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ABSTRACT

Tot al drug content for thirteen different
brands of paracetamol tablets and five brands of
paracetamol syrup has been eval uated.

Cheni cal assay methods based on colorimetric
and spectrophotonetric absorption were enployed in
the study. The results (except for one brand of
paracetamol syrup) conplied favourably wth the
stated anmount in the nonogram for paracetanol
cont ent (95.0 - (5.0)% The excepti onal
paracetanol syrup (S2) was found to contain 89.12%
of the | abelled ampunt of paracetanol.

Di ssolution rate profile of thirteen different
| ots of paracetanol tablets in 0. 1M HCL sol ution
was investigated by neans of U S . P. XVIII rotating
basket nmethod. The drugs showed some simlarities
as well as sonme differences in their respective
di ssol ution rate profiles. The di fferences
observed in the dissolution rates of the drugs
were probably due to the different manufacturing
processes enmployed by the different manufacturers.

Di sintegration time test was carried out on
three brands of paracetanol tablets (A, A2 and
A7) . There was considerable wvariation in their

di sintegration times which could be due to

Vii



different types and amount of disintegrant used by
the different manufacturers.

In vivo bioavailability study of sone brands
of paracetampl tablets was carried out in healthy
human subj ect s. A sinple, reliable and rapid
met hod of paracetanol estimtion, devel oped by
Gl ynn and Kendal (1975), was adapted for the
determ nation of serum and saliva paracetanol
| evel s. Serum and saliva paracetanmol half-Ilives
were calculated by the nmethod of residuals. Area
under the concentretion-time curve <AUC was
cal cul at ed by t he t rapezoi dal rule and

extrapolation to infinity.

Hi gher but statistically insignificant, |evels
of paracetanol were detected in saliva conpared
with the serum for the first 60 m nutes foll ow ng
oral ingestion of |Ig of the drug. There was a good
linear correlation between the concentration of
par acet anol in serum and saliva. One of the
products (A7) was verv slowly absorbed, consistent
with its low dissolution rate found in vitro.
Paracetamol elimnation half-lives calculated for
serum and saliva were simlar.

The in vivo data gquantitatively correlated

with the in vitro rel ease of these tablets.
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CHAPTER ONE

1.1 In vitro Availability Testing

The study of the kinetics of drug release
from a solid dosage form is of great importance in
the formulation of drugs to ensure that a given
dose of an active ingredient is released to the
patient, in sultable amounts, after
administrat!on.

The dissclution rate test 1s wused for
measuring the time requ: red for a given percentage
of a drug substance in a solid dosage form to go
into solution under specified set of conditions.
It is an 1ip vitro test and 1is 1ntended to
provide a step towards the evaluation of +the
physiological availability of the drug substance,
but as currently described, it 1s not designed to
measure the safety or the effectiveness of the
solid dosage form. Both parameters must be
demonstrated initially oy means of an appropriate
in vivo studies and .linical evaluation. Since
drug absorption and ~hysiological availability

depend on having tihe drug substance 1in the



dissolved state, sultable dissolution
characteristics are an {important property of a
satisfactory dosage form.

The physical characteristics and the
composition of the drug can have an effect on the
rate of disintegration, deaggregation and
dissolution of +the drug, These <c¢an, as such,
affect the rate of absorption and resultant blood
levels of the drug., ‘.en drugs are administered in
solid dosage forms, the rate at which they are
released into solution may often be slower than
other processes involved in absorption, so that
dissolution becomes the rate-limiting factor in

absorption. In such cases, anything that affects

dissolution will also affect absorption.
Dissolution can therefore, affect the onset,
intensity and duration of a response by

ccntfolling the overall biocavailability of the
drug from the dosage form.

The steps 1involved 1in the disintegration,
deaggregation and dissolution of compressed
tablets or powders i1 capsule are shown in Figure

1.



TABLET UR Dimintegretion £ GRQ“U-ES OR Desggragation FI"E
CAPSULE ~ AGGRZATES PARTICLES

Disselution Dispaiution Dissalution

' |
DRUG IN SOLUTION

Absurption

DAUG IN BLOOD ¥ FLUIDS AND TISSUES

Fig.l: Schematic Representation of Disintegration,
Deaggregation and Dissolution of a Drug From Solid

Dosage Forms (From Poole, 1979)



Dissolution occurs at all levels from the
intact dosage form the granules  and the
particles. Since the cu.face area of the drug in
the intact dosage forw 1s limited, the rate of
dissolution from the 1{i.tact compact is negligible
except for very solu le drugs (Poole, 1979). It
has been reported tha the rate of absorption of a
drug is the function of its dissolution rate (Levy
and Hayes, 1660). WVagner (1971b) demonstrated that
the processes involved when a solid dosage form is
exposed to a fluid is dependent on dissolution.

An in vitro dissolution test which
correlates quantitetively . with dissolution
rate-limited drug &absorption 1in man has been
developed (Levy et al., 1965). It 1is important to
discover the physical characteristics of a drug
which can alter its bloavailablility, such as the
polymorphic crystal farm, choice of the salt form,
the particle size, the use of the hydrated or
anhydrous form, wettability and solubility, during
the chemical testing of the drug prior to sale.

Dissolution rate test is used as a means of
quality assurance of a good pharmaceutical dosage
form. It is used to ersure that a given product is
uniform within the ¢zme batch and from batch to
batch during an 1in->-ocess quality control. The

characteristics of tle pure drug or the effects of



exciplents, the pracessing and manufacturing
variables can be assessed using dissolution rate
test. Also the stability of a drug after an
extended shelf-life <..n be estimated,

The rate of cissolution depends on the
surface area of the wolid, which in £urn. depends
on how finely the warug 1is comminuted. It also
depends on the ener;y and energy states within
crystals of the drug. Moyes and Whitney (1897)
incorporated the majlcr factors involved 1in the
rate of dissolution into an equation,

ds/dt = ks (cs - ct)
where s 1s the surface area of the particles,
k 1s a constant unique to the chemical
substance and incorporates enargy and
entropy factors,
cs is the concentretion at saturation, and

ct is the concentration at time t.

K varies widely from drug to drug and some
drugs may have slow ate of dissolution despite a
fine state of subdivislon. Some drugs may exist in
more than one crystal form, so that there may be
more than one k. For example, some preparations of
aluminium hydroxide completely dissolved within
thirty minutes, while others showed no appreciable

dissolution within one hour. During storage some



drugs change in crystal form,
Considerable attentica is directed to the
dissolution rates of wvarlous salts of drugs and to
the various crystal forws, in an effort to develop
preparations with optinal dissolution rates.

The rate of dissolution of an active
ingredient can be altared adversely by improper
choice of 1ingredients and other formulation
factors despite the use of solids of appropriate
fineness. Because of compaction during tablet
manufacture or capsule filling, hydrophobicity
imported by tablet lubricants, adsorption of air
on the particles often may prove more slowly
soluble than larger rarticles. These properties,
therefore, must be racognized and treated more

appropriately in the ccurse of a good formulation.

The model belo shows the rate at which a

solute goes into solu® .an.

Bulk
Solution

1 1
| I
i |
; 4
| |
| i
! !

Stagnant layer

e e e e e e ————



Take a solid particle disbarsed in a
solvent having a finit» thickness, L in centimeter
{(cm?>. The layer is &zn integral part of the solid
and is referred to as "stagnant layer". This means
that regardless of 1rw fast the sclution may be
stirred, the stagnant layer remains a part of the
surface of the solid moving wherever the particle
moves (Ravin, 1880).

Using Fick's law of diffusion, the rate of
solution of the solid can be explained as the rate
at which a dissolvec solute particle diffuses
through the stagnant layer to the bulk solution.

The greater the difference in concentration
of the solute, C: in ~he stagnant layer, and its
concentration, Cz, o©on the farthest side o0f the
etagnant layer, the fastest the rate of solution.

Rate of solution = DA(C: = Cz)

L

Acording to Fick's law, the rate of scolution is
also directly proportional to the area of the
solid, A 1in cm®, and inversely proportional +to
the length of the path through which the dissolved
solute molecule mst diffuse. . D is a
proportionality consztant called the diffusion
coafficient in cm®/soc, The concentration C,

is usually the satur-stion solubility as 1t 1is



usually larger  thar Cz., Thus the rate of

solution can be expre:s:ed as:

Rate of Solution = DA {(saturation solubility>

L

Factors Influepncing Dissglution Rate

Thae rate of d!ssolution of a drug can be
affected by solubility, particle size,
disintegration rate, chemical form and surface
area of the solid dosage form (Ravin, 1980,

In the process of an 1In wvitro disscoution
rate test, it is essen.lal to control some factaors
which are known to :couse variations within and
between control labou-stories 1in order to ensure
reproducibility of re=ilts.

In relation Ao the dissolution rate
apparatus, 1t is 1important to use a standardized
equipment designed in such a way as to simulate
in vivo dissolutica processes. The British
Pharmacopoeia requires the stimer shaft
eccentricity to be an imperceptible wobble, the
sampling positicon +c¢ be half way betwsen the
basket and the wall £nd half way up the basket;

the speed of the driv: motor to be constant,.



The use of deaerated dissolution medium is
speciried (B.P., 1980). Aerated medium contains
air bub.bles which ran form on the surface of the
basket mesh alteri'; the flow of the medium from
the basket. Sanmples ara to be filtered to remave
solid particles which will give false
spectrophotometric readings,

The temperaiuvre of the dissolution medium
seews to be the only In vivo parameter which can
be reproduced with ease in the laboratory. The B.
P. and U.8S.P. specify a temperature of 3710.5<C.
This 1is important since the diseoiutian of drugs

depends on the temperature of the medium,
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1.2 In vivo Bioavailability Testing

The term bicavair zbLility has been defined as the
rate and extent to whica the active drug ingredient or
therapeutic moiety is axorbed from a drug product and
becomes available at the s te of action which is normally
estipnated by 1its concen.ration in body fluids, rate of
excretion, or acute pbar icologlical effect (Skelly, 1076).
According to this def ition, the absorption of an
intravenously administered drug is rapid and complete,
However, for reasons of convenience and stability, most
drugs are adninistered orally. Therefore, their rate and
extent of absorption 1in an individual are usually not
precisely known (Blanchard and Sawchuk, 1979),

Bioavailabilty or tlioequivalence studies are usually
based on measurement aof e active drug molety and/or its
metabolite(s) in bioleglcs1l fluids as a function of time. In
vivo testing in humans u.uelly dictates that the biological
fluid sampled be limited to blood, urine, or saliva.

Drug is administe wd to subjects who are usually in
the fasted state (approx.mately 12 hours) and who are not
permitted food for several hours after receiving drug. Blood
samples are then collect:d after drug administration at a
frequency sufficient to permit an estimate of peak plasma or
serum concentration of active drug and the total area under

the plasma level versus 'ime curve. In most studies where
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oral dosaga forms are cospared, the sampling times after
each drug adwministration will be identical. Typical plasma
concentration versus time <u:ve that may be obtained after
oral administration of ¢ eclid dosage form is shown in
Figure 2.

Inspection of ¥ _ure 2 permits one to observe the
major bicavailability ps o eters - peak plasma concentration
(Cwax), time to achieve peak plasma concentration (tmax?,
and area under the plaswm level versus time curve (AUC). The
firet two parameters, Cu . 2nd taax, are related to and used
as measures uf the rate of availability from the dosage
form. T.La exteut of alzorptlon from the dosage farm is
related to the third parameter, AUC. In a bioequivalence
study, the objective is to determine whether the tested
dosage furm is  ejuivalent  to  the reference form,
Alternatively, one wight dewoustrate that no statistically
sipuilicaut differences «xist between the plasma levels

derived from each drug product at each saumpling time.
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C = Pedk concentration
1 = Time of peak concentration

o

Average plasma corncentration

Limae

Fig. 2: A typical pl:sma concentration-time curve.



Determination of the 'absoclute' biocavailability of a
drug usually lnvolves » .ovwparison of area under the plasma
concentration-tine curve (AUC) obtained following oral and
intravenous administrat in (for which instantaneous and
complete bioavailabilit: 1is assumed) of the drug. For
practical reasons, intrivecous administration is often not
possivle, aud in such cuses ‘relative' bicavailability is
determined by cowparing 'he AUC's of the test drug and a
secondary reference standard such as an orally administered
solution of the drug or a dcsage form which has been
accepted as a standard (Gibaldi and Perrier, 1975a; Banchard
and ESawchuk, 1979). |

There are a number of circumstances which arise
mking it quite difficul ' to determine the availability of a
drug followiuz administrzcion of a single dose. The plasma
levels of certain drugs ray be very low such that an assay
mathod sencitive enougb t° measure these levels may not be
available. Other drugs 1weve very long half-lives, and the
determination of ihe total area under a plasma
concentration-timwe curve requires plasma samples to be
obtainaed for excessively long periods of time. Thus 1t is
sometimes desirable to determine availablility based on
steady-state plasma drug levels following multiple dosing
{Gibaldi and Perrier, 157%a).

For the estimation of availability, the area under
the plasma concentratic time curve (AUC) determination is

required. The most commca y employed methods for calculating
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AUC's are the “cut-apd-weigh* methed, employment of
planimeter and applicatico o1 trapezoidal rule (Gibaldi and

Perrier, 1575¢c).

1.3 Eacltors Influencing Diuj; Bioavailability

The compressed tarlet is the mwost widely used oral
dosage form, and 1is als: most cummonly involved in drug
bicavailability and biocequivalence problems. This is not
surpricsing owing to the reduction in drug surface area in
the <compressed formulation and the wide variety of
drug forws, ..bleting methodologies, excipients and coating
that are used.

Atcorption may ©» affected not only by the
different dosege forms  but also by similar dosage
forms irom different manufacturers and different

batches of a dosage ZIara from a single source. The

most conLon conventiecanl oral dosage forms, in
decreasing arder of relative dissolution and
absorpticn rates are, solutions, suspensions,
capsules, tablets, coated tablets and

sustained-relcase preparatlons,

Dosage form related factors which can produce
profound differences in bioavailability include formulation
and manufacturing varlabl.s such as particle slzes, the

chemical form and soluli ity of the drug; the type and
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quantity of excipients .seu, '..¢ compaction pressure and
other, factors (Blanchar ' and Sawchuk, 1979).

- Dosage form precowrties often account for some
modification in the pha w .cloglical activity of therapeutic
agents by altering their iatrinsic absorption pattern. The
schematic diagram in F ,ure 3 shows drug concentration in
the blood as a function of time after oral administration
of a fixed amount of drug in +three different doasge
forms designated 1, Il and IlI. The properties of the
dosage form in this hypothetical example produce a change
in the overall absorpticn rate which is reflected in the
blood level - time curve

Activity occurs vian the blood concentration reaches
the effective drug leq2l (Figure 4). The oanset of
pharmacological action .s significantly earlier with
formulation 1 than witt: formulation II, and is never
attained with formulaticn III. The duration of the effect is
often reflected by tie length of time that the blood
level of drug is equal to or higher than the minimum
effective level.

Again it can be seen from the example in
Figure 3 that the duratlon of effect obtained from
formulation I is sginificantly longer than  that

obtained after equal duc2 of formulation II,
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From this general and c(vir-simplified example, it can be
geen readily that daosage furm factors can have a significant
effect on the onset, duret on and intensity of pharmacologic
action of a particular active couwponent.

Figure 3 also illustrates the effect of formulation
on overall biological availability. This availability is
frequently expressed as a ratio of the amount of test
formulation absorbed to the amount of standard formulation
abacrbﬁd.

Arez tnder curve or cumulative
amou! excreted for test formulation
Bioavallablily & escmcdammumemanmm . ———————————

Area under curve or cumulative amount
excroted for standard formulation

A preparation thet exhibits 100% availability may
be compared with a test dosage form. The ratio obtained for
the areas under the two blood level-time curves indicates
the avajilability of the drug from the dosage form. In
the exanple, the areas under the curves iar
formulations I and II are essentially the same. This means
tha® although the drug s more properly absorbed when
administered as formulaticr I,the total amount absorbed when
administered from both ‘orms is approximately the same.
However, for formulation .I!, the area is significantly less
(about 50%) than that cf the other two. If in the
case of the first tw: formulations the drugs were

completely absorbed, the oicavailability of the drug when
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administered as dosage f{fcrr designated III is only about
50%.

The various £ mulation and dosage form
ralated factors which have been extensively discussed by
Poole (1979), Ritschel (1976), Wade (1976) and many writers
in this field include: particle size, crystal form, salt,
complex, pH and solubllity characteristics. Other factors
are excipients and adjuvants as well as manufacturing
methods. Poole (1979) “r his discussion showed that
bioavailability of some dr s have been improved by particle
size reduction, and how jerticle size reduction in recent
years has been accomplisled in several instances by the
preparation of  microcryctalline molecular dispersions of
poorly soluble drugs in solid matrices of water-soluble
carriers.

Various adaptations of the technique of solid
dispersion have been put forward by different research
workers. Fincher (1968) published a review article on the
aitsct.of particle size on drug absorption and activity.

The crystal form in which a drug is presented to the
patient is an impor tant factor influencing the
bioavailability of drugs The crystal form of a drug
substance may change because the substance exhibits
polymorphism. Polymorph!sm has been reported to be
relatively common, being #xaibited by at least one-third of
all organic compounds. Apart from the polymorphic

forms 1in which substar::s may exist, they can also
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geceur in non-crystallin: or amorphous  forms. The
energy requlred for a mo.e ule of drug to escape from the
crystal in which it is loacated is very much greater than
that required to escape frca an amorphous powder. Therefore,
the amorphous form of compsind is always more soluble than a
correspanding crystal form and may exhibit
correspondingly diiferent therapeutic properties

(Poole, 1679>, Examples of drugs in which this has

been observed in vitro are novobiocin and
chloramphenicol.
The property vt many arganic medicinal

compaunds to form sclvent  addition  compounds ar
solvates may also affect their bicavailability., When water
is the solvent associated w th the drug moilety, the solvate
form 1s called a hydrata. The solubility and rate of
solution of a solvate may. significantly differ from that of
non-solvated form of  ~be drug. Drugs for which
significant differences in dissolution rates have
bean .observed include caffeine, theophylline and
glutetﬁindde.

In each of these the anhydrous form dissolved more
rapidly. But, for fludrocortisone acetate and
succinylsulfathiazole, the solvated forms ‘dissolved more
rapidly than the non-solvsted forms (Shefter and Higuchi,
1963), Differences in biosvailabllity between anhydrous and

hydrated form of the amphoteric compounds, penicillin and
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ampicillin, have Dbeen eparted by Poole and Bahal,
(1668) .,

Complex formatic: is a mechanism that can
influence the blopharmact tical properties of a drug.
Drugs moy interact reve -lbly to form complexes with
substances occurring in the body, with other drugs or with
pharmacologically inactive components of the pharmaceutical
dosage form. Such a drug complex may differ in its
physico-chemical properties from the pure drug. For
instance, its ability to permeate bioclegical
membranes may become alt: ad., Such complexes are Lhus
pharmacologically inactive since dissociation prior to drug
absorption usually fails t. accur (Poole, 1979).

The effect of cmﬁplazatlon on drug absorption
depends on the magnitude o  the stability constant of the
complex. Frequently there .ay be little or no effect on the
rate of absorption and on the overall bioavailablity.
However, some drugs which are intrinsically poorly
absorbed can be converted to non-absorbable complexes under
certain circumstances and their bloavailability is further
decreased. Conmplex formation according to Poole (1979) can
be used in formulation of lossge forms in order to increase
solubility or stability of drug substances or drug
products. The drug comple: in such systems Is diluted in
the blological fluids afte - administration which results in

the dissociation of the ¢ m. ex with little or no effect on
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the averall absorpt ca properties of the active
compound,

The components i 2 dosage {form other than the
active drug substance mey influence the absorption and
subsequently the performince of a drug product. These
additives or excipients me+ either facilitate or inhibit the
absorptive  process. The .mportance of exciplents in the
determination of the final drug effect was clearly
demonstrated by an outbreak of phenytoin toxicity in
Australia. The toxicity occurred whan patients
previously maintzined in a stable dose of ‘'‘Dilantin’
capsules in which calcium sulphate hsd  been used as inert
excipient, were given capsi les (containing some quentity of
active compound) but witdh the calcium sulphate substituted
for lactose as 'inert' ex:ipient. Prgsunnbly, the inorganic
ion had complexed with planytoin reducng the absorption
(Vade, 1976).

The role of surfrce active agents is more complex
and not always easy to predict. These substances are
frequently wused to increase solubllity or act as
emulsificants, but they may ither increase or decrease
absorption depending on the agent, the quantity, the route
of administration, the drug in question and the
nature of the formulati n. It was reported that these
surface active agents mu: change the absorptive surface
itself in the small intes: ne, and that in other cases, the

agents promote micelle formation, +thus enabling Ilipid
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soluble substances to dis;e se in an aqueous medium (Vade,
1976).

The factors assdciated with formulation and
processing which may tfect dispersion, rate of
dissolution and subsequen®ly the bioavallability of drug
vary according to the type of preparation. Because tablets
are compressed, quick dispcision and dissclution of the drug
are more difficult to achieve. 't is generally accepted
that efficient disinte ration is an important
requirement for a tablet but it does not necessarily ensure
good dispersion and dissolution of the drug because the size
and nature of the partic'es which are produced are also
controlling factors. The mwt important factor is the rate
of dissolution of the drug from the disintegration
particles (The Pha ‘raceutical Codex, 1976).
Dissolution rate may itself ©be affected by the
granulation, or other miriag procedure; the degree of
compression and the presen:« of fillers, binders or surface
active agents.

Interaction between drugs and dosage forms
may influence the rate and externt of drug absorption. Such
interactions may be direct, as in chelation of tetracycline
by polyvalent metal ions, or indirect as with the increased
rate of acetaminophen (pori:~~tamol) absorption due to the
stimulating effect of metocl promide on the stomach emptying

rate. However, propanttaline reduced the rate of



_2,_".

aceteminophen absorption ty delaying the stomach emptying
rate (Welling, 1980),

The wvolume of c.-z Iministered fluid may have a
considerable effect on rug absorption. Although from a
purely physical view-poir:, drug absorption might be
expected to occur more readily from concentrated solutions
than from dilute solutions, the reverse appears to be the
case. The toxicity of varipus orally dosed organic acids and
bases, and also 1porganlc compounds 1n rats, was
greater from dilute solutions than from concentrated ones
containing the same amou.t of compound (Fergusaon, 1962),
while the pharmacological tctivity of sodium phenobarbitone
and also the circulating .«vels of salicylate, were greater
from dilute than from corcontrated solutions (Borowltz and
Moore, 1969). Increased dorug bloavailablity from dilute
solution may be related ‘¢ the tendency for a compound to
follow net mucosal to sirosal fluid flux when hypotonic
solutic: - are introduced into the gastrointestinal
tract, However, it may be related also to more rapid stomach
emptying of large fluid volumes.

Influence of food and specific dietary components on
drug absorption has been extensively reviewed by Velling,
{1977) Melander {(1978). ile 1eviews reflect the complex and
unpredictable nature of «¢rug-food interactions, and the
difficulty of establishin; patterns which may be used as
guldelines for optimum drig therapy. The presence of food

has been shown to decresse, delay, increase and often not



to affect drug absorpcion. Observed effects have been
influenced by the type of drug and dosage form, the nature
and size of meal, fliuic intake, the conditions of the
subject and the time «:quence between eating and drug
administration.

Aithough drug bioavailability studies are
routinely carried out in healthy human volunteers,
drugs are adnipistered in practice +to patients who
may  be suffering from a variety of 1illnesses.
Diseases concerning the cardiovascular systen, the
liver and the gas.rointestinal tract may alter
circulating drug or metabolite level after oral
dosing. Surgical removal of part of the
gastrointestinal tract roduces the absorption of mast
compounds, suggesting that patients who have
undergone such procedires may need to be monitored
carefully whan taking drugs whose absorption

effeciency is critic 1.



1.4 Relationship Betweau Bicavailability and
sissolution Rate

A dosage fcrm must provide a stable
enviroment during storage , so must it deliver the
active ingredient in a form available for
absorption upon administratiorn. Iz as much as oral
solid dosage forms must dissolve Defore absorption
can occur; dissclution testing provides the means
of evaluating this absorption phenomenon. The
results of dissolu.lon +testing are ugeful in
various ways dependiog upon the purpose for which
the test was perform:c.
13 In research e&ni development, dissolution
testing is perfor wd for assessing factors
governing the releazse of the active ingredient,
and more specifically for evaluating the influence
of excipeints or other processing. variables on
dissolution rate and hence on drug
biocavailability.
i1> During the early stages of product design,
dissolutlion rate tects done in conjuction with in
vivo absorption studisas can indicate the extent to
which the released characteristics of the dosage

form would influencc 1 lood levels of the drug.



_2- -

ii1) Vhere evidence ’‘or dissolution-rate limited
absorption exists, ronitoring changes 1In the
formulation, <{(e.g pesrticle size or salt form) by
means of dissolution ‘-ate test provides a rational
basis for optimizing a formulation.

As previously mentioned, the most widely
used dosage form owing to inconvenience and
economic factors involved in manufacturing, is the
compressed tablet.

However, tablet formulations also pose some
of +the most difficitlt pharmaceutical problems
which may 1influence the biloavalability of the
active ingredlent., one of +the majJor problems
encountered with tatlets is the decreased
effective surface arza of the active ingredients
as a result of granuleation and compression of the
drug particles. Unless a compact tablet readily
disintegrates and deaggregates when it comes in
contact with the body fluids, bioavaillability of
drugs from such dosage forms wusually become
reduced, It 1s now generally recognised that
biocavailablity problans may be anticipated from
drug products that hive slow dissolution rates in
water at 37<C. This slow dissclution may be
reflective of:-

(1> low solubility of “he active drug moiety
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(23 the {mportance 3. particle size or surface
area on dissolution of .he active drug
(8> presence of different crystal forms of the
drug,Iﬁnd
(4) the presence of inactive exciplents 1in the
drug product which  may interfere with the
dissoluvtion of the active drug.

Good correlation of in vitrc' dissolution
data with in vivo bivcavailability data may permit
the establishmaent wf a bicavailability

standard for the drug product based on iIn vitro

testing.

1.5 The Clinical Sign.ficance Of Diffarences
In Drug I oavailablity

A large aumber of factors have been
shown potentially to interefere with drug
absorption.The degree of change in clinical
response which may accompany altered drug
biocavailability is a function both of the drug's
mode of action and also the extent of
bicavailability wvariawe, 1t may be difficult +to
identify a clinical change with altered drug
bivavailability due to the many factors
contributing to, and the often subjective nature

of assessing clinical response,
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Navertheless, savaral reports have
documented actual chunges 1n clinical response
which have been assiciated with bloavailability.
Other reports have strongly suggested that changes
in the bioavailability of a particular drug would
have clinical implications. Most of these
compounds . have well defined blood or tissue level
for therapeutic effect, steep dose-response
relationships or narrow therapeutic indices, or
have suitable absorpt.)n or elimination mechanisms
(Azarnoff and Huffman 1976).

When consideriiy the clinical implications
of erg bicavailability changes, whether the cause
is a pathologlical <« indition, drug interaction,
product substitution «r any other factor, it is
appropriate to divide biocavailability. changes into
three mnajor groups: those which have definitely
caused changes 1in clinical response, those which
have not been shown to cause clinical changes but
are highly likely to do so, and those which could
bring about clinical changes in extreme

sltuations,

1) Bicavailability ckﬁngas which have caused
alterad clinical raspaonse.
Instances wher«¢ marked clinical changes

have been associated with impaired drug
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bicavailability, due either to product
substitution eor formulation changes have been
described for hydrochlorothiazide <(Tannenbaum et
al., 1668>, chlorothiazide and spironolactone
(Shaldon et al., 19€3', phenytoin (Eadie et al.,
1968; Tyrer et al., 1970), indomethacin (Katz et
al., 1968), tolbutaride (Carter, 1963), digoxin
(Lindenbaun et &L 1961) and dicoumarol

(Lozinski, 1960).

2) Biloavailability chinges which are likely to
have clinical effects.
1If a drug mee's any of the aforementioned
criteria, it 1is 1likely that a change in drug

bloavailability will have a measurable clinical

effect. Included am-ngst these drugs are the
cardiac glycos: des, anticoagulants,
antihypertensive agents, anticonvulsants,

antineoplastic agents and inorganic ions such as
lithium. However, in t.e majority of cases, levels
of these compounds i21 the body greatly exceed tre
minimum required for activity, and small changes
in blocavailability are unlikely ta be of clinical

significance.
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3> Bioavailability changes which may have
clinical effects.

A clinical change will occur for all drugs,
provided that the =zlLange 1n biocavailability is
sufficiently large. fspirin is considered to have
a wide therapeutic i1alex, but zero absorption of a
perticular formulat:or of this compound (Morrison
and Campbell, 1960) 1is clearly significant. The
clinical effect mav be altered by changes in
elither the rate or extent of drug absorption.
Changes in absorpiion rate are more important for
drugs with short blological and pharmacological

duration, but the effect tends to be attenuated

with repeated dosing.

1.6 Pharmacokinetics

Pharmacokinet:cs is the study of the rate
processes associa.ed with absorption,
distribution, metabclism and excret?un of a drug,
i.e. quantitating drus; and/or metabolite(s) levels
in body fluids, tissues and excreta at any point
in time from the moment of administration until
elimination from the body is complete (Kaplan and
Jack, 1980). The primary standard of a
pharmacokinetic study 1s based upon +the data

obtained following intravenous administration.
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Since the entire dose administered 1is placed
directly into the blood stream following
intravenous administiztion, the pharmacokinetic
parameters obtained ere unaffected by all the
potential rate-limitlag and metabolic factors
assoclated with drug absorption following other
routes.

In pharmacokinatics, attempts are made to
describe a biologlce]l event(s) in mathematical
terms, usually by developing mathematical models
to represent the body as a system of compartments,
even though these compartments often have no
apparent physiologic or anatomic reality. The
one-compartment model, the simplest model, depicts
the body as a single homogenous unit. This model
is particularly useftl for the pharmacokinetic
analysis of blood, plesma or serum concentration,
salivary ‘and urinary excretion data for drugs
which rapidly distritucte between plasma and other
body flulds and tissues upon entry 1into the
systemlc circulation,.

To assume the body behaves as a
ano-cympartment nmode! does not necessarily mean
thaththe drug concentrations in all body tissues
at any given time are the same., However, a
one-compartment model does assume that any changes

that occur in the plzsma quantitatively reflects
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changes occuring in tissue drug levels, A second
criterion for utilizing a one-compartment model is
that drug elimination cacurs from the body in a
first-order fashion (1.e., the rate of elimination
of drug from the body at any time is proportional
to the amount of drug in the body at that timel.
The proportionality constant relating the rate and
amount is the first-order elimination rate
constant which has units of reciprocal time (for
exanmple, nin—?, hr—72 (Gibaldi and Perrier,
1975b) .,

Half-life is one of +the most useful
pharmacokinetic parameters obtained following drug
administration. The half-life of a drug is simply
the time required to .‘educe the post-absorption
concentration of a drvg in the blood stream by
fifty percent (Wagner, 1980; Gibaldi and Perrier,
1975b). This parameter is calculated by dividing
0,693 by the calculated slope of each exponential
phase of multiphasic bhlood level curve. Another
pharmacokinetic parameter in frequent use 1is the
area under the curve of blood level versus time,
The method of calculating area are discussed by
various authors {(Wagner, 1967; Gibaldi and
Perrier, 1975¢c). Many authors have used area
analysis to develop a nharmacokinetic pathway and

to obtain the rate coustants assoclated with the
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proposed pharmacokinetic model. Total clearance is
the sum of individual clearances of the drug by
the various organs and tissues. The volume of
distribution (Vd) 1s inversely proportional to
blood level, i.e., the larger the wvolume of
distribution the rore extensively the drug
distributes from the b.ood stream into the various
tissues, organs, and binding sites of the body.
There are various way: of calculating Vd depending
upon the pharmacoki.etic profile of the drug

(Gibaldi and Perrier, 1975b).‘



CHAPTER TWO

GENERAL ULITERATURE REVIEW

2.1 History and Chemistry

Acetanilide was introduced into medicine as
an antipyretic under the name of 'Antifebrin'. It
proved to ©be much more toxiec than sodium
salicylate and less dangerous compounds were
therefore sought, Because it was thought
(erroneously, as was later shown) that acetanilide
owed 1ts antipyretic action to its conversion in
the body to p-amincphenol, derivatives of this
last named compound waire exanined. P-aminophenal
itself proved to be as toxic as acetanilide but
toxicity was reducec 1if the hydroxyl or amino
group received alkyl or acid substituents
respectively., The most wuseful compounds thus
produced were acetophenetidine (phenacetin) and
N-acetyl-p-aminophenol paracetamol). But
phenacetin is metabolised in the body to

paracetamol (Crosslani 1980).
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Acetanmide, N-({4-hydroxyphenyl-, N-acetyl-P-
anincphenol; Paracetamol?,

Paracetamol, like salicylanide, is weakly
acidic due to the hydroxw' ~roup directly attached
to the nucleus. Because of the resonance, the
oxygen atom of the OH group acquires a paositive

charge and so proton release is facilitated:
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Considering the -NHCOCH: side chain, the
lone pair of the NH: group enters into
resonance with the carbonyl gEroup, and
consequently resonance with the ring is strongly
diminished. This gives the drug a very weak basic

character.

-
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:The antipyretic acitivity of the compound
rasidaé in the anminobenzene structure.
Introduction of other radicals into the hydroxyl
group of para-aminophenci and into the free amino
group of aniline reduces toxicity without loss of
antipyretic action.

Best results are obtained with phenolic
alkyl ethers (ethyl in phenacetin’ and with the

amide (acetyl in phenacetin and acetaminophen).
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2.2 Absorption and Metabolism

Paracetomol 1is generally readily absorbed
from the @gastrointestinal tract after oral
administration, The concentration in plasma
reaches a peak in about thirty minutes to one hour
and the therapeutic half-life is approximately
three hours (Swinyard, 1980, Paracetamol is
generally absorbed from the stomach and the
intestine (Jaffe et al, 1971). WVeikel and Lish
(1969) found that in rats paracetamol is absorbed
from the stomach and all portions of the small
intestine and that it is relatively insensitive to

changes in gastric emotying rates.

Factors Influencing Absorption Of Paracetamol

Erom the Gastrointestinal Tract
It is generally recagnised that
admin&stratian of drugs by the oral route a short
time before or after wmeal may alter absorption of
the drug from the pastrointestinal tract,
Generally, meals have been reported to retard
absorption (Jaffe et al, 1971). Certain specific
dietary components can significantly alter the
absorption pattern of orally administered
paracetamol. A preceding meal of high fat or

protein content or & balanced test-meal did not
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delay sigﬁificantly absorption of paracetamol
whereas a high carbohrdrate meal, especially one
with large amounts of pectin, reduced absorpiion
by 60 - 76% in the first 1.5 hours compared with
the fasting state (Ja?fe et al, 1971).
| McGilveray and Xattok (1972) studied the

effect of food and sieep on the absorption and
excretion of ] a-acetamol. Conconitant
adminlistration of food produced 1little effect on
the extent of 1ts absorrtion. Less paracetanc! is

absorbed and excreted when the drug was taken
“f '

before sleep than after morning ingésticn. They
are, however, not sure of the cause of the reduced
absorption, -

. Chiogu (1975 reported +that fooud could
siﬁnificantly reduce the absorption rate and peak
btlood levals of paracﬁtemul in humang; 1t had no
significant effect on +otal bicavailability, as
indicated by slmiler areas under blood
concentration curves of paracetamcl, He suggested
that differenves 1in +fhLke contribution of the
first-pass effect Tar rectal and orally
administered paracetamo) would not be of clinical
significance.

1f paracetamol is metabolised appreciably
during$ absarption, its systemic availability

shouldﬁ be relatively 1lncreased by adminlstering
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its precursor, acetophenetidine, which has its
phenolic group blocked and therefore protected
from conjugation in the gut wall (Levy, 1971).

Paracetamol is ralatively uniformly
distributed throughout most body fluid (Flaower et
al.,FIQBE). Gwilt et al (1963) demonstrated that
paracetamol is dist:ibuted evenly in all tissues
with the exception of fat 1in dogs. The main
metabolic pathway of paracetamol disposition is by
conjugation to the glucuronide and sulphate
(Cummings et al., 1207; Levy, 1971; Levy et al.,
1975; Ramachander et al., 1973; Levy and Regardh,
1971; Levy and Yamad~», 1971; Mitchell et al., 1974
and Mrochek et al., 1574.).

In normal subjects, less than 50% of
paracetamol is wusvally excreted 1in the urine
while +the rest 1is eliminated largely as the
glucuronide and sulpahte conjugates (Cummings et
al., 1967; Levy aancd Regardh, 1971; Levy and
Yamada, 1971; Mitche.l et al., 1974 and Mrochek et
al, 1974.),

Studies have been conducted on the
elimination of paracetamol and 1its metabolites.
Results 1indicated that after oral administration
of 1g dose of paracetamol, the average recovery of
drug in all forms was 92%, mostly as acetaminophen

glucuronide and acetaminophen sulphate which are
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non—-toxic (Figure 5). Only 3.4% of the dose was
recovered as free paracetamol (Levy and Yamada,
1971; Miller and Fischer, 1974 and Prescott,
1971).

The normal plasma elimination half-life of
paracetamol is about 2hr, but can be considerably
longer after massive dese (Prescott et al, 1971).
Paracetamol is the major metabolite of phenacetin
and acetanilide (Batty and Robinson, 1977). Miller
and Fischer (1974) concluded that rat is not an
appropriate animal model for paracetamol
metabolism in humans., Paracetamol appears to be
excreted in the urine primarily as acetaminophen
sulphate when administered +to rats in doses
comparable ta human doses, In caontrast, tha
glucuronide conjugate constitutes the largest
fraction of the dose of paracetamol excreted in
the urine by humans. lowever, chlldren have less
capacity for glucuron'dation of the drug than do
adults,
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The ratio of @glucuronide and sulphate
metabeolites varies widely between the different
specles; mice excre:n more glucuronide than
sulphate (Dybing, 1675), Administration of
paracetamol with single and multiple doses of
aspirin produce nc effect on paracatamol
metabolism in man (Amsa' and Davison, 1972).

Excretion rate of +the glucuronide and
sulphate metabolites of paracetamol was reduced
after administration of salicylamide, and
paracetamol reduced the formation of ﬁha sulphate
metabolite of salicylamide (Levy and Yamada,
1971>. Ascorbic acid caused a significant decrease
in the fraction of jperacetamol excreted as the
sulphate and a siganilficant increase in the
fraction excreted as paracetamol and paracetamol
glucuronide, but it had no effect on the recovery
of total paracetamol 1.e the sum of paracetamol,
its glucuronide and 3ts sulphate (Houston and
Levy, 1976).

Since paracetamn]l is eliminated largely by
conjugation with glucuronic acid and sulphate,
Lowenthal et al (1976) concluded that that the
kidneys do not contribute significantly +to the
formation of these wretabolites. They mentioned

that anephric patien's, unlike normal subjects,
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showed pronounced acc:i:mulation of acetaminophen

glucuronide and sulphate in plasma.

2.3 Therapeutic Significance cf Paracetamol

Paracetamol is one of the most frequently
used mild analgesic and antipyretics (Repta and
Hack, 1973; Plankogiannis and Saad, 1978; Chiou,
1975; Levy, 1971 end Swinyard, 1980). The
antipyretic analgesics are widely used to relieve
low intensity pain and reduce fever. They are
effective in treat: ng pain arising from
intergumental structuras and malaise associated
with viral infections especially those components
assoclated with heada:le and muscle aching (Bonica
and Halpern, 1972). Paracetamol is particularly
useful as an analgesic-antipyretic in patients
sensitive to aspirin, It rarely induces untoward
effects and is  usually well tolerated by
aspirin-sensitive patients.

Paracetamol may reduce the post traumatic
inflammatory response and may be preferable to
acetylsalicylic acid 1n bilateral oral sugery
(Lokken and Skjelbred, 1980). However, paracetamol
is therapeutically ianferior to both indomethacin

and aspirin in the treatment of rheumatoid
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arthritis (Watson et al, 1975). Paracetamol does
not produce any cﬁqurmulity indicative of an
adverse reaction in_therapeutic doses and in the
presence of chronicliiver disease (Benson, 1983),.
The effective serumn <oncentration of paracetamol
for analgesia and art.pyresis is 10 - 20 microgram
per ml and is usual s attained after single doses

of less than 2g 1is taken orally.

Mechaniem of Action

Fever, such as those praoduced by bacterial
endotoxins or viruses, are probably caused by
endogenous pyrogens .erived from polymorphonuclear
leucocytes. Endogencus pyrogens act directly upon
the thermoregulatory neurones in the hypothalamus
to | increase the ‘set-point’ temperature
(Parkhouse, 1979). Paracetamol inhibits the enzyme
prostaglandin synthatase in the brain. By
preventing the biosyrthesis of prostaglandin, the
antipyretic analgesics could "inhibit the
generation of prostaglandin E type substances by
pyrogen, a praocess necessary for an increase in
the ‘'set-point’ temperature (Flower and Vane,
1972>. There is evidence to suggast that
paracetamol may be 7nire effective against enzyme
in the CNS than those¢ in the periphery. This fact

may partly account f3- {ts well-documented ability
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to reduce fever and to induce analgesia, effects

that involve actions on neural *tissue (Flower et

al., 1985).
2.4 Toxicity
In recommaended therapeutic dose,

paracetamol 1s usually well tolerated. Skin rash
and other allergic reactions occur occasionally.
The rash 1is usuvally orythematous or urticarial,
but sometimes 1t is more serious and may be
accompanied by drug fever and mucosal lesions
(Flower et al., 16858, Vhen high doses are
ingested, paracetamol undergoes N-hydroxylation to
form N-acetylbenzoquinoneimine, a highly
reactive intermediate. This metabolite reacts with
sulfohydryl groups 1in proteins and glutathione.
(See Figure 6).

Vhen hepatic glutathione is depleted, after
massive single doses, the excess reactive
arylating intermedist: covalently binds to wvital
hepatocellular macromclecules, leading to necrosis
(Flower et al, 1985), The continuing problem of
acute hepatic mnecrosis following paracetamol
overdose has been reviswed (Barwick et al, 1976;

Fernandez and Brito, 1977; Boyer and Rouff, 1971;
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Byer and Traylor, 1982 and Rcaanberg'and Neelon,
1978). Children have hitherto been considered to
be relatively resistan. to the hepatotoxic effect
of paracetamol and severe liver damage was thought
to be very uncommon, (ne possible explanation is
that its metabolism in children is different, with
a greater proportion ©Deing converted to the
sulphate conjugate (Prescott, 1680).

Severe hepatic damage was likely 1f the
patient had vomited or had a stomach washout
within six hours of paracetamol overdose (Gazzard
et al, 1977). A toxic reaction of paracetamol on a
patient's ©bone marrow has been reported by
Mackinnoon and Menon (1974).

Intravenous N-scetylcysteine is now
considered the treatment of choice for
paracetamol poisoning. It is more effective than
intravenous cysteamine cr methionine in preventing
liverr damage. It alsec prevents renal failure and
death when given within ten hours o©of ingestion
(Maurer and Zeisler, 1978; Jacobsen and
Viik-Larsen, 1981>. Prescott and Mathew (1974)>
reported that cysteamine is the treatment of
choice for paracetamol poisoning, but.tha safety

of cysteamine in man is yet to be established.
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From studies in patients with paracetamol
overdose it was found that severe hepatic lesions
occurred when the plasma paracetamol
concentrations reachec more than 300 ug per ml
after four hours; noiw occurred in patients with
concentrations of le.s than 120 pg per ml. There
was no evidence of " iver damage in 11 or 12
patients with plasma concentrations of less than
S0 ug per ml at 12 hours, but hepatic necrosis
developed in 16 of 18 with concentrations greater
than 50 ug (Prescott <t al, 1971).

Symptoms of overdose 1include vomiting,
gastrointestinal haemorrhage, liver damage,
cerebral ocoedema ani. renal tubular necrosis.
Hyperglycaemia and hypoglycaemia have been
reported after overcose with paracetamol and
hypoglycaemia has followed a therapeutic dose in a
child. Liver necrosis may be fatal several days

after overdose (Martiiiale, 1982),



2.5 Assay Methads

While the need to determine potency may
almost always be i1ltimately related to health
services, the immediate purposes of particular
assays may vary gre:stly., The type and design of
assay procedure enmployed vary according to the
concentration and the medium of analysis.

Several metaods for the quantitative
determination of paracetamol as such and 1in
pharmaceutical preparations are available. Most of
them are colrimetric and require the hydrolysis of
paracetamol to F 2minophenol. The earliest
colorimetric assay c¢f paracetamol 1in plasma was
proposed by Brodie and Axelrod {(1849). After acid
bydrolysis, the formed p-aminophencol is diazotized
and coupled to alpha~-naphthol, and the azo dye is
measured by specti cphotometer, The method 1is
nnn—specific and time consuming (Wallace et al.,
1973>. Other procedures utilise the reaction of
p-aminophenol with NaNQz~HC1 to form  the
coloured 2-nitro-p-aminophenol (Chambers and
Jones, 1976; Glynn and Kendal, 1975; Wiener, 1977>
and : with Vanillin +to a stable imine with an
absorbance maximum ac 395 nm (Plankogiannis and
Saad, 1978). These procedures resulted in good

selectivity for ra-acetamol. They found no
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interference from the sulpbate and glucuronide
conjugates of paracetamol.

P-aminophenol <can also be coupled with
phenol in the preserce of hypobromite to form an
indophenol dye <(Welca and Conney, 1965) which may
be 1interfered with by ascorbic acid (Swale,
19773,

Chafetz et al (1671) described a silimple
and selective ccolorimetric assay for paracetamol
and its tablet preparations in which the drug 1is
measured as 2-nitro-4-acetamidophenol after
reaction with nitrous acid, Daly et al. (1972)
adapted the method of Chafetz et al. (1971), using
an automated assay procedure. The method gave an
excellent recovery data with commercial
paracetamol formulat:cns. Inamdar and Kaji (1969),
working separately, dissolved paracetamol in
methanol and treated it with hydrochloric acid and
sodiuvm nitrite +to obtain a stable yellowish
derivative. The method gave satisfactory results
and it works with all usual dosage forms of
paracetamol, in usual combinations.

Prescott (1971) reported a sensitive and
spnc%fic method for the estimation of phenacetin
and ?aracetamcl in wlasma and urine by a G,L.C,
technique wusing +triweethylsilyl derivatives. The

disadvantages of th'es method are that it has a
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significant time requisite and nbsoluta.dryness is
required to achieve an effective silanizing
reaction (Hosoya and Oka, 1969; Wilkson and WVay,
1969).;

Gotelli et al. 1977) reported a reverse
phase H.P.L.C. assay of paracetamol with U.V,
detection at 254 nm; it requires only 0.1lml plasma
with &a sensitivity of 0.5 HE .paracataml
per ml and analysis time of 5 minutes. The
extraction technique 1is rapid and 1includes
acatoacetanilde as the internal standard. Of 36
other drugs tested, only theophylline interfered
with the determination uf paracetamol. Horwitz and
Jatlow (1977) also en>ioyed an octadecyl silica
reverse phase column. Horwitz and Jatlow (1977)
included an ether extraction step and repocrted no
assay 1interference by +heophylline. This may be
due to the ether extraction step rather than the
ethyl acetate used by Cotelli et al., (1977),

The recovery of paracetamol was ©65% with
ether and above 80% with ethyl acetate. Addition
of silylation of the octadecyl silica phase in
order to mask frea Si-0H functions improves the
separation of paracetamol and its metabolites from
endogenous substances in urine (Knox and Jﬁrnnd,

1977).
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Blair and Fumack €1977) described a
microscale H.P.L.C. 2zssay for paracetamol on a
cation exchange c¢olurm requiring only 1.5 pl
plasma. The retention “imes of paracetamol and its
internal standard, N-oLutyryl- p- aminohenol, were
30 and 50 minutes iespectively, a circumstapce
that 1imits the applicability of +this assay (

Sadee and Beelen, 1980),

2.6 Oblectives and Scope of the Study

" The influx of imitation drugs into our
country has Dbeen reported (Pharmanrews, 1983).
Analysis by some pharnaceutical companies showed
that most of these dfuga contained lower and in a
few cases, higher percentage of +the active
ingredients. Some wer.lfound to contain no active
ingredients at all.

In some cases, there is virtually nothing
to distinguish an imitation drug from the original
product as both brand names and packs are found to
be similar in all respects. An example is the
imitation of ICI's Tetmosal' antiseptic soap
which did not contaia the active ingredient,
monosulfiram. Furthermir-e, some products found in

the market, have 1 Aames like "Telamycin",
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"Terrimycin" and "Teramycin", all of which
resemble Pfizer's "Terramycin". The company's
VIBRAMYCIN has also been copied as
"Neora-vibramycin". Imitation drugs such as
"Ketras", "kentax" and “jetras" have been designed

to simulate ICIl's brcad spectrum antihelmintic
"Ketrax".

The manufacture:'s have been unable to take
any effective action against such widespread drug
imitations because of "heir inability to trace the
sources, It is belinved that most of them are
imported into the country from Asian and Euraopean
countries in collaboration with some local
businessmen,

Due to variations 1in the manufacturing
processes from different manufacturers, different
brands of the same druyg may not contain the same
amount of active ingrellent, although they may all
meet other official requirement. The overall
effect is that a patie:t changing from one brand
to another may not oYtain the desired effect at
the required time.

In order -0 exert a required
pharmacological effect, a drug must be absorbed
and np a rate and to an extent that will produce
nduquﬁ;s drug concentrations at the site of

action.
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. It has now become apparent however, that
the assurance of the pharmaceutical equivalence
does not always ensure equivalent biolecgical
performance of drug products, Thus identical
dosage forms containing equal amounts of active
ingredients and confcoraing to official standards
may not provide active drug tc the body in an
identical fashion. Similarly drug products that
are pharmaceutical equivalents may not be
"bioequivalent drug products". The major cause of
differences in absaorption of drug from various
fermulations is in the dissolution rate profile.

Considerable efforts have been expended on
the development of In vitro method capable of
predicting in vivo |Tbioavailability of drug
products. To date, nc one has developed a single
system or model that can universally permit such
predictions. Good correlations of in vitro
dissolution data with Jin vivo bioavailability data
may permit the estab.ishment of biocavailalbility
standard for the drug product based on in vitro
testing.

The abuse of +the analgesic-antipyretic
drug, paracetamol may lead to hepatic necrosis.
This danger coupled with the drugs widespread use
and incréaeing impo~tance due to the recent

dangers attributed tc the use of acetylsalicylic



acid, necessitates srecific and rapld detection of
the compound in biolcgical specimens.

This study 1s cdesigned to investigate the
presence of and the percentage of +the active
ingredients 1in thirteen brands of paracetamol
tablets and five bra.ds of paracetamol syrup. The
release rates of the thirteen lots of paracetamol
tablets will be examined by means of USPXVIII
Rotating basket method. The work also intends to
carry out in vivo bicavailability and
pharmacokinetic stv lies of some brands of the
paracetamol tablets In serum and saliva using
healthy human subjec:s. The in vivo data will be
correlated with the in vitro release rate of these
tablets.

The study will employ a quantitative U.V.
specérophutometric technique for determining
paracetamol 1in tablets, U.S8. P, (1980) method for
determining paracetamol in syrup and an adaptation
of a simple, rapid and selective colorimetric
estimation of paracetamol in tablafs, serum and

saliva,



CHAPTER THRLE

MATERIALS AJD METHODS

3.1 Drugs

Paracetamol B.P:. S00mg per tablet.

| Compound | Manufacturer | Batch No, | Designationl

e f=mm e e : | -mmmmmmmnn |
Calpol Vellcona Nigeria Limited, Oba  UN/TB3/A Al

Akran Avenue, lkeja, Lagos

Painax CIBA-GEIGY, S, A, Barcelona, 1005 A2
Spain, for Swiss Niger.a Che-

nical Company, Lagos, Wi aria

Panadol Vinpharm (P Sterling-'inthrop  FLOO71/5074 A3
House, Onslow Street,

Guildford, Surrey,

Mycetamol Lek Yugosiavia for C.0.A 076872/4 Ad
(Pharmaceutical Division),

Lagos, Nigeria

- T



BN Hambueg, W, Garmany

¢ Compound | Hanufacturar ' | Babteh Na. | Desigrationi
i e fommee et
Paranol Biode Pharmaceutical Industiries L22B AS
| Limited, Lagos, Nigeriail
fcamal Tkaphare, Dizengoff, ¥ §,,. 011862 A6
Nigeria Limited, o
Ramidol Ranbaxy (India) WF, Rarh.xy 45485 a7
¥ontari Nigeria Limited
finagol Bareva Pharmaceutical Linited 00368 AR
Blugbo Close, Shasha Road,
~ fRkowonjo, Dopemu, Lages Nigeria
Paracetamol Southshourns Ltd,, 155 >raed 0401/506 A9 "
B.P, Street, London W2 1AL
| Yy
Paratetamol Harris Pharmateuiical Lié.; 113 AIY
B.P, London
Paracetamol Helm Pharmaceuticals, G, M.BH 5521004 All
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§ Compound | . Manufaciurer i Babch No, 1 Designationi
l ( : -1 b [
Paracetamel H, N, Morton and Co,, .t4, 41241 A

: N T , :
Paracelanol The Wallis Laboratory, 1} Caa- 50568 .. AR
B, ford Vay, Luton LU3 304
aracef :8) Syrup o '
Paradol Willinger Pharmacy and Gen, 0137 oo él '
Enterprises (Nig} Lid, 46

Yoruba Road, Sabon Gari, Kano

[
T .

Nycetanol Houry International Cattoditias B52113 Sz
Nigeria o | '
Pancano] Embechem Limited, Ika. i _ 2 N
% lagos, Nigeria e
Rewidol" Ranbaxy Monmiarj Nig, 't 3588 -7
Sango-0tta, Nigeria |
Calpet Wallcome Nig, Ltd,, Dia UN/285/8 ge

Akran, fAvenue, lkeja, Lagos

' & ol of Remidol syrup = 31,28mg’ri' all ethars = 24 mg/ni
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3.2 Equipment

SP8 - 100 Ultreviolet spéctrophotcmeter
(PYE-UNICAM LTD, Yor': Street, Cambridge, England
CB1 2PX)

BRVEKR dissolution e#pparatus and accessories,
Erweka Appatebau G.M.B.H. 6056, Heusenstamm Kr.
Offenbuch - Main

Analytical balance, Type H35 AR Mettler,
Gallenkamp

Silica Cuvettes B.S. 3875.3 10 mm F.O.

Thermometer - 31/3 Quickfit

Reagents
Hydrochloric acid - Analar grade (BDH Chemicals,

Poole, England)

Sodium Hydroxide pellats - (BDH Chemicals, Poole,
England),
10% Sodium Nitrite - (May and Baker Ltd.,

Dagenham, England)
15% Sulphamic acid - «(BDH Chemicals Ltd., Poole,

England
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10% Trichloroacetic acid - (BDH Chemicals Ltd.,
Poole England)

Chloroform - Analar grade (BDH Chemicals Ltd.
Poole, England)

Diethylether - Analar grade (May and Baker Ltd.,
Dagenham, England)

Sodium Hydrogen carhocate - (G.P.R., Hopkin &
Williams, Chadwell Heaich, Essex, England).

Sodium Carbonate - (G, P.R., Hopkin & William,
Chadwell Heath, Essex, England)

Methanol - (G.P.R., Hopkin & William, Chadwell

Heath, Essex, England).

3.3 a.1 Chemical Assa -’ (Spectrophotometric method)

Twenty paracet. .ol tablets were accurately
welghed and the avern e weight determined . They
ware powdered and a quantity of +the powder
equivalent to 0, 15g cf paracetamol was weighed and
added to 50ml of 0,1F NaOH in a 200ml flat bottom
flask, diluted with 1) ml of water, and shaken for
15 minutes. Sufficient water was added to produce
200ml. The solution was filtered, 10ml of the
filtrate was diluted to 100ml with water. 10ml of
the resulting solution was added to 10ml of O0,1M
NaQH, diluted +to 100ml with water and the

absorbance of the re s lting solution measured at






