% w/v)

Ul
0.2
0.3
0.5
1.0

e —— % *

-

2.0
3.0

Concentration of
urea in distillzd

wcentirations in distilled water

lican
absorbance
at 273 nm

o |
Concentration '
of hydrochloro- .
thiazide in :
solution (mg/ml)

T,282
0.284
0,289
0,292
0.305
Ue332

0,358

T.282
1.291
1.314
1.327
1.386

1.509
1,627

s asn o

*Dilution factor is 250
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CHAPTER THREE

FREPARATION AND DICHLUTION 3TUDIES OF THE
COPRECIPITATES OF (1YDROCU{LORCTHIAZIDE WITH THE
VARIOUS CARRIERS

METHOD OF SAMPLE MgPARATICN
SOLVENT IMET!ICD

The solvent method was used to prepare the solid
dispersions (coprecipitates) of hydrochlorothiazide
with all the carrisrs, Only the minimum amount of
solvent (methanol) required to dissolve all the drug
and carrier to form 2 homogeneous solution was used

in each case.

The physical aixture of hydrochlorothiazide and
the different carriers were dissolved in a minimum
amount of methanel to foria a true homogeneous solution,
The methanol was t.en evaporated at room temperature
under vacuum in a desiccator, The resultant solid
mass was further dried in a desiccator under vacuum in
the presence of puosphorus pentaoxide as a desiccant
for two days. The dry solid mass was then pulverised
using a glass pestle and mortar and sieved. Samples
with particle size between 250 u and 355 u were

collected and used for the in-vitro dissolution rate

tests.



61

Dispersions containing 10, to 50 % w/w of
hydrochlorothiazide in the various carriers were

prepared.
32142 FHYSICAL MIXTURS3

These were prepared by mechanically mixing
accurately weighed quantities of hydrochlorothiazice
end the carriers in a glass pestle and movtar, for
about ten minutes, "ne resultant homogeneously
blended mixture was collected and stored for in-vitro
dissolution rate studies, Physical mixtures containing
hydrochlorothiazide in a concentration of
10, 20, 30, 40 and 50 % w/w in each carrier were

prepared,
G P % HYDROCHLOROTHIAZI) POWDIER

This was used zs supplied by the manufacturer,
The sample was not recrystallised from methanol or any
organic solvent nnd particle size reduction was not
necessary since the drug was already in a fine state

of subdividion,

Ded DETERMINATION OF Ti« STADILITY OF HYDROCHLOROTHIAZIDE
IN THE COPRECIPITA:E

It is essential, that the hydrochlorothiazide is
physically and chenically stable to the presence of

the solvent and during tne preparative procedures.



This made it necessary for the stability of
hydrochlorothiazide in the coprecipitates to be
ascertained. 7Two methods, the ultraviolet
spectrophotometric ¢ i'e thin layer chromatographic

techniques, were used,

ULTRA=VIOLET SP4CTROPHCTOMETRY
METHOD

An accurately veiphed quantity of the
coprecipitate containing 1C mg of hydrochlorothiazide
was dissolved in 100 ml of distilled water. 2 ml of
this solution was quantitatively diluted with
distilled water to 50 ml, The resultant solution was
then assayed spectrophotometrically at 273 nm

wavelength to determine hydrochlorothiazide content,

The hydrocnlorotniazide content was compared to
the theoretically calculated value, The extent of
deviation of the experimental value from the
theoretical valuc 1s a measure of instability of the
drug in the dispcrsion, Preliminary investigation
indicated that the carriers used in this study do not
absorb ultrae-violcl radiation at 273 nm wavelength;

therefore, interfereuce of the assay by these carriers

was preglyded.,
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Jele1e2 RESULTS AND DI3CULSION

Tables 3.1 to 3,3 show the results for the
determination of the stability of
hydrochlorotniazide in coprecipitates prepared with
various carriers, 1ihe drug content for all the
samples with the tiree carriers ranged from
98,2 % to 101.,8 % of the theoretical value which

is 10 mg.

These results indicate (within the limits of
experimental error) that the hydrochlorothiazide
was stable throughout the preparative procedure and
that it was not Jccomposed or degraded by the

solvent used in preparing the coprecipitates,

iable 331 Stability of nydrocnlorothiazide in it's
coprecipitate .ith PVF 10,000

L e & 4

% hydrochloro= Mean Equivalent Theore- % of
thiazide absorbance  hydrochlo- +tical. . theore=
content in at 273 nm* rothiazi- hydro- tical
the copreci- de content chlbro- content
pitate (mg) thiae
zide -
e o : o o ,-;p?fr_._ rt S
............... Al )

10 0.218 9.91 10,00  99.1
20 0,219 9.95 10.00 99.5
30 04220 10,00 10,00 100,0
40 04219 9.95 10,00  99.5
20 wle200 L 8.95 10,00 __99.5 .

#*Each absorbance v:lue is an average of two separate
determinations,



halle 332 Stability of hvdiochlorothiazide in its

coprecipitate witis FvP 44,000,

---------

3 hydrochlorn- Mean

- s Bes Ao

Fauivalent

uwdnzide absorbarnce hearochlo=
contlent in the at 273 nut reihiazide

coprecipitate

10 0.221
20 0.274
30 0,218
Ho 0.216
50 0,222

--------

content

(mg)

----------

Theoret- % of
ical’ theore-
hvdroch- tical
orothi- content
aZidﬁ

gontent -

mg )

O A T T

10.00 100.5
10.00 101.8
10,00 99.1
10.00 98,2
10,00 100.9

“Lochn absorbance value i an average of two separate

celerminations,



65

Table 3:3 Stability of hvircchlorothiazide in its

coprecipitate with urea,
» hyarochloro= Mean Eguivalent Theoret- % of
vhiiazide absorban«oe hvdrochlo- ical theore=-
centeut in the at 273 nat* rothiazide hydro&h- tical
coprecipitate content lorothi- content
(mg) azide
content
(mg)
10 0,224 1018 10,00 101.8
20 0,222 10,09 10,00 100,9
30 0,217 9,86 10.00 98.6
50 0,223 1014 10,00 101.4

O L L S

“incn absorbance value iz 4l average of two separate
coerminationse.

Jelsd THIN LAYER CiliOsATOURAFITY

Chromatography ic » zeparation technique based
on the differeantisi distribution of a mixture
between two phascs <ne of which is percolated
through the other., !Ver elfective functioning of
this technique, it is essential that the test
material be of moleculer dimension. This is usually
achieved by vaporization or by putting them in

solution,
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Thin layer ciromalographic technique
operates on the orfsorption principle, whereby
separation of v rious components in a mixture is
brought about vy itueir differences in affinity for
the support materisl (adsorbent), It is of
optimum significaiice tno, that the adsorption be
reversible so as Lo sllow for the advancement of
the components, by the carrier phase, from the

point of application,.
PREPARATION OF PLATES

A slurry of t:e adszorvent was prepared by
mixing 40 g of silice pel=G60 (Merck, England) with
80 ml of distilled water thoroughly for about twe
minutes, The slucry wv=s put in a spreading device
which was then Jr.wn zccress a series of 10 cm x 20 cm
glass plates, devositing a uniform coating of it in
a preadjusted thic.mrer ol 250 u. The plates were
allowed to set uue dry ia air for about 24 hours,
They were further drici aw 110°C for about one hour

to activate them Jor use in the analysis,

METHOD

Test samples: Solutions of the coprecipitates
containing an equivalent of 0.1 % w/V

ot hsdrochlerothiazide in methanol.
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Standard: 0.1 5 v/v solution of pure

hydrocnloroihizzide in methanol,

Solvent system: REihyl acetate : Benzene (4:1).

Development: Ascending technique to 12 cm height,

Using micropipeties, 0,05 ml of the test
samples and the standnid solutions were spotted on
the activated chromatographic plates. Enlargement
of the spots was prevented by drying in between
applicat:ong by means of a current of cold air from
an automated air blover, The chromatogram was then
developed using the acscending technique in the
solvent system (coutained in a Shandon chromatank)
to a height of 12 cme. Tie plate was then removed

and dried at 50°C.

Identificativa of the spots of
hydarochlorothiaziue wacs done under ultra-violet

radiation of 2646 am wavelength,
RESULTS AND DISCUSLION

Figure 3.1 show the results of the thin layer
chromatographic determination of stability.
Visuallzation of the developed chromatogram under
ultra=-violet radiation revealed a single
fluorescing spot in each case (indicated as A, B and

C on Fig. 3.1) representing the position of



FIG 1 Developed thin layer chromatogram of pure hydro-

chlorothiazide ( B); 30°, coprecipitates of

hydrochlorothiazide with urea

pyrrolidone 10 000 (C).

(A ) and polyvinylp

D - Baseline for sample application
E - Solvent front
Solvent system = Ethyl acetate :Benzene (4:1)

Development = Ascending technique
Rf value = 0-458:




L %

69

hydrochlorothiazide convained in the test samples
and the standard solution, All the spots had
ascended to the s-me distance and therefore had the

same Rf values 07 Ug-'ri,

Distance moved by spot Sc:m!

...........

Ry = Distance rused by solvent (cm)

As no other spot was observed, it could be inferred
that there was nc decompesition of
hydrochlorothiarzide aitcr coprecipitation with the
various carriers, tlowever, it was not possible by
mere visualization to quantify the amount of
hydrochlorothiazite co.tsnined in each spot. This
implies that the thin layer chromatographic technique
should always be sulplewented by other methods in
order to ascertaia ULlie stability of this drug in

the dispersion,

INFRARED STUDIAS
Method

The potassiwuy bromide (KBr) disk method was used
for the infrared determinations at solid state.
30 % dispersions oi hydrochlorothiazide in PVP 10,000
and urea were uscn as test samples., Pure
hydrochlorothiazide, PVP and urea were used as

comparative stand«rds,
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The test materizl ard solid KR were mixed
in appropriate urovoriions. The uniformly blended
mixture was compicsced into a disc at a pressure of
about 9 tons. Trc almost transparent disc was
mounted on the inirarea spectrophotometer
(Perkin-Elmer type 710E, connecticuts USA) and

scanned using pu.e KBr disc as reference standard.
RESULTS AND DISCUBSION

Figures 3,2 to 3,06 show the infrared  spectra
of pure hydrochlorothiazide, urea, PVP. and 30 %
dispersions of hydrochlorothiazide with urea and
PVP 10,000, A conparison of the spectra of the pure
drug and carrizr:; to that of the coprecipitates
do not show any cignificant shift or change in the
major peaks, especially Letween frequencies,

1,300 em™ and 36,000 cm"q. This, therefore,
precludes any ppssible solid-solid interaction
between the dru_ nd any of the two carriers at

this composition,



oov

209 008 00! 0071

LYV ALMNIC) a3

oovi 0091 0081 ooc.u

SAMPLE

——— SPECTRUM NO.__

T .

00¥Z

L
|
#

!
_
_
“
__

:

|
| __ !
| _

] BESYERERE 3R 53 GRS ERREA ISR ARE S =ERIR N IN _ (l AL E
13 FPEERER L ot PR ST AR ey T ”,.__ Li 2 H
H LA RE3 05241 DESRG 15325 FR 3T RE0TT ANNEY 35s7 ey Al cEugl bt _
SERE : HEdEEHGE REENE ERANY K. | Badl: 4 il NY SN !
| asest T . a1l _
“ REHE 3R S CRR 455X “
) uiﬁ T 1 .ON_rwli_ ON_ :1__., -
155 R o =8 & RBEE "o +~HE @ e T,_,r-
_. .(ard | i A (I 3400 M
- ‘ 3 : _. _ [ |
it IoSA . O 8l B NN S Loy REE i
_ _ _ g 0 | |
1.3 . 1] o SR ; 1 .
i (il _ 4048 i i I B

il R EEI GOt ekt R i e R R CIA1EE55 6 N LR L
pLL _ i1l

'
—
i

——

NOISSIWSIVEL 1N3O¥3d

e e —
; : d n $

000V

I A T Eae e o T T

i 9l

yLELZL Il O 6 8 L 9

g Py et ] 1

(w) S3313IWOUAIIW

0o¢ &

NIDIHO

. d,JU - d0LYY¥3dO

I WA TIIOTUA T aWvS
L ‘'ON WNYLD3ds

Nm_ﬂgwu Lva

[ NOUNIOS3d

v ) ADdINT 1M

W NV
] AAUNS SISTERS

L_1"ADJV

<
W\ ‘%

o) SAUVWIY

3% o

j.w ~3SVHd

SSIANDDIHL

ZO-*ZNUZOU

I 1™ {AI™I™ A lIIvNIL I™ 1



SPECTRUM NO.

SAMPLE

UWIF AJINGINIOded

ooy oorL  009i 008l  000Z  OOYZ  008Z  OOZE  009€  OQO¥
11 TR IR INA0 0 . i e ! AEE S
HA H i e - Pt -
. -t : \ _ — > i i
] _
753 oz Y1 Lgz 1 u!.v,_ ww
LT
__ _
tH T 1T ety
i | \ _ )
e ~Ov- -t OP- |- T bt R
} b ! : { N
| JM | HH m
= 8 S - _i.r 1S .;_v. rn 411>
| | z
- 09 o THT 1
| : { | O
| ] Tl | Fj=
T OB o8 —H{1108: _ et fiﬁ:
a1 _..mfi S L[5 N I-J........q.. T RN 13 b, L _ “" “ 7‘_ - ‘ ; .._.v ol
£ — o 3= SRESS 50 -8 A 20 H ﬁ_“ m._ i _ ~ 1}
,_ i X ' 1 to 4” — . | ! | | — ] ] '
il 4 1R , F Grtid ] SR H N __ ‘_F_ ki
L ] ] T | L | L] 0, R O T D S | L 1 B i I | S ] T ! 1
S¢ (Z8L 9L FLELZL 1L Ol é 8 L 9 S ov St o LA
(W) S¥313IWOUDIW
NIDIO .wﬂo.\%ma_., AVAT T w4y ¥OLYEIdO S0 0L SNVWI
(OJ)QurTer Iy () NOILMIOS 34 A VT 3sVHd
lﬂ, SURATRNIN N9G] T G Py TWWYS | VD () AD¥3N3 IH SSINDIDIHL
.Im. o L0 ‘ON WNALO3dS | (] A3ANNS . [ A2V psa e iﬁzg
N L}



o

SPECTRUM NO. _

SAMPLE

008t

0002

oov

009

00Z1

__oort

0091

00vZ

11 HH -tH _
i | ! _; .,

|.l..it- i ._. ﬁw_.]‘._.l

R

n _, * T

R = | f _

SEES IRRES S AN BT H [ ]

i [ A 1

8 AR T T | | _

T T T S TR E T s = pd A

el SRS S R S S R o B S REE aenat st __ ~

§ BEtlis g5 Isege it 11 L |

r.!”.!. bttt _lrftllrll...lllp._.:..ili:lul..r, iy - j.l. i ___. J}I_Ml_

L Log _ b0 et e L

— L 5 o o i I . $ B s | 1 -

- ' { ; J . 1= . : bk

| | | 11

!T..I ..,..u_.n - - . - R _ Hul L

8 s i 2ERA KRS SRR A% 1 #

4 1 dadd. 13l dSald&nke L 3% R, prerrel SRR 53 B

MH ¥ .. .. —.....q_ | B A . -“. ‘_ . _- .q_,_.. ! ﬁﬁ:... _“.,.._ M _M— ! o s 1 T q. | i i ; *.
SC Zs8L 9L FPLELZL 11l Ol 6 8 L ‘9 < S 4 St ot S

(wr) S¥31IWOEIIW

—_— =

NIOIRO

bCT

LU HI AT YA Q00T JAd-

‘ON WNYLd3ds

v

I

778

ST

[ NOLNTOS3d

) ADdING IH

1°AJ0V

301y¥3d0

3Q0W NVOS

$5 hL  SRYWI

3 ﬂmx b - Avcdnrm ASVHd

SSIANADIHL

NOISSIWSNVEL LN3J83d

000¥

‘HE.ZBZOD

ﬂ 4 lLOPOHIIIORH T, 05 IFWNVS

2 A3ANNS
( ]



e

009 008

WYL AN I aug
oorl 0091 oom_

OOON

008Z  00ZE

000l

00zt

HiTE HO

i e st A
TS il d_m. _

s

sy Al i

|

- ——

ik
% _

—

L

IN3ou3d

NOISSIWSMNYEL

00C¥Y

s¢ C w— e_

: 1% AR

L 9
(wr) S¥3LIWOUIIW

FIRAITRIRLPRINSS UIRA _+ | |
: il AR 1 Y Hian
N 1 | , " ' | _ 1
2 SHE] I43RA0 1AL AN AN : Hin
[ . - . .. L5 S S SR . ‘ o "I SRS T
m_ LR RS : N A | | A __
v 1 : ! _ | w | N
.\ﬁ\ | m_;___*_-_T_w. o
: | | _ _ | _
e s “ i # oo;-lf _ _w
A ﬁ . - ﬂ IH. =k .—\ ..11'_5-m..#. 4_.. ,4.1
M A A )
w £ i) 3 AT TR 8 8 5 6 w0 N B RO
3 HRARE AL 1RER ESA) LUAGY L8200 10040 BU3RA B0 K301 (0 _ L _L Pl bbbl __, L
D kL I 2] .“,__”.__:;_ __*:_ﬁ_q
: - “.”-“.. : . <13 I L * . ._ _ » _ W._ - { B ;__. m “ ! | SN -
_hlﬁﬂ__ LI _._1 T™r 1 Aq.w..lmu Jl%.lnﬂl_,_f L"_I _L.__~ - H * _ I H _JI_ _\___“__m_ #ﬁ _
0

NIOIO

31dWYS

vIJIT  Fand

o QWEe ‘ON WNY¥123dS

wﬂwﬁﬁwﬂw AV TS

L NOUMOS 3y
=371V ) ADO¥3NI H

3A0W NYDIS

“¥01VH3dO

) .m....ll iy ~ SHAVWI

unw.v.ﬁ s IWJﬂWiwm(Im

SSANDIHL

L1 ASAUNS . (1 A0V

T

v‘(u._.ZNUZOO




15

00r 009 008 000l  00ZI

. SPECTRUM NO. ___

SAMPLE _

oov1

009! 008l

i [ ‘- £ 5.4 M . . ot =
NS e i 2 by 8.8 I B0 i =

- —— —— ._.... T e e S T

MR W AR QP W Uh AESUTE WS TN AR AN 5 SN N SN N 48 e 00 5 &
. b 4 B :

|
|
{
{
|
c
oy
T

00z

ove

008e

e

+
e

e - P i hﬂg_. e e 51

NOISSIWSNVEL 1NZ83d

(W) SYFLIWOUDIW

,._mi.t.r1; 1 Mi_r m. r__ | L
| | i __
¥ * Hi L o
23 L. _. | 48 6l S _ il
(1] Y i
— ,_. " * .! ._qlp | S SN A
¥ | | b
IJ.. vl _. . quflﬁ I._.._I_slwri_
it “ AL
. _
§ | L
53 HE e L 08171
L 38 18 g | hep \ RURNE _/,.r?.
! 1Ll i | i | -\
Hak Adiecd it MastEAELISHE | 0 W RH TR
T T ._ T T T .. | T __ : 1 |_~ﬂ .. T _. I T w|_.ﬂ -— m “ I _H T __|__. 1 _., T | h - T
S 0 .81 91 vLELZL 11l Ol & [ ; -

NISIHO
T RLHIGOIY I

3 2 I GIOIHIHTA H Yp0F ANYS

L
9

v

[ A3AuNS

T uva

MMN. \ T S 40LVd3do
3 .qu.J ®
o CJ NOILNIOS 3

(0 AO¥3aNT IH

300W NVOS

D s ULy SNVYWH

94%;\@’ 5:-. /Ju.mh.v ASVHd

SSINDIHL

oze 009€ 000V¥

== ‘ON WNYLO3ds

WITIIAITI NI

S e PR |

L ADIV

q
_

ZQE.ZNUZOU



_'_(".'

76

EVALUATING THT UINIPCRMITY CF HYDROCHLOROTHIAZIDE
IN THE COPRECIPITAYIES AL FHYSICAL HMIXTURES

In order fur ibe¢ in-vivo dissolud on rate data
to be valid as « irue chzracteristic of the gamples
employed in this rtuay, it is necessary that the
hydrochlorothiz:ii2 be soumogeneocusly distributed
thiroughout the corrier cither as physical mixtures
or coprecipitatza, 1o may be achieved by
ensuring proper mi-ing of the components of the
physical mixture und a true homogeneous solution of
the components in an adecuate amount of the solvent
used in preparin:;, .u.e dispersions. Formation of
a true solution oi tlie drug and carrier in the
solvent could also preclude nucleation which could
lead to independent crystallization of the

components.

METHOD

A quantity of ihe sample (coprecipitate and
physical mixture) contpining an equivalence of 5 mg

of hydrochlorotnianzide was accurately weighed and

dissolved in 100 i1 o* distilled water. 5 ml of this

solution was quantitatively diluted with distilled
water to 50 ml, The rosultant solution was then
assayed spectroniictomeirically for

hydrochlorothiazide content.
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This procadure was carried out twice for

each sample,

Zolisz  RESULTS AND DI3CULSIUN.

Tables 3.4 %o 3.3 siiow the results for the
determination o. uniformity of hydrochlorothiazide
in the samples ussd, 1F-se results Show acceptable
standards of uniformity of hydrochlorothiazide in
the samples inve.tigsted. This is evident by the
proximity of the !ruvg content for the two
determinations iJor each sample,

Table 3:4 Uniformity odf hydrocalorothiazide in
hydrochlorothitzide - PVP 10,000 coprecipitates
.. hydrochloro=- Absorbance  Hvdrochloro= Theore- % of theo-
vhiazide at 273 um Lhiuzide tical Tetical
content in the content hydro- content
ispersion {ag) chloro=-
thiazide
content
..................... (mg) -
1C 0.272 %4495 5.00 99.0
<0 0.275 5«00 5.00 100,0
0,274 4498 5.00 99.6
e 0.275 500 5.00 100,0
0.272 fl"'ags 5.00 99.0
&40 0,274 4,93 5.00 99.6
0.274 4,98 5,00 99.6
;v 0.273 l+ 496 5,00 99.2

........

0,273 4,98 5.00 99,6
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vable 3:5 Uniformity cf Lydiechlorothiazide in
hydrochlorotflazive~ FVP 10,000 physical
mixtures

w Lverochloreo- Absorbance  Lvdrochiloro- Theove= % of theo-

nizzide at 273 nin thiazide tical retical
content in the content hydro- content
(ispersion (me} chloro-
! thiazide
content
(mg)
i - 0,272 4495 5.00. 99.0
0,278 2.05 5.00 1.0
20 0,274 4,98 5.00 99.6
0,275 5.00 5.00 100,0
A0 0,272 4,95 5.00 99.0
0.271 4493 %.00 98.6
0 0.274 4,98 5.00 99.6
0.275 5,00 5.00 100,0
.-';-" 01278 I)l‘—:‘r) 5.00 101 .O

0 280 509 5.00 101 .8
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Teble %16 Unifornmity of Hydrochlorothiazide in

hydrochlorotiiazide PVP 44,000 coprecipitates

[ T T S T ——

i. hydrochlore=  Abgorbaace  lydrochlore- Theore- % of theo-

thlezice at 273% un thiazide tical retical
coenttent in the content hydro=- content
tiispersion {mg) chlore=~
thiazide
centent
(mg)
0.259 .71 5.00 Q4.2
~0 0,278 5.05 5.00 101.0
Q0,278 .05 5.00 101.0
30 0.27% 5,00 5,00  400.0
0.272 Ly 35 5.00 99,00
‘JI'I:-" 0.2?’:1- 4.9&.} 5 . OO 99 06
C.272 L 05 5.00 99.0
50 0.278 .05 5.00 101.0
Q.272 .95 5.00 99.0
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wable 3:7 Uniformity of hydrouchliorothiazide in
hyvdrochlorotuiazide - FVP 44,000 physical

mixtures,

PR R R . ~

‘s ydrochloro= Absorbarce  Hydérochloro- Theore- % of theo-

whiczide at 273 nu thiazide tical retical
content in the content hydre~ conent
diupersion (mg) chloro-
thiazide
content
(mg)
10 0.275 500 5,00 100,0
C.281 51 5.00 102,2
20 0.275 5.00 5.00 100.0
0.271 bea3 5,00 g8.,6
20 0.274 4,98 5.00 99,6
0,272 Le95 5.00 99.0
L0 0,270 b, 5.00 98,2
0.275 00 5.00 100.0
5 G.274 L, 98 5.00 99.6

"J 0.270 A 5.00 98.2

LR L N L R
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T.hle 3:8 Uniformity o7 hin'rochlorothiazide in

hydrochlorothi~zide = urca coprecipitates

Lydrachlo- Abserbancs Hydrochloro~ Theore~ % of theo~
cehinzide at 273 un thiazide tical Yetical
.ontent in the cenient hydro=- content
‘igpe¢rsion (g ) chloro=-

thiazide

content

(mg)

0.281 5. 11 5.C0 102 .2
0,275 5,00 5.00 100,0
20 0.27% 5.0C 5.00 100,0
0,277 50 Ok 5.00 100,8
0-272 'J‘+.‘j5 5000 99.0
UIZ?E“ "{i'lr_".:'::‘. 5!00 9906
40 0.279 5«07 5.00 101.4
0.278 5405 500 101 .0
50 0,278 5405 5.00 101,0

0,278 De05 5.00 101.0

...................
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IN=-VITRC DISSOLUTITON RATE STUDIES OF THE POWDER

SAMPLES

APPARATUS

The dissolu:tion rate test methodology was

similar to that ‘escrived by Goldberg, et al,, (1965a}

plate 3:1. The basic paris of the apparatus

include

a) An adhesive t.ve (selotape) that holds the test
sample.

b) A rectangular frame, 7,0 ecm x 3.5 cm with a
handle 1,5 ¢ &t the top and a cross bar,
1.5 cm from tic top, for mounting the selotape.

c) A beaker modiiied teo contain a bracket to
position the lrance in contact with the
dissolution medium,

d) A plastic paddle wiich served as a stirrer and

attached to ¢ lrweka variable speed motor shaft.
The motor allow speeds to be varried between

25 r.p.m. :'l“»d 2{»'0 l‘cp.m

The 600 ml beaker and its contents was immersed

in a water bath maintzined at 37°C by means of a

thermostatically contrulled heater, fitted with a

stirrer. Enough time was allowed before the start of
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Plate 3,1 The tape method dissolution rate test apparatus



B4

of each dissolution tesct run to allow the
dissolution medium to attain normal (uniform) flow

pattern.
34542 METHOD

A piece of gelotnpe was Tastened to the frame
to provide an adhesive suriace for the test sample,
The test sample, equivalent to 10 mg of
hydrochlorothiazide, was weighed and sprayed on the
surface of the tape as a monolayer. This was

confirmed by means of a uagnifying glass,.

The frame and the sample was then positioned,
by means of the frame nolder, in the dissolution
medium, at a constant distance from the stiring
paddle. The dissolution medium was 400 ml distilled
water maintained af 57°C and stirred by a paddle at
a speed of 50 r.p.m. 5 ml aliquots were withdrawn
Irom the medium at times ranging from 0 min, to
90 min. filtered through a millipore filter of more
size 0.45 pm and quantitatively diluted with distillegd
water to 25 ml. The solution obtained was then
assayed spectrophotonetrically at 273 nm wavelength.
The amount of hydrochlorothiazide released was
calculated using the formula. of Wurster and
Taylor, (1965) which allows for correction for

previous samples removed,



A5

n=-1
Cn (meas,) + 5‘_25 Cs(meas )

e LCO
where Cn = Concentration of hydrochlorethiazide at the
nth sampling il previous samples were
not removed.
Cn (meas.,) = 7The spectrophotometric

concentration of hydrochlorothiazide
at the nth sampling
Cs(meas,) = TPrevious spectrophotometric
concentrations of
uydrochlorothiazide measured,
5 = Volume (ml) of sample removed from the
dissolution medium during each sampling

L4OO = Total volume of the dissolution medium,
For example:

To calculate tlie concentration of
hydrochlorothiazide (Cn) for the second sampling
(after 10 minutes) for the dissolution rate of pure
hydrochlorothiazide powder, Table 3.9.

Previous concentration of hydrochlorothiazide released

after 5 min: = (09 ng = ,001725 mg/ml
400 = 1,725 jug/ml

Spectrophotometric concentration of
hydrochlorothiazice released after 10 min. i.e. the

nth sampling

= 498 mg _ 002450 mg/ml
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Corrected (trus) cuncentration of

hydrochlorothiazide released (Cn) after 10 min,

= 2,450 + U X 1,725 pg/ml

.....

= 2.450 + ,022 pr/wl
= 2 - i+72 )J._';‘;;;’ﬂl

Amount of hydroculorothiazide released in 400 ml
of aissolution medium,

= 2,472 x 400 )p.

= 988,8 uz or 9cd8B mg.

Theoretical amount of hvdrochlorothiazide in test

sample = 10 mg.

Percentage of hydrochlerothiazide released into
solution at 10 nin,
= .98-8“& “ 'FIE.EJ_ }___

10 1
= 9-886 -.'u; == 9.9 &

The samples cestad were pure hydrochlorothiazide
powder and dispersioris 0i hydrochlorothiazide in
FVP 10,000, 44,000 and urea containing
hvdrochlorothiazide in an amount ranging from

10 to 50 % w/w.
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PROBLEMS ASSOCIA"™D WILF THL TAPE METHOD OF
DISSOLUTION RADS (5STTh(. sl THE PRECAUTIONARY

MLASURES NECES 3ARY

The test maierial analysed by the tape method
of dissolution r:ui. testing is frequently a
multiparticulate system which may consist of a
network of particlus { of varying sizes and shapes)
positioned by means of an adhesive surface, This
means that the el 'ctive surface of the particles
exposed to the dis+~oclution medium is reduced,
This may subsequenily lead to a decrease in the
dissolution rate ¢f the test material as indicated
by the Noyes=-Whitacy eqiztion shown below,

dc = KS (Cg-C)

dt

dec = dissolution rate of the test material

K = constant tiat pertains to the diffusion

characterist.cs of the test material,

S = surface ares ol ihe dissolving material
Cs = solubility of the dissolving material in the
medium,

C = Concentration of the dissolving material in

the medium al anytime, t.
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The Noyes--ihitncy equation operates on the film
theory of dissoluiiou wnich holds that each
dissolving particlz is surrounded by a thia film
of the dissclution wedium which is saturated by the
molecules of the discolving material and that the
rate of dissolutisn oi ilie particle depends on the
rate at which tne drug molecules diffuse from the
saturated thin fil.: inte the bulk of the dissclution
medium, Assuning ‘sink' conditions, where C is so
small compared to Cg that the quantity €s-C is equal
to Cs, it would be expecled that the drug molecules
from the thin fils difiuse freely into the bulk of
the medium because of the large concentration
gradient created helween them., Under these
conditions, it wonld follow from the Noyes=wWhitney
equation that tne discclution rate will be dependant
solely on the swi'f-ce nica of the particles exposed

to the medium.

Other major problemz that can lead to variation
in dissolution rcie dnin are the difficulty of
»epioducing the varticuvlate density (number of
particles per uriti srew of the adhesive surface) and
the geometrical pucitioning of the particles on the
adhesive surface, These become more serious when the
degree of assymetry of the particles is high. These

defects could also lezd to a reduction of the surface
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available te the dissolution medium with a

consequent decrzuse in the dissolution rate.

Despite the=e drgzwiocks, the validity of
dissolution rate cslta could be maintained if certain

precautions are taken wiich include:

1) Making sure that the length of the stir paddle
at least equzls the length of the adhesive

surface availasle for the test material

2) The stir padile ig positioned vertically in
such a way thot no gortion of the tape
(adhesive suri.ce) evtends beyond the length
of the paddle,

These will miuiuisce lue cffect of-density
variation and ;.omeiric assymetry of the particles.
3) The distance “etween the stir paddle and the

particles surt.ce bLe maintained during all the

runs of the discolution rate tests.

4) All aliquots withdrawn from the dissolution medium
are filtered tlirough 2 millipore filter paper to
avoid exapgseratrd digsclution rates arising
from particles which might be swept off from the
adhesive surface inco the medium during the

test.
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S D! HESULTS AND DISCUBSION

Tables 3.9 to 3,34 and Figures 3:7 to 3.12
show the results .or the cissolution rate test of
the various sanuics employed. Each absorbance
reading recorded ir =zn average of at least three
separate determiuvations,

atle 3:9 Dissolution ra.e tegt data for pure
hydrochlorothiazide in distilled water at 37°C.

......................

Tiwe Mean Amount of % hydrochloro-
‘inutesg) absorbance  nydrechloro- thiazide released
at 273 nmn thiszide
released

(mg/400 ml)

& 4 8 s.k.@ P L e

O 0,000 0,00 0.0

5 0.019 (.69 6.9
10 0.027 0,98 9.9
15 0,057 V2D 137
20 0.048 PN & 179
“0 0.066 2440 24,6
45 0.090 L W 33.6
60 0.113 L,11 42 .4
i, 0.133 4,84 50,2

2C 0.150 5elt5 56.9

...................




I

% veleage/

90+

201

0 10 20 30 L0 50 60 70 &0 90
Time (min )

FiG. 37 Dissolution profile of pure hydrochlorothiazide in distilled

water at 37° (C.
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Poble 3:10 Dissolution race test data for 10 %
hydrochlorothiazidef- FVP 10,000 physical
mixtures in distvilled water at 3700

Time Mean Awount of % hydrochloro-
{Linutes) absorbance  hydrochloro~ thiazide released
at 273 nin thiazlide
releosed
(my;/ 400 ml)

O 0,000 .00 0.0

5 0,147 5435 535
10 0.189 6,87 69.4
15 0,208 7456 77 .1
20 0,219 7,96 82.1
50 0.235 8,55 89.0
45 0.24L6 5495 94.0
GO 0.255 9427 98,4
75 0.253 9.38 100.6

20 0.255 9427 100.7
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Wimne
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Dissolution 1.
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test data for 10 %

ide « PVP 10,000 coprecipitates
tar at 37°C

-------- -

Mean Lwount of % hydrochloro=-
absorbance hydrochloro- thiazide released
at 273 m tlilazide
rclensed
(mg/400 ml)
0,000 0.00 0,0
0,264 00 96.0
0.267 D¢ 71 °8, >
0.265 e 64 98.8
0,263 9,56 99,2
0.260 46 99 .4
0.258 )¢ 38 99.8
0.255 D27 99.9
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Yoble 3:12 Dissoliution iuie test data for 10 %
hydrochlorcir azide « FVP 44,000 physical
rixtures in ci=stilicd water at 3?°C

_ Time Mean Amount of % hydrochloro=
(mimites) absorbance  hydrochloro- thiazide released
at 273 na thiazide
relecased
{mg/400 ml)
0 0,000 0,00 0.0
2 0,107 3«89 8.9
10 0,145 527 53.2
15 0,169 6e15 62 .6
20 0.186 6476 69.5
20 0.211 767 7945
b5 0.239 8.69 0.6
£.U 0.250 ?009 95-7
75 0.259 942 100,1
95 0,259 9ela2 101.3
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Tabie %:13 Dissolution rate test data for 10 %
hydrochlorothiazide « PVP 44,000
coprecipitates in digtilled water at 37%¢

[P B Y T T

JTime Mean Amount of % hydrochloro=-
iminutes) absorbarce hydrochlo- thiazide releacged
at 273 nm rothiazide
released
{mg/ 400 ml)
0 0,000 c,00 0.0
5 0,205 7o lt5 74.5
10 0.238 8,65 87.4
15 0,248 9,02 g2,.2
i 0.251 Ge13 Wi 4
350 0.256 G 21 97.4
60 0,257 e 35 100.1
75 0.254 Qe2h 100.2

90 - - -
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Table 3:14 Dissolution rate test data for 10 %
hydrochloroiniszide «~woea coprecipitates in
distilled waior ot 5700

- - I T T S S TR S A -—

Time Mean Amount of % hydrochlorn-
(winutes) absorbarce  hydrochlore- thiazide releascd
at 273 nm thiszide
released

(mg/H00 ml)

0 0,000 G400 0.0

5 0,132 4,80 48,0
10 0,165 6,00 60.6
15 0,186 6,76 A9,0
Z0 0,203 7438 76,0
56 0,230 8.36 86.7
45 0.245 8,91 93.3
60 0.257 9:25 98.8
75 0.261 9,49 1003

90 0,259 .42 101.8




A L i 1 1 L 1 . J

0 10 20 20 0 50 60 70 80 90

Time (min.)

FIG. 38 Dissolution profiles of pure hydrochlorothiazide (x) 10°% hydro-
chlorothiazide - urea coprecipitate ( &), 10°% hydrochlorothiazide -
polyvinylpyrrolidone 10,000 coprecipitate (©); physical mix -
ture (o) ; 10°% hydrochlorothiazide - polyvinylpyrrolidone
44,000 coprecipitate (®) and physical mixture (®») in distilled

water at 37° C.
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Table 3:15 Dissolution rete ilest data for 20 %
hydrochlorothiczide -~ PVP 10,000 physical
mixtures in Gistililed water at 37°C

AR R I L L L I T

Time Mean Amount of % hydrochloro-
{ainutes) absorbance  rnydrochloro- thiazide released
at 273 nn thiazide
released

(mg /400 ml)

R P A S  E

0 0.000 0,00 0.0
5 | 0.124 4o 51 45 .1
10 0.163 593 59.9
15 0.186 6,76 68.9
20 0.200 7427 74.8
30 0.22% 8411 84,2
45 0.245 8,91 93.2
60 0.257 235 98.7
75 0.257 G35 99.9

90 0.254 Ge2h 99.9
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M ule 3116 Dissolution rate test data, for 20 %
hydrochlorol: inzide - I'VP 10,000
eccprecipitates in distilled water at 370C

Time Mean Anount of % hydrochloro=-
vinutes) absorbance hydrochloro- thiazide released
at 273 tiiianzide
released
(5.1{:/400 ml)
U 0,000 C,00 2,0
a s 269 ’) . ?"‘»’ 9708
19 0-26& 9 . :7 99 . 1
R4S, 0,263 De 56 99.3
plE 0.260 9,46 99 .4
: () 00258 (.]Q.:’t:’ 99 -8
0025{-‘ .Z-I0:I’1 1OOI3
{67 - - -
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Table 3:17 Dissolution rate it=st data for 20 %

hydrochlorot iuzide - PVP 44,000 physical
mixtures in distilled water at 570C

.......................

Time Mean Amount of % hydrochloro-
(ianutes) absorbance  hydrochloro- thiazide released
at 273 thiazide
released

(me/400 ml)

R R E B L B e e ——————— W % & B L L 4w ow s oa

0 0,000 0,00 0.0

5 0.121 4440 44,0

£ 0.156 5.67 573
15 0,183 £.65 67.8
20 0.198 7620 741
30 0.221 & e Uk 83.4
"G 0,243 [ o B3k 92.4
0.256 231 98.2

12 0.255 0427 99.0

20 0,252 9716 99.0

..................
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ratle 3%:18 Ubissolution rate te2st data for 20 %
hydrochloro*i.i=zide = FVF 44,000
coprecipitates in distilled water at

37°C
‘Tiue Mean Amount of % hydrochloro-
(admstes) absorbance  :yurochloro- thiazide released
at 273 nm thiazide
released
(mg, /400 ml)
@] 0,000 0,00 0.0
5 0,210 7 « 64 76.4
10 0.268 S:+75 98.5
15 00265 9‘6'14 98-6
20 0,263 9456 99.0
20 0,262 953 99.9
*5 04261 949 100.7
ou 0.259 Jehi2 101.2
75 0.257 Fe3 101.6
S0 0.254 el 101.7

bk 5
N
o0
C

[§=N
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Tekle %:19 Dissolution rete test data for 20 %
hydrochlorothiszide ~ urea copreciplitates
in distilled woter st 37°C

L e R SRR S I T e R e I T T

Time Mean Amnount of % h'ydrochloro-
(mivutes) absorbance I.vdrochloro- thiazide released
at 273 nm thigzide
released

(mg/400 ml}

LI ER W A [T N R A R NS

0 0,000 G, 00 0.0
5 0.072 2.62 2642
10 0,108 5.93 39.6
15 0.130 S T 48.1
20 0.150 el 35 .9
30 0,180 64155 67,6
45 0.214 7.78 80.7
60 0.235 8451 89,0
75 0.251 Y13 96,2

20 0.259 9,4z 100,3




704

604

504

401

301

Time ( min )

L6 39 Dissolution profiles pure hydrochlorothiazide (x),20°% hydrochloro-

thiazide - urea coprecipitate (4 ), 20% hydrochlorothiazide - polyvinyl
pyrroldone 10,000 coprecipitate (@) ; phyical mixture (@) /
20°%. hydrochlorothiazide - polyvinylpyrroldone 44,000 coprecipitate
(e) and physical mixture (®) in distilled water at 37° C.
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“alle 3:20 Dissolution rate test data for 30 %

hydrochloroiiiazide - FVP 10,000 physical
mixtures in distilled water at 37°C

B B T I T S S

Mean Amount of % hydrochloro=

Wd e
(iinutes) absorbance s .drochloro~ thiazide released
at 273 nin thiazide
released

(mg /400 ml)

0 0,000 04,00 0,0
5 0.109 3496 39.6
10 0.146 5¢31 53.6
15 0.180 6,55 66,6
20 0.211 7.67 78.7
0 0,227 Be2D 85.4
05 0.246 8495 93.5
© 0.254 Ve2h 97.5
IS 0.255 A2 95.0

00,254 224 95.8

LI B B T N S R B
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Table 3;21 Dissolution rais test data for 30 %
hydrocinlorotiizzide ~ VP 10,000 coprecipitates
in distilled water at 37°C

[ R R S PO I T R S L L

Time Mean Avicunt of % hydrochloro-
(minutes) absorbance  h drochloro~ thiazide released
at 273 nm thiazide
released

(rag /400 ml)

0 0,000 0,00 0,0
5 0,231 840 84,0
10 0.260 9,45 . 95,6
15 0.266 9.67 98.9
20 0.265 9.64 99.8
30 - 0.263 9.56 100.2
45 0,262 - 9,53 101 .1
60 0.260 9.46 101.6
75 0.259 Sa34 101.6

30 0.254 o bt - 101,8
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Tonile 3:22 Dissolution rate test data for 30 %
hydrochlorotiiazide ~ FVP 44,000 physical
mixtures in “istilled water at 37°C

-----------

........

Time Mean Arxount of % hydrochloro=-
(minutes) absorbance hydrochloro- thiazide released
at 273 nm thiazide
relcased
(mg/ 400 ml)

0 0,000 V.00 0.0
o 0,106 3.85 38.5
10 0. 144 5 b 52.9
15 0.176 64,40 65.1
20 0.198 7420 7349
50 0,220 ¢,00 82.8
a5 0,242 £480 91.8
.0 0.253 9.20 96.9
75 0,253 9420 98;1

50 0.252 9,16 98.8

...........
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Table 3:2% Dissolution rate test data for 30 %
hydrochlorothiazide = PVP 44,000 coprecipitates
in distilled water at 37°C

Time Mean Amount of % hydrochlorn-
(minutes) absorbance hydrochloro~ thiazide released
at 273 nm thiazide
relessed

(mg /400 ml)

"2 a8 T

0 0.000 0,00 0.0

5 0.159 5.78 57 .8
10 0,227 Je25 83.2
15 0.244 8,87 90,5
20 0.248 9,02 93.1
50 0.250 .09 94.9
&5 0.255 9427 c7.8
€0 0.256 9431 99.4
75 0.255 9.27 100.1

90 0.254 9.24 100,0

----------------------




’acle 3:24 Disscolution rate

Tine

(minutes)

Mean

absorbance

at 273

.......

Amount of
hydrochloroe
thiazide
released

{my /400 ml)

nm

.......

R T I

test, for 30 %
hydrochlerot.:iavicde = ureacoprecipitates in
distilled water at 37°C

..

Us00
2 laly
371
4455
5016
6433
7456
£.18
8,80
9424

% hydrochloro-
thiazide released

0.0
24 .4
37.4
46,3
5249
65.3
78 .4
85.5
92.7
98.2




.‘. releaged
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90-
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604

501

401

301
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FIG- 3:1

10 20 X 40 50 60 0 80 90

Time (min.)

Dissolution profiles of pure hydrochlorothiazide (x); 30% hydro-
chlorothiazide - urea coprecipitate (4); 30°% hydrochlorothiazide-
polyvinylpyrrolide 10.000 coprecipitate (o ); physical mixture
() 30°% hydrochlorothiazide - polyvinylpyrrolidone 44,000
coprecipitate (®)-and physical mixture (®) in distilled water
at 37° C.
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Tanle 3:25 Dissolution rate L:ost data for 40 %
hydrochlorotiiinzice « PVP 10,000 physical
mixtures in distilled water at 37°C

L T PP R - % * mea .

Yiwe Mean Amount of % Hydrochloro=-
{minuvtes) absorbance hydrochlorn- thiazide released
at 273 nu thieszide
released

(me/400 ml)

D — R R o T S

0 0.000 0.00 0.0

5 0.096 3,49 34.9
10 0.128 4,65 47.0
15 0.159 5,78 58.8
20 0.178 6447 66.4
30 0.208 7.56 78.1
45 0.236 2,58 89.3
GO 0,248 9,02 94,8
75 0.256 9431 98.8

Q0 0,254 Ge24 99.3

-----------------
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Takle 3:26 Dissolution rate tcst data for 40 %
hydrochlorothiazice - FVP 10,000
coprecipitates in distilled water at 37°C

Time Mean Amount of % hydrochlorn-
(ninutes) absorbance hydrochloro= thiazide released
at 273 nn thiazide
released

(mg/400 ml)

TR R

0 0.000 0,00 0.0
5 0,195 7.09 70.9
10 04251 9413 92,2
15 0.257 9+35 95.5
20 0,261 9.49 98.1
50 0.263 © 9.56 100,0
&5 0,262 S453 100.8
50 0.259 9.42 101,0
75 0.256 9.31 101.0

g0 0,252 9_.16 100.7

“a rr t.mm P T
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Table 3:27 Dissolution rate test data for 40 %

hydrochlorothiazice .- PVP 44,000 physical
mixtures in distilled water at 5?°C

R e e e ——————————————— i % % & 8 s = a4 4 4 P -

Tiwe Mean Amount of % hydrochloro-
(rinutes) absorbance lydrochloro.- thiazide released
at 273 nm thiazide
released

{mg 400 ml)

PR S . R

¥ 0,000 0,00 0.0
) 0.085 3.09 30.9
10 0,126 4,58 46.2
19 0,156 5.67 57.7
20 0.173 6.29 64 .6
30 0,201 731 75.6
5 0.231 5440 87 .4
£0 0,246 8.95 93.9
75 0.252 Q.16 $8.3

20 O¢250 90(’9 98.7

-----------------




113

Table %:28 Dissolution rate test data for 40 %

Time

(minutes)

L R R

hydrochlorothiszide - PVP 44,000
coprecipitates in distiled water at 37°%

Mean Amount of

absorbance Hydrochloro=

at 273 nm thiazide
released

-------

0.000
0,154
0.216
0.228
0,237
0.246
0,250
0.253
0.250
0,247

{mg /400 ml)

% hydrochloro=-
thiazide released

0.0
56.0
79.2
84,6
88.9
93.3
95.8
98.1
98,1
98.1
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Table 3%:29 Dissolution rate test data for 40 %
hydrochlorot!..azide = urea coprecipitates in
distilled water at 37°C

Time Mean Amount of % hydrochloro=-
(minutes) absorbance hydrochloro- thiazide released
at 273 nm thiazide
released

(mg/400 ml)

o) 0.000 0,00 0.0
5 | 0.057 2407 20.7
10 0.093 3438 3441
15 0.120 4436 Lb 3
20 0.136 4eG5 50.7
o0 0,168 6411 63,0
"D 0,200 727 7543
60 0,220 8,00 83.5
5 0.238 8465 91.0

g" 012'{#6 &5-'35 95 t?

R e e e ————— ® % % & & & w e & o
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£1G._3:11 Dissolution profiles of pure hydrochlorothiazide (x), 40%
hydrochlorothiazide - urea coprecipitate (&) 40°% hydrochloro-
thiazide - polyvinyipyrrolidone 10,000 coprecipitate (o),
physical mixture (®); 40°% hydrochlorothiazide - polyvi -
nylpyrrolidone 44. 000 coprecipitate (o)

and physical mixture (=) in distilled water at 37° C.
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rate test data for 50 %

hydrochlorothiazide - PVP 10,000 physica.
mixtures in distilled water at 37°C

------------

Time Mean Amount of
(minutes) absorbance  hydrochloro-
at 273 nn thiazide
3 released
(mg/400 ml)
U 0,000 0.0
5 0,089 3.24
10 0,125 5455
15 0,145 b PO 4
20 D157 5,71
20 0.180 5. 55
45 0,208 7:56
HO 0,220 8,00
75 0,230 B436
20, 0.233 BT

PO SRR

% hydrochloro=-
thiazide released

0.0
32.4
45.9
53.7
58,7
67.8
78.8
84,1
88,7
89.8
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Table 3:31 Dissolution rate test data for 50 %
hydrochlorcthiazide = PVP 1C,000
coprecipitates in distilled water at 370C

....................

Tine Mean Amount of % hydrochloro-
(minutes) absorbance hydrochloro~ thiazide released
at 273 nm thiazide
released

(mg/400 ml)

O e R e

0 0.000 0,00 0.0

5 0.139 5.05 50.5
10 0.178 Cols7 65.3
15 0,197 716 73.0
20 0,208 7456 77.9
30 0,223 8,11 B4,k
"5 0,234 8431 89.4
60 0,243 €484 93.8
75 0.250 909 97.4

20 0.254 9¢24 100,0




118

wable 3332 Dissolution rate test data for 50 %

hydrochlorotniazice = PVP 44,000 physical
mixtures in distilled water at 3700

R

Time

(minutes)

Mean

.............

Amount of

absorbance hydrochloro=
at 273 nm thiazide

released
(mg /400 ml)

% hydrochloro-
thiazide released

.......

0.000
0,077
C.111
0,127
0.141
0,162
0.181
0,195
0,205
0,211

P e L B

0,00
2,80
e
4,62
5013
5.89
6,58
7.09
7e45
767

0.0
28.0
40,8
47.1
52,7
61.0
68471
The5
79.0
82.0
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Table %:33 Dissolution rate test data for 50 %
Hydrochlorothiazide - PVP 44,000
coprecipitaiez in distilled water at

37°%
Time Mean Amount of % hydrochloro-
(minutes) absorbance hydrochloro- thiazide released
at 273 nn thiazide
released
(mg/400 ml)
G 0.000 0,00 0,0
9 0,083 3402 30,2
10 Q117 4425 42 .9
15 0.143 5.20 52.9
20 0,156 507 58,3
30 QATT 6,44 66,7
L5 0,202 7:35 76.6
oo 0217 7.89 82.9
19 0,227 8,25 87.5

90 0,236 8458 91.0

------- L il L
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Table 3:34 Dissolution rate test data for 50 %

L

~ Time
(winutes)

Mean

absorbance
at 273 nm

10

15

. s e -

0.000
0,032
0.055
0,073
0.089
0,120
0.153
0.180
0,202
0.218

------

. e -

N'ydrochlorothiszide - urea coprecipitates in
distilled water at 37°C

Amount of
hydirochloro=-
thiazide
released
(mg/400 ml)

% hydrochloro-
thiazide released

116
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EIG. 312 Dissolution profile of pure hydrochlorothiazide (x), 50% hydro-
chlorothiazide - urea coprecipitate (a);50% hydrochlorothiazide -
polyvinylpyrrolidone 10.000 coprecipitate (©), physical mixture (@)
50° hydrochloro!hiozide - polyvinylpyrrolidone 4L4.000 coprecipitate
(o) and physical mixture () in disfilled water at K 3 i
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’
of hydrochlorothiazide to go into solution
from it's dispersions with urea

Teo (min) T (min) Tgo (min)

Dispersion
10 % Coprecipitate 10,0 19.3 38,0
20 % Coprecipitate 23,8 39.0 62,5
30 % Coprecipitate 26,0 41.0 70.0
40 % Coprecipitate 275 L4h 5 35

50 % Coprecipitate 49,5 72.5 above 90



90+ ;
/
80 -
o 8
60 -
w-
A
40
<
E
- 01
-
£
204
104
o 1 A " 3 3
10 20 30 40 50

% ("/w) of hydroch.'ororhiazidc in coprecipitate

60°%  75% and 90% ( Tsp, T75.Tg0)
from hydro-

FIG 313 Times required for
of hydrochlorothiazide to go into solution
chlorothiazide - urea coprecipitates  of various compositions.

A-Tgp, B-Tys: C-Tgo
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Table 3:36 Times taken Tor GO %, 75 %, S0 % (T6O' Tog: TQO)
of hydrochlorothiazide to go inte solution

------

20 %

30 %

from it's dispersions with PVP 10,000

Coprecipitate
Physical - mixture
Coprecipitate
Physical -~ mixture
Coprecipitate
Fhysical mixture
Coprecipitate
Physical mixture
Coprecipitate

Physical mixture

------------

- A E A e e tee

4,0
13.8
4,0
20.5
4.5
18,5
6.0
273
17.0
39.8

4,8
33,0
Li5
40,0
7e5
38.0
9.5
47,5
47.0
50,0




Time ( min)

125

204
60
50+
C
40 -
30-
20 +
;B
10+ . / , A
[ 10 20 30- 40 50
‘l.(""’/W ) of hydrochlorethiczide = coprecipilcte

Times requirec for 60%,75% an2 90% (Tgp, Tos, Too) OF
hydrochiorothiazide to go into solution frem hydroch -
lorothiazide - polyvinylpyrrolidone 10-CUC coprecipitates
of vcrious compositions.

A-Tgp; B-Tps; C-Tgp-



126

Table 3:37 Times taken for 60 %, 75 %, 90 % (TGO, T75, Tgo)
of hydrochlorothiazide to go into solution
from it's disversions with PVP 44,000

L R L

Dispersion T60 (min) 775 (min) T90 (min)

10 % Coprecipitate 363 4,0 4.8
Physical mixture 137 25,5 44,0

20 % Coprecipitate 3.0 5.0 8,0
Physical mixture 15 21.5 41,5

30 % Coprecipitate - 845 14,5
Physical mixture 13,0 21,5 b2.5

40 % Coprecipitate 6.0 9.1 22.5
Physical mixture 16.8 29,5 52,0

50 % Coprecipitate 22,5 43,0 86,0

Physical mixture 29.0 61.5 above 90

e i Al




90+

60

Time ( min.)

30 1

10 \

0 L n Il i 1
10 20 30 40 50

EIG. 315 % (%, ) of hydrochlorothiazide in coprecipitate.

Times required for 60%,75% and S0% ( Tgp, Tys, Tgp ) of
hydrochlorothiazide to go into solution from hydrochloro -
thiazide - polyvinylpyrrolidone 44.000 coprecipitates of

various compositions.

- . Tso, B‘T753 C-TQO .
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DISCULSION

The results show that the dissolution rates of
liydrochlorothiazide from its coprecipitates with BVP
10,000 and 44,000 were superior to the physical mixtures
of corresponding compositions. Further, with both the
coprecipitates and the physical mixtures, PVP 10,000 was
superior to PVP 44,000 in enhancing the dissolution rate

of hydrochlorothiazide,

Dissolution rate increase from the physical mixtures
over that of the pure drug may be explained by the local
colubiliztaion effect of PVP at the microenvironment of the
¢rug particle, Theoretically, it may not be expected that
Lhe physical mixtu}e (where drug and carricr exisgst independently)
shiow a dissolution rate superior to the pure drug alone as
the two components are exvected to dissolve independently,
Jowcver, a possible explanation to the, contrasting observation
ic that the PVP dissolves quickly in the aqueous dissolution
wedium, attaining a very high microenvironment concentration
in the mixed diffusion laycrs of both components. That is
to say that the diffusion layers of hydrochlorothiazide and
the carriers overlapped, This may result in increased
solubility of hydrocalorothiazide in the diffusion layer with
a consequent increase in dissolution rate. This is further
attested by increases in the aqueous solubility of

3 —~

..,-vc~hlorothiazide in the presence of the carriers.
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The effectiveness of FVP in enhancing the dissolution
rafe of poorly water soluble drusgs has been found to be
dependant on the average myiecular weight or the chain length
of the polymer, Simonelli, ¢t al., (1969),

Corrigan, et al., (1976) and Kassem, et al., (1982) have
reported that smaller molecular weight PVP is superior to
those of higher molecular welghts in enhancing the
digsolutiion rates of sulfsthiazole and hydrochlorothiazidew
Similar observations have been made in this study with

FVP 10,000 which was founi to be superior toPVP 44,000 i
incregsing the dissolution rate of hydrochlorothiazide,
ilowever, Deshpande and Agrawal, (1984) have found PVP 44,000
" to be better than PVP 10,000 in increasing the dissolution
'rate of chlorpropamide, From these results, it may be
inferred that the effectiveness of PVP polymers in enhancing
the dissolution rates of poorly sgoluble drugs might not only
‘be dependant on the averase molecular weight of the polymer,

~but glso on the chemical nature o, the drug. .

Coprecipitation of poorly soluble drugs have been found
o generally increase their solubility and dissclution rate
(Mayersohn and Gibaldi, 1966; Bates, 19693
Gimonelli, et al., 1969 and also their absorption rate
(Gilaldi, e% al., 1968; Stupak and Bates, 1972). Such
increases have variously boen attributed to the existence of
either a eutectic mixture, colloidal dispersion, melecular i

complexations, solid and glass sclutionsg of the drug in carrier

|
|l
'
|
i
]
i
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or any two or more of them existing simultaneously. A
phase diagram could not Le constructed for
hydrochlorothiazide = PVP systems investigated (due to
limited facilities), howevcr, the infrared spectra of
these systems (Fig. 3.2 to 3.4) did not indicate any
possibility of complex formation or solid-solid interaction
netween the two componenis, This is based on the fact that
cae major peaks of hydrocnlorotriazide (Fig. 3.2) and

FVP (Fig. ?-3), particularly those between frequencies
5600 and 1300 cm™!, did not shift or disappear due to

coprecipitation as evident in Fig. 3.4,

It is implicative, therefore, that the increased
dissolution rates observzd with hydrochlorothiazide - PVP
ceoprecipitates may be due to particle size reduction or even
ihie existence of hydrociiiorothiazide in a thermodynamically
unstal.le amorphous form, which usually have a higher
s0lubility than the crystalline form. Similar explanations
have been given for increases in the dissolution rates of
sulfathiazole (Simonelli, et al., 1969; 19706),
hydroflumethiazide (Corrigan and Timoney, 1975) and
hydrochlorothiazide (Bloch, et al., 1982). All these changes
are precluded in physical mixtures and as such the
superiority of hydrochlorothiazide dissolution rate from

coprecipitates compared to the physical mixtures is expected,
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The results further revealed that the dissolution rates
of hydrochlorothiazide fiem PVP coprecipitates increased
with increasing compogition of PVP in the dispersion up to
80 % w/w, above which a sliszht decrease was obgserved
I(Fig. 3,14 and 3.15). It could be envisaged that at high
PVP weight fraction, the hydrochleorothiazide is completely
embeded in the PVP matrix or may exist on the extermnal
surface at low PVP weight fractions. Considering factors
related to solubility and diffusibility, the carrier is
believed to dissolve gquickly releasing the drug into
solution, However, at low PVP weight fractions, it may
become less availabhle for the drug molecules and a layer of
the pure drug at the external surface becomes increasingly
a controlling factor for the dissclution rate. Further at
"high PVP weight fractions (above 80 %), the drug is
completely embeded in the carrier in such a way that the
diffusion front of hydrocnhliorothiazide, compared tc that of
PVP, is slightly distant from the solvent. This may mean
that the rate at which hydyochlorethiazide is released into
~wolution is dependant on the rate at which the PVP goes into
solution, Although PYP ic readily soluble in water, a slight
decrease in the dissoluiion rate of hydrochlorothiazide would
5till be expected., Similar explanations were held for
suliathiazide -~ PVP dispersed systems (Simonelli, et al., 1969).
~ This is in agreement with the diffusional model earlier

proposed by Higuchi, (1967), 7The dissolution rates of
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hyarochlorothiazide from its coprecipitates with urea,
thoupgh lower than from the FVP coprecipitates, were superior
to the pure drug alone, £l-Banna, et al., (1980) have
constructed a phase diagranr for the hydrochlorothiazide-urea
#yctem, They proposed eutectic formation containing 20

and 37 % w/w, and solid sclution containing 10 and 90 % w/w
of hydrochlorothiazide in the dispersion., They also proposed
wolecular complexation having nolecular ratios of 10:1

and 5:1 with respect to the carrier and drug. However,

the infrared spectra for 30 % hydrochlorothiazide=-urea
system (Fig. 3.2, 3.5 and 3.6) precluded reasonable
50lide~golid interaction between the two components. On
these basis, increased dissolution rate of
hydrochlorothiazide may be attributed to particle size
recuction through eutectic formation, solid solution
formation which is evident from the marked differences in
ithe TGO %, T75 % and T90 o values of 10 %
avdrochlorothiazide-urea dispersions compared to 20, 30 and
40 % dispersions where there was no significant change in
these parameters (Fig. 3.13;, coupled with the
solubilization effect of urea at the microenvironment of
hydrochlorothiazide particles, These factors increased

the surface area exposed to the medium with better wetting
and @ consequent increase in solubility. Reduction in
electrostatic attractive forces between the drug molecules

moy 2lso be a contributoery factor,
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The superiorlity of PVF to urea in increasing the
dissolution rate of hydrochlorothiazide may be due to
differences in the nature in which hydrochlorothiazide
exist in the diffcrent carriers, Similar
explanations were given foi solid dispersions of
acetohexamide and spironolactone in various water
soluble polymers {(Kassem, et al., 1982 a, b). The
ability of PVP to prevent nucleation and crystal

growth could be of added advantage over urea,

The wvarigbility in the TGO %* T75 % and T90 % |
values observed with the urea ooprecipitates may be B
a measure of the degree of variability in the native:
in whi.ch hydrechlorothiazide exist in this |
carrief. Similarly the almost.constant values for
these pérameters for the PVP coprecipitates (containing
10 - 30 % w/w hydrochlorothiazide) may suggest the

existence of the dru~ in the same form over these

concentration range, Thesc agree very well with the
findings of El-Banna, et al., (1980) for |
hydroahlorothiazide~ures system and the proposal that
the amorphous form of the drug may be responsible for
Increased disgclution rates from the coprecipitates

with PVP,

- Based on these findings, one may conclude that
PVYP, particularly the swmaller molecular weight polymer,
{(PVP 10,000) offers thc best approach to improving
the solubility and dissolution rate of poorly soluble

drugs,
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CHAPTER FCOUR

FORAULATICN STUDIES

INTRODUCTION

Tablets have been defined by the USP XIX, (1975)
as "solid dosage forts containing medicinal
substances with or without suitable diluents which

may be prepared by coppression or moulding', .

Tablets, as solid dosage forms have been in use
for a very long tlLue and have increasingly gained
more popularity over other dosage forms. Furthermore,
a lot of research have been concluded on how to
improve the technicue of (lieir production and also
obviate the problens associated with their designg
with a view to a lLetter utilization and effectiveness
of the medicament, "¢ stringent formulation
requirements of mccot wodern medicaments, the many
advantages of tablet medication coupled with the
economy associated . ith it's large-scale manufacture
have led to a dcci:ase in the prescribing of other
dosage forms such as pills, powders, cachets and
granules, Some oilicr advantages associated with tablet
medication include, accuincy of dosage, physical
stability, chemical stability and retention of optimal
physiological activity over extended storage periods

and the ease and convenicnce of administration,
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It is well lmiowm thint the way a tablet is
formulated may a?loct the biological availability of
the medicament coiitainea there in, This makes it
mandatory for the .sawiincturers to achieve a good
balance between tiic factors that are necessary to
produce an elegaui tablet and those that affect the
effective utilizat.on of the medicamenti For good
quality tablets to bLe obtained after compression, the
material must posscss sowe basic characteristics; one
of which is fluidity; (the ability of the material
to flow freely) 1lescl. of which may cause serious
quality deficiemcics in the tablet such as excessive
weight variation zid non uniformity in the tablet
contents. Thesz .uy result into inconsistent doses
of the medicament, ‘{l.e thickness and hardness of the
tablets so produccd iy elso be varied, The other is
compressibility, w .ich is the property of forming a
stable solid mass suen uressure is applied. The
therapeutic dose of ..cst modern medicaments is low and
as such are not s.zrwle enough to be compressed alcone,
This coupled witih “.c fact that the material
(medicament) may t-ve limited compressibility and the
limitations of availabile equipment, makes it
apparently inevitab.co to include 'additives' in tablet
formulae. This step is particularly necessary when
the tablets are expected to meet standards as regards

disintegration, dissolui.on rate, friability and other
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physical tests. uUilking agents are sometimes added
to incrense the volume and weight of the material to
a practically comnessiblce amount, Some bulking
agents way also ivprove rlow c‘!xnr.;zctntristics and
compressibility., 'Tiec need for lubricants, glidants
and antiadherents in promoting powder flow and
minimizing various frictional forces between the
compressed tablet, punches and die wall cannot be
overemphasised, It is sowetimes essential to use
binders to 'glue' the powders together into granules
or a stable solid tabLlet mass. The binder adds to
the cohesive strenpth between them thus making
compression easiecr :nd more effective., Binders may
be used either as = dry powder or & - solution,
¥hichever method is used in incorporating it, the
quantity must be carefully adjusted so as to produce
tablets that will disinteprate and dissolve to release
the active ingredicatl uvren swallowed, The choice of
the binding agent may alco rest on its compatibility
with the drug and ctier ingredients and the binding
force required, Iua order for the drug to be released
rapidly from the tallct, it is essential that it
breaks down (disintegrates) rapidly after
administration, This desirable characteristic has
often been achieved by the addition of disintegrating

agents to tablet Tormilze,
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The techniguz for preparing tablets may
follow one or a comhination of several e¢stablished

methods (Gunsel un! Kenis, 1970), These include:
(1) ry methods

(a) Direct Compression

(b) Granulation v compression

(2) wet methods

(a) Wet granulation

(b) Special procecdures

The materials cmployved in this work include
coprecipitates of o poorly soluble drug with readily
soluble carriers, It is therefore supposed that the
use of 'wet' graunul.tion method could cause
solubilization oi the drmge—carrier system prior to
the tests thus invalidating the dissolution rate
data. The direcl coupression method was therefore
adopted, Additionnlly, il is expected that with the
direct compression mcthod, the availability of the
drug for absorption wvill be good due to the absence of
adhesive granulativ;, asgovnts and morever the elimination
of the moistening auna drying stages will obviate many
stability problems asgocizted with the wet granulation

process.,
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THE DIRECT=COMP.i4351ULE VERICLE; MICROCRYSTALLINE
CELLULOSE

This was supviied by the kind courtesy of
Medac Nig. Ltd.

Microcrystalline cellulose is derived from a
special grade of purified alpha wood cellulose by

acid hydrolysis to remove the amorphous cellulose

portions, yieldin; needie-like microcrystalline
particles, It is a hipghly compressible material that
produces hard tabilets which nevertheless

disintegrate rapidly in aqueous media due to swelling
of the particles, . dditionally, micresrystalline
cellulose improves trne flowability and compressibility

of other materials in the tablet formular.

WORKING FORMULA Ary CALCULATIONS

The pure hydrcecuolorotliiazide and the 30 %
dispersions (coprecivitates) of hydrochlorothiazide
in urea and PVP 10,000 were used for tablet formulation,
Each tablet was formmulated to contain 50 mg of
hydrochlorothiazide, Polyvinylpyrrolidone 10,000
and microcrystall:’fi'\l::':r‘:m added as bulking agents
while maize starch served as the disintegrant.
Infact these three substances could also act as dry

binders. To improve the flow characteristics of the

powder, magnesiuii :lezrale was added.
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Calculations: for 50 % coprecipitates.

30 mg of hydrochlorothiazide is contained in

100 mg of coprecivitatle.

Therefore 50 mg oF h;druchlorothiazide will be
contained in 100 x 5C mg of coprecipitate
30
= 166,06 mge
Therefore each tablet contained 166.6 mg of the
coprecipitate of hydrochlorothiazide with either’

urea or PVP 10,000,

Table 431 Working formula for tablet manufacture employing

.......

pure hydrochlorothiazide

Quantities for % of total

subsgtance One tablet 200 tablets weight
.‘yarochloro=

thiazide 50,0 mg 10,0 g 10.0
PYE 10,000 272.6 ug 54,5 g 54,5
nicro=

crystalline 150,00 mg 30,0 g 30,0
cellulose

lraize starch 25,0 ug 5.0 g 5.0
Magnesium

S'L(Jarate 2.5 mes Ol5 24 005

Total

-

500,1 mg 100,0 g 100.0

P B o R
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Teble 4:2 working formils for tablet manufacture employing
coprecipitates of hydrochlorothiazide with either
urea or PVP 10,000

'l
T

Quaﬁ%ities f.

_ )

fubstance one teplet - 200 tablets % of Total
weight

Coprecipitate 166,56 ng 33.3 g 3313

EVP 10,000 156,0 mg 31.2 g 31.2

iticrocrystalline

cellulose 150,0 mg 30.0 g 30,0

laize starch 25,0 mg 5.0 g 5.8

Magnesium stearate 245 mg 0.5 g 0.5

Total 500,1 mg  100,0 g 100,0

L A T A e e e ek

rat,
:

e following equipment was used for the productien and

westing of physical characteristics of the tablets.
1; Siﬂéle punch tabletting machine; - Erweka type Eko N.r
10008, West German

2, lilcrometer screw gauge:~ loore and Wright, Sheffield
England

Je Friabilagtor: Hoffman - La Roche, Switzerland
4, Hardness tester:- Stokes~Monsanto, Pennwalt, New York.
5. DLilgintegration tester:- Erweka, West Germany

6. Disgolution rate tester:= FErweka type DT Nr. 43091,

West Germany,
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METHOD OF TABLET rURMULATLION

The coprecipitates were powdered by means of a
glass pestle and moviqrand sieved. Particles of
sizes between 90 p and 106 u were collected and used
for the preparation of tablets, Adequate guantities
of the ingredients ior formulating 200 tablets
(tables 4:1 and 4:2) were accurately weighed and mixed
thoroughly in a cube mixer, The uniformly blended
powder mixture was then compressed by means of a
single punch Erweka tabletting machine, The
compression was carried out manually, Tablets with
weights of about 500 mg each and containing an
equivalent amont of 50 mg hydrochnlorothiazide were

produced,

The hydrochlorothilacide was already in a fine
powder form and therefore sieving was not necessary

prior to use,

FHYSICAL TESTS ON ''HE TABLETS

The tablets vrepared were subjected to a series

of tests in order Lo assesstheir potential qualities,

The weight and size variation must be kept within
strict, though practically attainable limits,
otherwise dose variation might be significant,

Although tablets must possess-sufficient mechanical
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strength to withstand normal handling hazards, they
should (if so desisned) disintegrate within a
reasonable time after aduinistration as this may
have a direct bearin; to the absorption and systemic

availability of Uiz drug,
£435:1 WEIGHT VARIATION
4:531:1 METHOD:

Twenty tablets, brushed gentlyato remove excess
powder, were weighea independently and the average
weight calculated, The percentage deviatioq ol
individual tabl:t weights from the average weight
were also calculated, ‘The tablets are considered to
have a satisfactory weight uniformity, if nef more
than two deviate from thir average by more than 5 %

and none vary by up to twice that weight,
4:5:1:2 RESULTS AND DISCUSSION

Tables 4,3 to 4,5 show results for the weight
variation studies, 7The highest positive deviation
obtained with the tablets prepared from the pure
hydrochlorothiazide was 6 % while the highest negative
deviation was 3,4 %, C(enerally enly one tablet had

a deviation from the average weight by more than 5 %,
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For tablets prepared from 30 % dispersion of
hydrochlorothiazide with urea, the highest positive
deviation was 3,4 % while the highest negative
deviation was 2,5 i of the average tablet weight,
On the whole no szingle tablet weight deviated from

the average by up to 5 %,

The highest positive deviation obtained with
tablets prepared irom the coprecipitate of
hydrochlorothiazide with PVP 10,000 was 2.4 % and
the highest negative deviation was 1.8 %. None

had a deviation of up to 5 %,

It is evident from these results that tablets
from all the threc formula¢ have an acceptable
standard of weisit uniformity and have therefore

passed the testi,
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Table 4:3 Weight variation of tablets prepared from
pure hydrochlorothiazide

Average weight of 20 tablets is 497 mg

R I e e

\ieipght of Tablet % % deviation from
(mg) of averape average weight
........ weight . .. ..
527 106,0 +6,0
515 103.6 +3.6
489 9344 -1.6
490 98,6 -1.4
509 102 .4 +2 .4
496 99,8 -0.2
484 97 o &t -2,6
L97 100,0 0.0
492 99,0 -1.0
480 90,6 =34
509 102 .4 +2 o4
490 98,06 1.4
489 98,4 -1.6
481 9648 ~3,2
Lok 9.4 -0,6
509 1024 +2.4
490 98,6 =14
491 98,43 -1,2
490 98,6 =14

510 102,6 +2.6

------ - L R SRy
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Yable 4:4 Weight variation of tavlets prepared from
30 % hydrochlorotniazide = urea
coprecipitate averape weight of twenty tablets

is 503 mg
Weirht of tablet % of . % deviation from

(mg) average wei:znt average weight
500 9944 ~0,6
4957 98,8 =142
500 b -0,6
503 100,0 o,
502 99,8 -0,2
L4Q & €8,6 L
509 101,2 +1e2
507 100,8 +0,.,8
497 98.8 =1,2
520 103.4 +3.4
498 99,0 -1.0
516 102.6 +2,6
498 99.0 -1.0
504 101,2 +1,2
489 97.2 -2.,8
500 994 ~0.6
498 99.0 -1.0
504 101 .4 +1,2
513 102,0 +2,0

504 101 .2 +1.2

"""" - e . e e ——
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Table 4:5 Weight variation of tablets prepared from
30 % Rhydrochlorothiazide - PVP 10,000
coprecipitate,

Average weigni of 20 tablets is 501 mg

""""""""""""""""

Weipht of tablet o ;¢ . % deviation from
(mg) ilﬁﬂﬁﬁf average weight
499 99,6 =04
508 1014 +1.4
496 59,0 -1.0
505 100,8 +0.8
495 98,8 -1,2
513 102, 4 +2,4
499 9.6 -0.4
512 102,.2 +2.2
492 93,2 -1.8
498 99 4 4 -0,6
5 101,6 +1.6
L96 99.0 -1,0
505 100,8 +0.8
499 99,6 -0.4
493 98,4 1.6
500 99.8 ~0,2
500 99.8 -0.2
497 99,2 -0,8
502 100,2 +0,2

492 98,2 -1.8

LR TR

- ..
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UNIFORMITY OF DIAMEIER CF TABLETS
METHOD.,

Ten tabl-its were selected at random and
their diameters measured by means of a
micrometer screw gau;e, These were compared to
the theoretical diameter of the tablets which
cérrespénd’ to tre diameter of the die used in
producing the tablets, A deviation of up to
+ 5 % is acceptable for tablets with diameter

of up to 12,5 mm, (British pharmacopoeia, 1980),

RESULTS AND DISCUSSION

Tables 4,6 to 4,8 show the diameters of
various tablets produced from pure
hydroCthPdthiaxide and its coprecipitates with
urea and PVP 10,000, From these results, none

of the tableis nad a deviagtion from the

theoretical tablot diameter (12 mm) of up to + 5 %,

They are therefure considered to be of

acceptable unifornity in diameter,
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“able 4:6 Uniformity of diameter of tablets prepared
from pure hydrochlorotl:iazide:
Thecretical - act ci-sweter 1240 mm

......................

pianeter of % of i.eorelical % deviation from
tablet diamet r theoretical diameter
(ram)

12,10 100, +0.8

12,00 100,0 0.0

12,00 100,0 0.0

12,00 100,0 0.0

12,05 1004 +0.4

1270 100,8 +0,8

12,05 100, 4 +0,.,4

12400 100,0 0.0

1,00 100,0 0,0

12,04 100,1 +0.1

.............
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Table 4,7 Uniformity o. diameter of tablets prepared
from hydrochlorothizizide - urea coprecipitate:

Theoretical tacict diameter: 12,0 mm

...................

Lizmeter of % of tueoretical % deviation from
tablet diameter theoretical diameter

(1am)

g PR 100,6 +0,6

12,10 100,8 +0,8

12,05 100, 4 +0.4

12,05 100,4 +0.4

12 4O 100,3 +0,3

12,11 100,9 +0,9

12,09 100,38 +0.8

12,00 100,0 0,0

12,00 100,0 0.0

12.01} 100.3 +0.3
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Tuble 4,8 Uniformity of diameter of tablets prepared
from hydrochlorotiiazide - PVP 10,000
coprecipitate,

Theoretical tavlet diameter: 12.0 mm

R e B ————————————_ - W 4 & ® & & & ® & & 8

Diameter of % of theoretical % deviation from
tablet diameter theoretical diameter

(o)

12,04 100,37 +0.3

12,00 100,0 0.0

12,02 100,2 +0.2

12,02 100,2 +0,2

12,03 100,3 +0.3

12,03 100, 3 +0.3

12,01 100.1 +0.1

12,00 100,0 0.0

2402 100,2 +0,2

1201 100,1 +0.1

T e

lraDe3 FRIABILITY T35T
e D931 METHOD

o5 Ten tabl:is were brushed gently with a
camel hair brucsh anu weighed together on an
analytical balance, All the ten tablets were
then put in a Aoche Friabilator and rotated at
25 r.p.m, for four minutes; that is 100 revolutions,
The tablets were then removed and gently brushed

again to remove excess powder and weighed., The
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loss in weight and thus the percentage loss in
weight over the oripical weight were calculated.,
A weight loss of up to 0.8 % is generally

considered acceptable,

Percentage weight loss = (Original weight-

Final weight) x 100,

Original weight

RESULTS AND DISCUSSION

Table 4,9 snow the results for the
friability tests on all the three formulations.
The weight loss oblained with all the three sets
of tablets used raznced from 0,61 % to 0,71 %
which is less than 0.8 %, This means that the
tablets are strong enough to resist the hazards

of normal handling wrich may cause them to chip.

Friability test performed on tablets prepared
from pure hydrochlorothiazide and it's
coprecipitate witliureaand PVP 10,000

rablets prepaved Original weight Final Loss in %

with

S T

Purc hydrochloro-

thiszide

liyvarochlorothia~
~ide = urea copre-

cipitate

of ten tablets weight weight loss in
(g) of ten (g% weight
tablets
T TIr—. )
4,950 4,920 0,030 0.61
4,971 4,936 0,035 0.71

PVP 10, 000 4,960 4,925 0,035 0.71

--------

I T R
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Labak HARDNESS ThEST

o5 ebe METHCD

The Stokes = hounsanto hardnesgs tester was
uéed for this investisation, One tablet is placed
between the two plunyers and compressed between
them by means of a threaded bolt and |
compressible string. The pressure at which the
tablet breaks is indicated by a pointer which
moves along a gauge as the string is compressed,
Ten tablets from each formulation were tested

individually,
4.5.4,2  RESULTS

Tavle 4:10 Hardness test: on tablets prepared from pure
hydrochlorothiazide and its coprecipitates with
urea and PVP 10,000

Tablet serial Freaking Force (kg) a
Y‘lurnber i e e ..l-- ....-...ln-dl-.r .o
Tablets from Tablets from Tablets from
pure hydroch- hydrochloro- hydrochlorothiazide-=
lorothiazide thiaszide-urea FVP 10,000
g%grecipit—
) G ..,J.‘L‘ELB "
2 309 1"10 ' 410
3 4,0 4,2 4,0
4 4.0 4,0 L,2
5 3.8 4,0 4.0
6 3.9 3.8 4.0
7 4,0 4,0 4,0
8 z“'.O 3|9 3‘-8
9 4, 4,0 4,0
10 308 &.O 3-9
Average 3.95 3.9 3,99
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UNIFORMITY O# CONTENTS

METHOD

Ten tabl:lg were weighed ind iwi dually and
each crushed to mnke a powder, Each powder was mwxed
Unifermly wih 100 ml of distilled water. 2 ml
of this solution was {filtered through a
millipore filtur paper (Pore diameter 0,45 u) and
further diluted to 100 ml with distilled water.
The solution obtained was then assayed
spectrophotomcirically, at 273 nm wavelength,

for hydrochlorothiazide content.

The USP XI4, (1975) recommends that at least
nine of the ten tablets tested sieuld contain
+ 15 % of the lahelled amount of drug and that

none exceeds + 25 %,
RESULTS AND DISCUSSICN

Tables. 4,11 to 4,13 show the results for
determination o the uniformity of
hydrochlorothiazitle in the three different tablet
formulations, 7The results revealed that all the
formulations met the required USP standards for
uniformity of contents and have therefore passed
the test. The even aistribution of

hydrochlorothiazide in the various tablets produced
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could be attributed to an effective mixing

procedure , (! = ] oy LN

Table L4:11 Uniformity of contents of tablets prepared
from pure hydrochlorothiazide

Absorbance  Equivalent Theoretical % Hydrochloro-
at 273 nm hydrochlorotiii~  hydrochlore-~ thiazide content
azide content thiazide
(mg) content
......... RRp— . 1§
G.278 50.5 50,0 101.0
Q.269 48.9 50,0 97.8
0,287 52.2 50,0 104.4
0,278 50.5 50,0 101,.0
0.278 50.5 50,0 101.0
(4281 51.1 50.0 102,2
Oa274 49.8 50.0 99,6
2el7h 49.8 50,0 99.6
0.279 50.7 50,0 101.4

0,268 48.9 50,0 97.8

B e e P ——— . . PR T
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Table 4312 Uniformity o contenis of tablets prepared

from hydrochlorothiazide -~ urea coprecipitate

[ T - LSk i sk ledl LU sk

Absorbance Equivalent Theoretical % hydrochlero-
at 273 nm hydrochlorothi=- nydrochloro- thiazide content
azide content thiazide
(ng) content
(mg)
0.278 5045 50,0 101.0
0,280 50,9 50,0 1€1,8
0,280 50.9 5040 101.8
0,283 51.5 50.0 103 .0
0.285 51.8 50,0 103.6
Coe283 51.5 5040 103.0
0,280 50.9 50,0 101.8
0,275 50,0 50,0 100, 0
U.279 50,7 50,0 1014

U283 51.5 50,0 103.0

2 e gl g
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Table 4:13 Uniformity of contents of tablets prepared
from hydrochlorothiazide - PVP 10,000

coprecipitate
Abgorbance  Equivalent Theoretical % hydrochloro~-
ot 277 nm hydrochlorothi- hydrochloro- thiazide content
azide content thiazide
{mg) content
(mg)
G277 50,4 50.0 100,8
0,277 50.4 50.0 _ 10,8
0,276 5042 50.0 1004
0,278 50.5 50,0 101.0
0.278 50.5 50.0 101.0
0,276 50,2 50,0 100.4
0277 50.4 5C.0 100.8
0.277 50.4 50,0 100,8
0,278 5045 50,0 101.0

L2786 50.5 50,0 101.0

Y . e O

FR
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445.6 DISINTEGRATION 15T

L£,.5.6.1 MET/IOD

The disintce ration test was carried out
using the basket-rqck method as described in the
USP XIX, (1975). The medium was distilled water
maintained at 37°: by neans of a thermostatically
controlled wer batk, The disintegration times of
six tablets from each of the three formulations
were recorded individually and the average
calculated., Disinteprstion in this context implies
a state in which any residue of the tablet
remaining on the screen of the test apparatus is

a soft mass having no palpable firm core.
abi 52 RESULTS AND DISCUSSICMN

Table 4:14 shows the disintegration times of
tablets from the taree formulations., The USP
recommends an average of 15 minutes for plain
uncoated tablets to disintegrate completely. It
is therefore clearly seen from these results that

the tablets have passecd the disintegration test.
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Table 4:14 Disintegration times (in minutes) of tablets
prepared from pwre hydrochlorothiazide and
its coprecipitates with urea and PVP  10, 000
in distilled water at 37°C

L P g Mk moE v h ok ai L e

Tablet Tablets prepared Tablets prepared Tablets prepared

serial from pure from hydrochloro- from hydrochloro=-
number hydrochlorothi- thiazide-ures thiazide ~ PVP
azide coprecipitate coprecipitate
1 10.7 10,0 11.0
2 3.8 10.1 1.2
4 10.9 1163 12 42
5 12.0 1749 12.5
6 12,0 12,2 13.5
Avecrage 10.8 1069 12.0
be5.7 DISSOLUTION RaTH STUDIES

%.5,7.1 METHOD

The rotating backet method described in the
USP XIX (1975) wus used to determine the dissolution
profile of the tablets, The digsolution medium
was 900 ml of distilled water maintained at 37°C
by means of a thermostatically controlled water

bath heater. 7The baskKet was rotated at 150 Ir.pP.m,.
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5 ml aliquots were withdrawn, filtered through

" a millipore filter paper {pore diameter 0,45 m)

and guantitatively diluted to 25 ml with distilled
water., The reguvltin:. sclutions were then assayed
spectrophotometrically at 273 nm wavelength to
determine the Lwvdrochlerothiazide &ontent, Every
5 ml of the test sample removed was replaced with
Gt ke SOMe Jom parQhang
5 ml of disgtilled wateﬁ(to maintain a constant
volume of the medium, Corrections was made for
the amount of druy previougly withdrawn in each

dase using - the  method of Wurster and

Taylor, (1965).
RESULTS AND DISCULSION

Tables 4:15 to 4:17 and figure 4:1 show the
results of the digsolution rate test performed on
the tablets. Tr.blels formulated from the pure
hydrochlorothianzide had the least dissclution rate
when compared to those for which the coprecipites
of hydrochlorothiszide with urea and PVP 10,000
were used. This difference is expected as
coprecipitates are Ifnst release systems and are
expected to relz2ase the drug faster into solution
than the pure crystalline form of the drug. Tablets
prepared from the coprecipitate of |
nydrochlorothiazide with PVP had dissolution rates

superior tu those-frouw- the coprecipitateg,mith urca.
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This is in agreeneat with previous observations

(3.4.4) made with Lhe powder samples,

izble 4:15 Dissolution rate data for tablets prepared
from pure hydrochlorothiazide in distilled

water at 570C

...................

"T'ime Mean Amount of % hydrochloro-
(Liinutes) absorbance hydrochloro=- thiazide released
at 273 nm thiazide
releasecd

(mg/900 ml)

0 0.00C 0,00 0.0

; 0.056 4,58 9.2
10 C.100 £,18 16.4
15 0.162 13425 26.6
20 0.205 16,77 33.8
50 0.296 24,22 48.9
L5 0.572 50, bl 61.6
60 0,432 35435 71.8
75 0.495 40,50 82,5

90 0,540 L4l e 18 90.3
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Table 4316 Dissclution rate data ior tablets prepared
from hydrochlorothiazide - urea coprecipitate,
in distilled water ot 37°C

arw o Bom Tom ok o e L

Tine Mean Amount of % hydrochloro-

{dinutes) absorbance Iydrochloro- thiazide released

at 273 nm thiazide

raeleasged

0 0. 000 G400 0.0
5 0,106 8,67 173
10 ' 0.200 16.36 _ 32,8
15 0.296 24,22 48,7
20 0.355 29,05 58.6
50 0,429 35.10 71.1
b5 0.479 39,19 - 79.6
60 0,499 40,8% 83.4
75 0.540 44,18 90,5

90 0,579 47437 97.4
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Table &:17_ Dissolution rate for tablets prepared from
hydrochlorothigzide -~ PVF 10,000
coprecipitate, in distilled water at 37°¢C

P T O - P .Y T

Time Mear Amour:t of % h.ydrochloro=-
{ninutes) absorbance Rvirochloro~ = thiazide released
at 273 nm  thiazide
veleassd

(mg /900 ml)

LI R I P v R L e

0 ' 0. 000 . G,00 0,0

5 - 0,115 Gt 18.8
10 '0.211 17,26 34,6
15 0.308 25,20 - 50.6
20 0.372 30,44 61,4
30 0.485 39,68 80.2
45 0.572 46,80 95.0
60 0.595 45,68 99,2

75 0,595 45,68 99.8

90 0.593 48452 100.0

L T T By A A T WAL
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FIG.4:1 Dissolution profiles of tablets prepared from pure hydrochloro -
thiazide (e) j 30% coprecipitates of hydrochlorothiazide with
urea (e) and polyvinylpyrrolidone 10,000 (@) in distiled water
at 37°C.
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CHAPTEY FIVE

Se AGING STUDIES

It is well established thal aging has a
significant effect on the dissolution rate of solid
dispersed systems (Allen and Kwan, 1969;

Chiou and Niazi, 1971; Ford and Rubinstein, 1977;
1980). This has been attributed to various changes
that occur in the system which, to a great extent,
deperids on the nauwire of interaction existing
between the components of the system or even N
changes in the physical nature of the drug alone. |
Aging effects associated with solid disperslions
could be manifested as precipitation of the drug
from supersaturated solid and glass solutions or
crystal transformation of substances that are
polymorphic in nature, This and other
physico~chemical changes that may occur in such
systems have been reviewed by Chiou and

Riegelman, (1971aj.

The aging studies were designed to find out the
effect of storage {0 tablets formulated from pure
hydrochlorothiazide and from its coprecipitates with
urea and PVP 10,000) under various humidity
conditions and the storage time on the drug release

pattern (dissolution profile),
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STORAGE CONDITIONS

The stora:;e conditions employed in this
study were 98 ) aud 75 % relative humidity and
ordinary room conditions having a humidity
ranging from 6 % to 30 % and a temperature from
20°%c to 35°c., The 98 % R.H. was maintained in a
desiccator by means ci a saturated solution of
disodium phosphate while a saturated solution of
sodium chloride provided 7% % R.H. conditions,
The tablets were stored under these conditions

for a duration of 105 days.
EVALUATION OF ACGED TABLETS
DISSOLUTION RATE TESTS
METHOD

Dissolution rate tests were performed on the
aged tablets after storage for 40 and 105 days

under the various conditions stipulated. These

were carried out using the method described earlier

(4.5.7). Dissolution rate tests were carried out
thrice for ‘each formulation stored under each

experimental condition,
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DISINTEGRATION TESTS

METHOD

Disintesration tests were carried out after
storage for 105 days. The basket-rqck method
describved earlicr (4,2.6) was used, Six tablets
were used in each: case and the average

disintegraticn time recorded,

RESULTS AND DISCUGSION

After 40 dnys of storage, it was observed
that all the tablets stored under 98 % R.H.
had @bsorbed so wuch moisture that they lost their
consistency. This mode it impossible for the
dissolution rates tesis to be carried out on these
tablets, Thoul: tablets stored under 75 % R.H.-
still maintained their consistency, the tablets
prepared from hyarochlorothiazide coprecipitates
with urea were softer than all the others. There
was however litile or no change in the physical

texture of tablets stored under 6 to 30 % R.H.

After 105 days of storage, the tablets made
from hydrochlorothiazide coprecipitate with urea,
which were stored under 75 % R.H. had absorbed so

much moisture that they lost their consistency.
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Tablets formulznted from the pure
hydrochlorothiazide and its coprecipitate with

PVYP 10,000 stored under the same conditions still
maintained theii toexture and consistency. Infact
those from coprecipitates with PVP 10,000 had
hardened, On the otlier hand, tablets prepared
from hydrochlorothiazide=urea coprecipitate and
stored under 6 to 30 % R.H, had absorbed moisture
and were a iittle bit soft to touch. Other tablets

however, did not change significantly.

Tables 5.7 to 511 and Figures9.1 to 5.3 -
show the results for the dissolution rate tests
performed on the aged tablets stoked under the
different experimental conditions. Table 5,12
shows the avsrage disintegration times for the

various tablet: after storage for 105 days.

These results snow that the disintegration time
of tablets prepsared from the pure
hydrochlorothiazide and its coprecipitate with
PVYP 10,000 were increased after storage under
6 to 30 % and 79 % R.H. for 10% days. Contrary to
these observations, there was a dramatic reduction
in the disintegration time of tablets prepared fron
hydrochlorothiazide~urea coprecipitates and stored

under the same counditions. Infact the average
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disintegration time o these tablets was reduced
to about one fiftieth < hen compared to that of
freshly prepared isnblets from the same
hydrochlorothiazide-urea coprecipitate. It may
be inferred from thcse results that the presence
of urea increased the water absorption capacity
of these tableis, As earlier mentioned

(2.1.2¢c), urea is sligi tly hygroscopic in nature.
This may also be the rational explanation to the
change in texture and consistency of tablets
prepared from hvdrochlorothiazide-urea
coprecipitate when exposed to a moist environment
(of 75 % and 93 % R.H.) for a long time.
Additionally, it can clearly be appreciated that
the amount of mnisture absorbed increases with

increasing R.li, of the storage environment,

Although PVF has some hygroscopic
characteristics too, it seem to have a unique
aging pattern, 1'.e aged tablets were a little bit
harder than the freshly prepared tablets. This
could explain the observed protracted disintegration
times of tablets formulated from pure
hydrochlorothiazide and it's coprecipitate with
PVP 10,000,
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The dissolution rzte data revealed that the
tablets prepared from hydrochlorothiazide-urea
coprecipitate were most sensitive to moisture,
The effect of moisiure was clearly seen to be
dependent on the lengih of time for which the
tablets were exposed to the moist environment,
Generally, increased dissolution rates were

observed for these products and this could be due

'able 5,1 Dissolution rate data for aged tablets prepared
from pure hydroctilorothiazide in distilled water
0
at 37°C

Duration of Storage: 40 days R.H. ¢ 6 to 30 %

Time lean Amount of % Nydrochloro-
.-inutes) absorbance hydrocnloro- thiazide released
at 273 nm  thiazide released

L R T T R R R R I e———

0 0,000 0,00 0.0

5 0,047 3485 Ts7
10 0,093 7.61 1543
15 0.142 11,62 23 .4
20 05196 16,04 32.3
0 0.276 22,58 45.6
45 0.355 29,05 58.8
60 0.398 32+56 66.1
75 0,435 35459 75.6

50 0,486 39,68 81.1
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“arule 5,2 Dissolution rate data for aged tablets prepared
from pure hydrochlorothiazide in distilled
0r|
water at 37 C

Duration of stor.pe: 105 days
R. Ho 6 to 30 %

Time Mean Amount of % hydrochloro-
(ivinutes) absorbance hvdrcchloro- thiazide released
at 37°C thiazide
released

(mg/900 ml)

ooooooo - oa o w mrme a e -

O 0,000 0,00 0,0

5 0.061 4,99 10.0
10 0.115 9.41 18,9
15 0.179 14,65 29.5
20 0.250 20445 41,3
30 0.354 28496 5847
45 0.440 56,40 72.9
60 0.500 U 490 83,1
79 0.536 4% .85 89.4

50 0.553 45425 92.7
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Dissolution rate data for abed tablet prepared
from pure hydrociilorothiazide in distilled
water at 37°C Duration of storage: 40 days
R.He 75 %,

Time
(minutes)

[P

ia w4 A W

Mean Amount of % hydrochloro-
absorbance hydrochloro- thiaszide released
at 273 nm thiszszide

released

{mg/900 ml)

10
15
20
%0
45
60
75
Qo

i e —

0,000 0,00 0.0
0.069 5.65 11.3
0.127 10439 20,8
0.186 15,22 30.6
0.237 19,39 39.1
0.328 26,84 54,2
0.408 33438 67.6
0. 440 36,00 T3.2
0. 466 35.13 | 77 .9

0.470 33 45 79,0

LI T T N WU ST
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Table 5.4 Dissolution rate data for aged tablets.prepared
from pure hydrochlorothiazide in distilled
water at 37°C., Duration of storage: 105 days

R.H, 75 %
Time Mean Amount of | % hydrochloro-
Gieinuates) absorbance ydrochloro= thiazide released
at 273 nm thiiazide
releused
(mg/000 ml)
¢ . 0,000 0.00 0.0
o) . Q.077 6.30 12.6
10 0.135 ,11,05 22.2
315 0,196 16,04 32.3
20 Q242 19,80 40.0
50 Qa335 27 41 55k
b5 G.413 33.79 68.5
60 0.448 36,65 7h.6
75 0.471 39.03 797

90 0.478 39.11 80.3

-t 4 mLs w e a b ow mume s ol
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Time (min)

Dissolution profiles of fresh and aged tablets (after storage at
various relative humility conditions tor 40 and 105 days ) prepared
from pure hydrochlorothiazide in distilled water at 37°C. |
x Fresh tablets

e Tablets stored under room conditions for 40 days.

® Tablets stored under room conditions for 105 days

© Tablets stored under 75°% relative humidity for 40 days.

a4 Tablets stored under 75°% relative humidity for 150 days.
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tuible 545 Dissolution rate data for aged tablets prepared
from hydrochlorctibhiazide= urea coprecipitate
in distilled water at 37°C.
Duration of storsse: 40 days
R.H: 6 to 30 %
Time - Mean Amount of % hydrochloro-
(minutes) absorbance uydrochloro- thiazide released
at 273 nm thiazide
released
(mz/900 ml)
0 0,000 0,00 0.0
5 0.270 22,09 44,2
10 0,310 25,56 51.0
15 0,350 20 .64 897.8
20 0.392 52407 65.0
20 0.449 56,40 74.0
L5 0.485 39470 B81.0
60 . 0,53 (41 .98 84,7
75 . 0.534 4135469 89.9
20 0,556 45449 94,0

-------
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labtle 5,6 Dissolution rzte data for aged tablzts.preépared
from hydrochlorotﬁiazide—uréé coprecipitate.
in distilled waiier at 37°C.
Duration of storage: 40 days

ReHe 75 %
Tinme Mean Amount of % hydrochloro=
(minutes) absorbance hydrochloro- thiazide released
at 273 nm  thiazide
released
(mg/900 ml)
0 0,000 0400 0.cC
9 0.474 38,78 7746
10 0.485 39,68 79.8
15 0.494 4O 42 81.7
2 0.5C0 40491 83.1
20 0,518 L2438 86.5
45 0,532 L3652 89,3
€0 0,556 45,49 93.7
79 0,576 G713 97.5

Z0 04591 42435 10,5
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fable 5.7 Dissolution rate data for aged tablets prepared
from hydrochlorrothiazide=-urea coprecipitates
in distilled water at 37°C.
Duration of storage: 105 days
R.H.: 6 to 30 %

LRk BEU T R, L I R I T

Time Mean Amount of % hydrochlore-
(winutes) absorbance hydrochloro= thiazide released
at 273 nm thiszide
released
(mg/900 ml)

e I - h ke memesw e

0 0,000 0,00 0.0

5 0.324 26451 53.0
10 0.360 29445 59.2
15 0.402 32 .89 66.4
20 0.425 34,77 70.5
30 0,463 37 (8 Vi %%
45 0.497 40,66 83.1
(0] 0.528 113,20 88.6
T4 0.544. 44,51 91,7

20 0.546 Ll 67 92.5
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I;O 210 3‘.0 410 SEJ 60 7b lD 90
Time ( min)

Dissolution profiles of fresh and aged tablets ( after storage at

various relative humidity conditions for 40 and 105 days )

prepared from 30°% hydrochlorothiazide - urea coprecipitate in

distilled water at 37° C.

x Freshly prepared tablets

© Tablets stored under room conditions for 40 days.

& Tablets stored under room condition for 105 days.

© Tablets stored under 75°% relative humidity for 40 days.
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Table 5,8 Dissolution rate data for ngec tablets prepared
from hydrochlorothiazide~PVP
10,000 coprecipitate in distilled water at 37%
Duration of siorare: 40 days
R-H, 6 to 30 %

.............

Time Mean Anount of % hydrochloro-
(ninutes) absorbance hydrochloroe- thiazide released

at 273 nm tniazide

released
{(mg /500 ml)

s R e e s e

0 0.000 0. 00 0.0
5 0.098 3,02 16.0
10 0.168 1375 27.6
15 0.245 20,05 40.3
20 0.323 26443 53.3
30 0.425 ha77 70.3
45 0.520 42 455 862
60 0.544 bl 451 00,6
3 0.561 45450 93.9

20 0.579 47,37 97 .4
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Table 5.9 Dissolution rate data for aged tablets prepared
from hydrochlorothiazide-PVP 10,000
coprecipitate in distilled water at 37°C.
Duration of svorape: 105 days
R.He: 6 to 30 4

Time Mean Amount of % hydrochloro-
(ininutes) absorbance nydrochloro- thigzide released

at 27% nm thisznide

released
(mg /900 ml)

P B T B PR -

0 0.000 0,00 0.0

5 0,137 11,20 22,4
10 0,226 8,49 37.1
15 0,307 25,12 50,6
20 0,386 31,58 63.8
%0 0,495 40,50 82.0
45 0.583 47.70 96.8
60 0.593 hi3 52 99.0
75 0.596 48,76 100.0

90 0.599 49,01 101.0

Nom.d @ m R I W
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Table 5.10 Dissolution rate data for aged tablets prepared
from hydrochlorothiazide-PVP 10,000
coprecipitate in distilled water at 37%¢.
Duration of storage: 40 days.

R.H. 75 %
Time in  Mean Amount of % hydrochloro-

(minutes) absorbance h;drochloro- thiazide released

at 273 nm thiazide
relecsed
(rap /900 ml)

20
30

« % ® e s oo T

0,000 0,00 0,0
0.093 7461 15.2
0.149 12,19 24,5
0,200 164,36 329
0.244 19,96 40,3
0.306 25.04 50.7
0.393 2415 65.2
0.422 34453 70.3
0,445 J0e41 7h4.5.

0.475 53,486 7948

...........
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Table 5.11 Dissolution rate data for aged tablets prepared
from hydrochlorothiazide-PVP 10,000 coprecipitate
in distilled water at 37°C.

Duration of storage: 105 days.

R.H,: 75 #%
Time . Mean Amount of % Nydrochloros
(minutes) absorbance hydrochioros~ thiazide released
' at 273 nm  thiazide
released

{(mg/900 ml)

I TR, LR [V TAF EE RTFOTE W e o

9] 0.000 0,00 0.0
5 0.095 777 15.5
10 0.170 13,91 27.9
15 0.221 16,08 36,4
20 0,256 20,95 42.3%.
30 0.333 27425 55.2
45 ' 0.428 35,02 71,0
60 0.453 37.06 75.5
75 0.486 39476 81.3

LIS - e .
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£1G.5:3 Dissolution profiles of fresh and aged tablets ( after storage at
various relative humidity conditions for 40 and 105 days)
prepared from 30% hydrochlorothiazide - polyvinylpyrrolidone
10 000 coprecipitate in distilled water at 37° C.
x Freshly prepared tablets.
@ Tablets stored under room conditions for 40 days.
® Tablets stored under room comditions for 150 days.
© Tablets stored under 75°% relative humidity for 40 days.
& Tablets stored under 75% relative humidity for 105 days.
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Table 5,12 Average disintesrration times for tablets
prepared from pure hydrochlorothiazide and
it's coprecipitates with urea and PVP 10,000
in distilled water at 37°C. .

Tablet U = 30 % ReHae 795 % RiHs 98 % RaH»
formulation

Piure hydrochlorothi a=- _ .
~ide 15,5 min, 1340 min, -

i'yérochlorothiazide~

urea coprecipitate 0,2 min, - -
rydrochlorothiazide-
PVP 10,000 coprecipi'=-

tate 25,9 min, 30 min. -

= e r v s o= R e L I

to solubilization o7 the drug in the tablet prior

to exposure to tha dissclution medium; a conseguence
of the significant z.nount of moisture absorbed into
the tablet, This iz attested by the increasing
initial dissolution rotes with increasing relative
numidity and time o7 slorepe. Increased storage time
allows for more moisture abgorption., This claim is
demonstrated by the dissolution rate data for tablets
from hydrochlorothiazide-urea coprecipitates stored
under 6 toc 30 % R.:' for 40 and 105 days with the
latter having a superior dissolution profile. Moreover
the disintegration times of these tablets were reduced
implying that more surface is expQsed faster to the
dissolution medium_ durirg the¢ test., Similar increase

in the dissclution rate with age have been reported for
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coprecipitates of chlgrpropamide with urea
(Ford and Rubeinstein, 1977). |

Tablets prepared from hydrochlorothlazide-PVP
10,000 showed a general decrease in the disso}ption
rate after storage under all the experimental. |
conditions. Thils could be attributed to the i ‘?
hardening characteristic of these products with |
age, Furthermore, depending on the natufe in which
hydrochlorothiazide exXist in the PVP, one or a |
combination of the following changes may be
contributory factors to the observed decrease in
dissolution rates, Such changes include, . , | :Jf'g
precipitation of hydrochlorothiazide from soldd |
solutions and glass solutions, increased '
. erystallinity with age or transformation into a more
stable crystalline form such as that observed for‘
sulfathiazole dispersed in urea after storage at 105°C
for about oné hour (Chiou and Niazi, 1971). Other
possible changes may be increased particle size of the
'drug or cqarsening of eutectics, Decreaged dissolutioh
rate with age have been reﬁcftgd for indomethacin in
dispersion with polyethylene glycol (Allen and Kwan,
196€9; Ford and Rubeinstein, 1980), However, ﬂ

investigations into the exact nature of interaction

bétween hydrochlorothinzide and urea or PVP was not

carried out,
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From figure 5,1, the tablets prepared from pure
hydrochlorothiazide ghowed the least variability-lﬁ
the disgsolution rotes after storage under all the
experimental conditions. This observationlfurther
supports the claim thiat decreased disscolution rates
of tablets prepared fram hydrochlorothiazide-PVP
may significantly be dependant on changes that may
have ocecured in the physical nature of hydrochlorothlazide
in these two substances., The average disintegration
time of these tablots were also not significantly
altered especially when compared to those prepared
from hydrochlorothiazide coprecipitates with urea
and PVP 10,000, 3uch apparently indifferent
disintegration tiae snould lead to similar

digsolution profiles with all parameters being equal.

Summarily, one would say that while exposure
of tablets prepared Iroir hydrochlorothiazide«PVP
coprecipltate showed a definite decrease in
dissolution rates after storage, the dissolution rates
of tablets preparecu from hydrochlorothiazide-urea
coprecipitate were ilncreased. The changes in
dissolution rates woere alsb found to be dependent
on the R.H,(moisture centent of the atmosphere and

the time for which {he tablets are exposed,
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However, the very serious disadvantage
associated with tablets irom hydrochlorothiazide-urea
coprecipitate, which uway affect the practical
applicability of the soulid dispersion technique,
is that on prolonged exposure to the atmosphere,
the tablets may zet too soft to resist reasonable
rigours of handling and transportation thereby
loosing its potential qualities as a good

pharmaceutical product,
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GENERAL SUIMMAY AND DONCLUSION

Hydrochlorothiazide, n poorly water soluble d&zretic,
has been found to be stable when coprecipitated with readily

water soluble carriers; PVP 10,000, 44.000 and urea,

Aqueous solubility studies indicated -~ resasonable
evidence of interaction netween hydrochlcrothiazide and
these carriers in solution, This is evident by increase in
the solubility of hydrochlorcthiazide in the presence of the
carriers. However, the infr.icl spectra chowed no evidence

of interaction in the solid state.

There was a general incrcase in the dissolution rate of
hydrochlorothiazide fron the puys.cad wixcuwres ana
coprecipitates when coupared to the pure drug alone,

While increases from thc physicul mixture was accredited to
local solubilization of hydrochlorothiaszide by the readily
soluble carriers, that from the coprecipitates may be due
to one or a combination of the foliowing; particle size
reduction, precipitation of Lydrochleorothiazide in a
thermodynamically unsta:le armophous form whish usually has
better solubility thau the crystalline io»m, Improved
wettability and dispersinility of the drug particles
coupled with a possible reduction of electrostatic

attractive forces may oe contributury factors.

The dissolution rate ¢f hydrochlerothiazide from
compressed tablets prepared from its coprecipitates with
PVF 10,000 and urea were similarly increased when compared

to those from the pure drug,
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On storage humidity has & significant influence
on the dissolution profile of those tablets prepared
from the solid dispersions, While a definite increase
in dissolution rate was observed with the urea
coprecipitate, thom from tine PVP coprecipite
showed a decrease, Additionally, tablets prepared from
the dispersion with wea absorbed so much moisture that
the desired mechanical strength of a gnod product were lost.
Thig implies that when such area products are likely to
be stored for a long period Lefore use (particularly
solid dosage forms), they st be adequately protected
from moisture so as to preserve the good physical

characteristics of the product,

In conclusion, while the solid dispersion technigue
has been demonstrated to be of bhiopharmaceutical
Bignificance, the choice of carrier is eritical in attaining
reasonable increase in the disgsolution rate of poorly
soluble drugs and in maincaining the qualities af a good

Pharmaceutical product,
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