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ABSTRACT

Twenty (20) Hospitalg/Clinics, thirty (30) registered Pharmacy shops and one
hundred and twenty five (125) Patent medicine stores were screened for their storage
facilities in Zaria areas. Two of each of drug storage areas with sub optimum storage
facilities (lack of functiona ceiling fan and air condition, direct sunlight into premises,
cracks in the ceilings and walls, improper ventilation and exposure to dusts) were then
selected for the study. The average consumption rate of 1000 tablets per month was
obtained in these areas screened. The paracetamol tablets used were stored for two
months in these areas. Samples taken before exposure (controls) and after two months
exposure (test samples) for in vivo studies. The brand of paracetamol used passed dl
quality control anayses.

Twelve (12) hedthy young adult mae volunteers with average age of 27.67 years
and average weight of 66.67 kg took part in the study. Each volunteer was administered 1
g of paracetamol tablets oraly and blood sampled at O, 5, 10, 15, 20, 30, 60, 90, 120, 180,
240, 300 and 360 mins,

A reliable, ragpid and simple, calorimetric method was used for plasma
concentrations determination. Student t-test table was used to compare tests results to
control for data analysis. P value less than 0.05 is significant.

Blood levels derived from tablets obtains from the storage areas fitted to first order
kinetics. There is statisticaly significant differences in pesk plasma concentrations (P <
0.05) in most areas studied compared to the controls. Time taken to attain peak plasma
levels (tya) remainsthe same in dl the storage areas and is 0.33 hr (20 mins.) Areas under
the curve from zero to infinity did not show any datisticaly sgnificant differences (P >
0.05) in most areas studied. There was bioequivalent in dl areas studied compared to
controls, since the differences in their relative bioavailahilities satisfied the standard
requirement of not more than 25%.

The sub optimum conditions have shown variable kinetics of other parameters such
as volume of distribution, plasma clearance, absorption and dimination rate constants, lag
time, dimination and absorption hdf lives. These differences could be due to individua
variations as shown in other smilar works. This study has therefore shown that these
storage conditions have no dgnificant effect on the pharmacokinetics of paracetamol

tablets.
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CHAPTER ONE

1.0 INTRODUCTION

I.1 PHARMACOKINETICS

,; .; ‘.. '\ LR :'- e T -t‘; .-

o dlstnbutlon metabohsm and excretmn of" a drug, ie. quantltatmg drug and or metabohneb

a levels m body ﬂmds tlssues and excreta followmg adnumstration urml completely

_.] ..., A

"removed from the body (Kaplan and Jack 1980) It deals mth changes of dru0r

* concentration in the different body fluids and tissues in the dynamic system of liberation,
absorption, distribution, body storage, binding, metabolism and excretion following drug
administration. Therapeutically, clinical pharmacokinetics are useful in selecting and
adjusting drug dosage schedules and to facilitate the interpretation of measured serum
- con‘centration of drugs.

Drugs once absorbed, disperse to various areas within the body including the
targét organs, thél .pllasma anld tissue binding siteé. and the 6rgans of elimination. The rate
of distribution into a tissue depends on its vascular perfusion, the permeability of the tissue
membrane to the drug, and the relative partinoning of drug between tissue and blood.

The main standard of a pharmacokinetic study is based on the data cbtained
following intravenous admimstration. This s because the éntire dose administered is
placed directly into the blood stream The pharmacokinetic parameters obtained are
therefore not affected by rate-limiting and metabolic factors which are potential
possibilities with drug absorption following other routes.

Basically in Pharmacokinetics, the approach is 10 fit experimental data on drug

concentrations in plasma to a mathematical equations that represent the flow of drugs and
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their metabolites through discrete compartments of a model system. This results in a
precise description of drug disposition which can have major clinical applications.

In order to derive mathematical equation for pharmacokinetic studies, there are
several assumptions that have to be made Firstly, drugs enter the system only via the
central compartment and are eliminated only from that compartment. Secondly. reversible
transfer occurs between central and peripheral compartments and thirdly the exit of drugs
from all compartments in the model is described by first order kinetics (i.e. the rate at
which a drug is removed from a compartment is directly proportional to the
concentration in it). All three assumptions are relatively valid for most drugs. The majority
of drugs enter the body via the blood stream and are eliminated from the blood stream by

the liver or kidney. Similarly, most drugs are eliminated by first order kinetics.

.11 Single - Compartment Model

The one-compariment model, the simplest model, depicts the body as a single
homogenous in entity This model is of use in pharmacokinetic analysis of blood, plasma
or serum concentration, salivary and urinary excretion data for drugs which rapidly
distributes between plasma and other body fluids and tissues upon administration into the
systemic circulation. One-compartment model does assume that anv changes that occur in
the plasma quantitatively reflects changes occurring in tissue drug level In one-
compartment model, first-order kinetic of drug elimination occurs (ie the rate of
elimination of drug from the body at anv point in time is proportional to the amount of

drug in the body at that time). The proportionality constant relating the rate and amount is



LU
P I,

the first-order elimination rate constant which has units of reciprocal time (e.g. min™, hr') _

(Gibaldi and Perrier, 1975), P e e

ik

Assuming instantaneous distribution after an intravenous (Iv) injection of a drug

into this model (fig. 1.1.1), the concentration C; in the plasma immediately after injection
s é'qliﬁ'l to the dose D divided by the volume of the compartment Vd:
Co = D/Vy

Central coi‘npartment

Volume = Vy .
. ' . Elimination
—— G (metabolism and
excretion)

Drug dosage

Fig. 1.1.1: Single Compartment modct

After instantaneous distribution, the concentration will fall according to first-order
kinetics which means a constant fraction of drug is eliminated per unit time. Thus, a plot
of plasma drug concentration against time, with each unit representing the time for one

half of the drug to be eliminated (t.. ), results in an exponential curve:
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Plasma
Concentration 130
arithmetic
scale
100 —
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Fig. 1.1.2 exponential - decav graph for single compartment model.

Replotting this with concentration on a logarithmic scale results in a straight line -

1!

Co =1

3N —

Plasma 166) —~

Concentration

Log scale

%) —

40—

20 ~

=t e e, et Y )

Fig. 1 1.3 Semi - log plot of concentration against time for single compartment model



If the graph is extrapolated to a time - zero gives the theoretical initial

I L

concentration Co. By applying first order kinetics between drug concentration and time,

the decline in drug concentration may be expressed mathematically as below

Where: C; = Concentration
B = Rate Constant of elimination
Integration and conversion to logarithms to the base 10 gives:

2303

togC =logC, -

1.1.2 Two Campartment Model.
The concentration - time curve of a drug in plasma is often not a straight line on a
'semi logarithmic plot. If distribution of the drug is so slow that it cannot be disregarded. a
model must then be considered which contains a central compartment and at least one

other peripheral compartment.

Centrai Compartment Peripheral Compartment
Kiz K;» = ransfer rate
B ~— constanis.
l""-___,_______ v, V. K+ = between the
dose Ky - hvp compaaments

:

Elimination



A+B .

Toegl:

[N

/Dist'ribulion or «x-phase

N Plasm
~ Concentration
e log. seale

£

S

Eliminaticn or f-phase

time

Fig. 1.1.4: Plasma log-concentration-time curve for a two-compartment model.

Even though these compartments lack physical or anatomical reality, for many
drugs the central compartment represent the plasma or blood volume. together, with the
extracellular fluid or highly perfused tissuesl such as heart, lungs, liver, kidneys and
endocrine glands. Drugs distribute within a few minutes through this compartment and
equilibrium between plasma and tissue is rapidly established. The peripherﬁl compartment
is then formed by less perfused tissues such as skin, muscle or adipose tissue in which
drugs enter more stowly. The combined effect of two compartments give rise to bi-phasic
curve on LV, injection with two distinct linear portions when drawn on a semi-log scale
{see fig. 1.1.4).

Although drug distribution is slow, it is usually much faster than elimination. Thus
the initial rapid fall in concentration (u - distribution phase} mainly represents the
relatively rapid process of drug distribution from central to penpheral cornpartment. Once

distribution is complete, the curve enters the relativelv stow B or elimination phase during



which drug disappearance is determined mainly by irreversible elimination from the
central compartment.

1.1.3 Modification for Oral dosing

In considering oral dose, an additional absorption compartment is introduced into
the model to represent the volume from which absorption occurs at a first order rate (see

figure 1.1.5). In this case, it is assumed that the entire dose is rapidly introduced into the

site of absorption, from which it is absorbed into the central compartment
Absorption

Central Peripheral
Compartment Compartment Compartment
K-
K, :
V. > Vi Vs
| K

Ehmination

K, = Absorption rate constant, K;» & K; are Transfer rate constants between
compartments

Fig 1 1.5 Three compartment model.
Plasma

Concentration
Log Scale

Fig. 1 1.6 A three-compartment model which includes a compartment for absorption

\
tvpical log. Concentration-time curve, after a single orgl dose

S —
[ Kasc,,



114 Area Under the Concentration - Time Curve (AUC)

I'Cadtis a measure of the
o .

The AUC, which 1s :r'épresehted by the mtegral

amount of drug that is available systematically (bioavailable) which is a measure of

kT

” therapeutlccﬁicacy Tt s important for calculating such important pharmacokinetic
parameters as relative oral bioavailability, Plasma clearance and apparent volume of
distribution. Tt can be determined by the frapezoidal rule and is independent of any model

used.

1.1.5 Plasma clearance (Cls)

Plasma or systematic clearance i.s defined as the volume of plasma from which a
drug is totally and irreversibly removed per unit of time. It is a direct index of drug
elimination. Total plasma clearance may be determined after oral administration from the

relationship.

D
=
l, AUC

where F = fraction absorbed

h

D = Dose

AUC = area under the concentration - time curve,
It may also be calculated from the relationship:

Cli= PVy

where § = Elimination rate coustant

Va4 = Apparent Volume of distribution.



Clearance has the dimension of volume per unit time and is made up of the sum of
all the clearances due to individual organs. If only one organ is involved for example the
kidney, the plasma clearance is equal to renal clearance.

For any particular organ, the physiological determinant of drug clearance are organ
blood flow, the inherent ability of the organ to extract the drug from the blood and the
extent of binding of the drug to plasma proteins. Considering the liver, for example,

hepatic clearance Cly 1s given by the relationship:

C7" int
cl = o Lt
SO+ fClint |

where ; Q = hepatic blood flow
t = fraction of unbound (free) drug

and CI' int = intrinsic free drug clearance

The term in parenthes is referred to as the extraction ratio ER and can vary from
zero to 1. If a drug has very high intrinsic clearance, ER will tend towards I and the
hepatic clearance would be equal to Q, the hepatic blood flow, and will show flow
dependent kinetics. Thus, the hepatic clearance of a drug such a propranolol for which the
liver has a high metabolic capacity, is limited by hepatic blood flow and is relatively
insensitive to changes in metabolising activity. However, a reduction in the rate at which
the drug is transported to the liver such as a decrease in blood flow would result in
reduced hepatic clearance

On the other extreme. when intrinsic hepatic clearance is very slow compared to

blood flow, then ER is low and the equation for hepatic clearance reduces to:



Cly, = fCl'nt
and elimination I‘is_dependent on é@me actiQityI;nd drug bmdmg Thus fdr':a. drug such | _ |
as theopl.lyﬁ}-n; fOl’Wthh th.e;e:i:s"i:r;é;iifﬁcient enzyme activity present in the liver and which
ha_.s_lqw_f E_R.,Iits. heya.tic clearance will be affepted by any change of enzyme activity (e.g.
enzyme inhibition or induction) bui will not be affocted by chanues in blood flow. The
hepatic clearance will also be dependent upon _;_he free-fraction of the drug in blood so that
increase in binding reduce clearance. and vice versz-i., In contraét; altered plasma protein

binding will have little effect on organ clearance of drugs with high ER as such drugs can

be tunctionally stripped from their binding sites during passage through the liver.

1.1.6 Apparent Volume of Distribution

Apparent volume of distribution V4 is defined as the volume in which the amount
of drug in the body would. need to be uniformly distribution te produce the observed
plasma concentration. The knowledge of volume of distribution is used to relate the
plasma concentration of a drug to the dose admiﬁistered as the body is not homogenous,
even if it can be treated as such in a mathematical model. Drug concentrations in fhe liver,
kidney, muscle, fat and other tissues will therefore differ trom one another as well as from
the plasma concentration. The apparent volume of distribution does not relate to a real
physiological or anatomical space. but provides an estimate of the extent of the dmug’s
distribution through the body fluid compartments and its uptake by tissue. A large, value
for V, implies wide distribution or extensive tissue uptake or both. After oral

administration, V; can be determined from the refationship:
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4

D
47 gaucC

where F = fraction of dose absorbed

D = dose
B = elimination rate constant
AUC = area under concentration - time curve. .
N

1. 17 Elimination (Plasma) Half-life.

The elimination half-life (t.,) is the time taken for half the amount of drug present
to be eliminated either by excretion or metabolism or both. In other words, it is the time
taken for the plasma concentration to be reduced by 50% of its original value. and can be
determined for both one and two compartment models from the terminal data of the log
concentration - time plot

It may be also be determined from the equation (see page §).

L B 9 B
[gg( A =i0g(_' - 230}," 469981

—

—
substituting for t.. gives
|
pi
logxy = log2x — ——
=205
0693
e, = ——
yij
From this equation. it shows that a large value for § corresponds to a short ¢
and is a reflection of the rate at which the drug leaves the bodv. However, i. 1s a poor

index of drug elimination as it depends not only on the clearance but also on the voiume
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through which the drug is distributed (volume of distribution Vy). Indeed, if clearance is
increased, one would expect a shorter half-life. Not so obvious is the concept that if
clearance is kept constant but the volume into which the drug is distributed is increased,
half life increases, this is supported the following mathematical relationship.

0693

]l
Although t., is poor index of drug elimination processes and dosage requirements
in individual patients, it is a useful parameter in the determination of suitable dosage

intervals and the time required to attain steady - state during intravenous or chronic oral

therapy

1.1 8 Non - Linear Pharmacokinetics (Fallibility of Assumptions).

It can be seen so far that all the systems operating on the drug obey first - order
kinetic i.e. the drug has linear Pharmacokinetics characteristics. This implies that
elimination half-life, clearance. volume of distribution and bioavailability are independent
of dose or concentration of drug. It can be assumed that the Pharmacological effect is
elicited by the drug administered  Even though the general concepts of Pharmacokinerics
are applicable, these assumptions do not apply to all drugs Therefore where these
assumptions are not valid, significant clinical consequences accrue and modifications of
the models are necessary

Deviations from linearitv are possible with respect to one or more processes in
absorption, distribution. binding o biological materiais in tissue. plasma protein binding

and elimination of drug. (Ritschel, 1980) Deviations from linearity with respect to
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absorption may be due to low solubility of the drug, low dissolution rate of the drug from
the dosage form, changes in gastro-intestinal pH. and, in the case of active absorption
processes, due to saturation of carriers

Deviation from linearity with respect to tissue distribution may occur when tissue
or active transport systems in the tissues become saturated. Deviation from linearity with
respect to plasma protein binding can occur if increasing dose sizes approach saturation of
binding sites or if only limited number of binding sites are available. Non-linearity with
respect to excretion can be caused by changes of urinary pH for drugs that are week acids
or week bases undergoing urinary recycling, by saturation of reabsorptive processes or by

diurnal variation in the elimination of drugs

1 19 Dose - Dependent Kinetics

One of the commonest causes of non-linearity is the limited capacity of certain
drug metabolising enzyme systems. Drug elimination is always linear below the maximal
capacity of the drug metabolising enzymes. However. in some situations. drug
concentrations are sufficiently high enough to cause saturation of the enzyme. system
causing elimination to occur at a fixed rate (i.e. zero - order kinetics). In this situation,
drug administration will depend on the magnitude of dose. and drug accumulation will not
readily be predictable. Once saturation has been reached. the plasma concentration wiil
increase disproportionately with subsequent dosing and the time required 1o reach the
steady state will increasing half-life.

Examplie of a drug whose metabolism becomes saturated at climeally achievabie

concentrations is Phenytoin (Richens and Dunlop, 1973)



1.1.10 Active Metélbolites

Some drugs are bio-transformed toa mf_:l_tabolite tha.t“has a Pharrnacoltlnééc:al:.actib.n
. like that of the parent drug. .. With thesedmgs;he combmedPhamacodynamlc (and
sometimes Pharmaco?cin_:t_i_c) act_im_l may rise an.d fg.il ina 'complex way because of the
different time courses, distﬁbutli::;n. .a.nc.i.rat;é'bfl ehmlnatlon ‘of the ;ctiﬂre .metabolite. For
drugs with such properties e.g. the antiepileptic trimethadoene, a study of pharmacokinetics
alone would be of little value in predicting a therapeutics regimen (Harvey and Déaln,

1985). Two or more active metabolites may greatly increase the complexity. b

1.2 STORAGE AND STABILITY OF DISPENSED PRODUCTS

It could be said that no pharmaceutical product is stable indefinitely and certainly
the majority of products are stable only for a limited time.

The instability of Pharmaceutical Products may be due to drug or excipient
degradation. Drug instability may be enhanced by poor formulation, poor packing and
poor storage conditions.

R_hodes (1984) has reported six possible results of pharmaceutical product
instabiiity.

1. Loss of active druy (e.g. acetylsalicylic acid hydrolysts, oxidation of adrenaline)

[ ¥

Loss of vehicle (e.g. evaporation of alcohol trom alcoholic mixtures. evaporation of
water from oil-in-water creams.

3. Loss of content uniformity (e.g. impaction of suspensions, creaming of emulsions).

4+ Reduction in bioavailability (e.g. aging of tablets resulting in a change in dissolution

profile).

14
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5. Lossof pharmaceulilcal elegance (e.g. fading of coloured solutions and tablet).
6. Production of potentially toxic materials (e.g. breakdown products from drug
degradation).

The above list is not meant to be fully comprehensive or exhaustive.

Generally degradation of pharmaceutical products could be classified as being due
to chemical, physical and biological mechanisms. [n some cases the degradation may be
due to one or more of the mechanisms or what appears to be the result of one mechanism
may be the result of another mechanism. For instance, a cracked emulsion (a physical

effect) may be the result of microbial degradation of the emulsifier.

1.2.1 Chemical Degradation

Solvolysis

Solvolysis involves the degradation of the drug or excipients through reaction with
the solvents present in the formulations. In most pharmaceutical products the solvent is
water so that the degradation will be hydrolysis. However, in some pharmaceutical
products the solvent may include such co-solvents as ethylalcohol. propylene glvcol and
glveerol together with water

Most of the solvolysis reactions involved in the degradation of drugs and
excipients involve ‘labile’ carbonyl compounds. such as esters. amides. lactones and
lactams. Examples include esters such as acetvisalicvlic acid. the local anesthetics.
amides such as sulphonamides and chloramphenicol. lactones such as spironolactone and

pilocarpine, and lactam such as the peniciilins and cephalosporins.
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Oxidation

Oxidation is a common cause of drug and excipient degradation. This method of
degradation occurs in both water - and oil - soluble drugs, as well as fixed and volatile
oils.

A substance is said to be oxidized if it gains electronegative atoms or radicals or
loses electropositive atoms or radicals. Oxidation often involves the addition of oxygen or
removal of hydrogen. There are two types of oxidation processes which affect
pharmaceutical products:

1. Those involving atmospheric oxygen.

2. Those involving the reversible loss of electron.

The latter process can proceed under anaerobic conditions and is independent of
atmospheric oxygen. Example of drugs undergoing such an oxidation process are
riboflavine, ascorbic acid, adrenaline and ferrous salt. Oxidation is usually demonstrated
in the latter stages by a change in colour e.g. adrenaline solution changes from a clear to a
red - coloured solution.

Oxidation processes involving atmospheric oxvgen, at ambient temperatures, are
usually referred to as autoxidation. Autoxidation s usually a chain reaction involving the
formaticn of free radicals in the initiation stage In the propagation stage. the formatien of
peroxv radicals trom oxvgen and the free radicals produced in the initiation stage react
with intact drug to produce hydroperoxides and more free molecular oxvgen (o form
peroxy radicals and so on  Therefore in the propagation stage the products of the

oxidation process are used to induce more oxidation, and so once the process has started
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it becomes self propagéting unit all the free drug has been used up and the termination
stage reached. At this point the peroxy radicals and hydroperoxides combine to form
inactive products.

Phorolysis

Degradation of drugs or excipient molecule can be brought about by light, either
room light or sunlight. Such reactions are termed photolysis and light - sensitive drugs are
known as photolabile.

The shorter the wavelength of the light then the more potentiaily damaging is the
light. Thus UV light is more harmful than red/orange light. However. in order to cause
a photolytic reaction the energy from the light radiation must be absorbed by the
molecules. If the energy absorbed is sufficient to achieve the activation energy. then
degradation of the molecules is possible. In some cases. the molecules absorbing the light
do not themselves take part in the reaction, but pass on their increased energy to other
molecules, which then degrade. In such cases, the light energy absorbing drug or
molecules is said to be a photosensitizer.

Although the energy obtained from light may be due to the initiator of a reaction,
the reaction itself may be an oxidation process. polvmerization or ring re- arrangement,
etc.  Also light energy may be converted to heat. photolysis may be accompanied bv a
thermal reaction  Alternatively, a photolytic reaction may produce a catalyst. which
catalyses a thermal reaction. Once a thermal reaction is started it may proceed when the
hght source 1s removed

Photolvtic reactions include the decomposition ot chlorpromazine hydrochiorides,
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and other phenothiazinés, the darkening of morphine and codeine, the fading of tartrazine

dye and the initiation of many autoxidation process. ..y ¥ .u o

Po{ymerizm‘ion. .

* Polymerization involves the combination of two or more identical molecules to

form a n"lﬁcﬁ.l.llﬁrgenr and coh{pléx:moieculé;..t‘;éigl.‘adétion ﬁf’ Phaﬁnacéuticai products by
polymerization is not very common and such reactions may occur after the iual
degradation of the drug, Such an example of polymerizatior; I;S the production of a sﬁ‘aw -
coloured solution after the autoclaving of dextrose injection. The coloured solution is
attributed to the polymerization product of the initial major degradation product, 35-
hydroxymethy! turfural.
Optical Isomerization

A change in the optical activity.of a drug may result in a change in its biclogical
activity. Racemization is the main tvpe of optical isomerization which affects drug
molecules and it occurs when the optically active form of the drug is converted info its
enantiomorp.. Racemization continues until 50% of the original drug has been converted
to its enantiomorph. In most cases the enantiomorph has less therapeutic effect than the
original drug. An example of racemization is the conversion of (- ) hyoscyanune into the
racemic mixture of (+)}- and (-)- hyoscyamine. Other examples include adrenaline,
tetracycline and pilocarpine (Nunes & Brochmnn-Hausse, 1974).

Other methods of chemical degradation include hydration, dehydration

dec@rboxylation, acylation and transesterification.



Pol lymorphism

- __I_'lPolymorphs are different crystal form of the same compound. Poylmorphs differ
from one another in their crystal energies, the more energetic ones converting to the least
..‘:ei{e;rgetic (or most stable) one Different polymorphs ot the same drug may exhibit
different solubilities and melting point. These physicochemical properties have significant
iééiiéﬁﬁoﬁs 'Ifcrﬁ- p.l.aa.r.r.ns'iceu.tical'doség'é fomlls...F(IJ.r. é#éfnpie, theobroma oil used in the
preparation of suppositories has two polymorphs. The B tbnn has melting point at 37 "C,
while the o f'oﬁn has a mélting point at 30 °C. Conversio'n by exessive heating of § form to
the a form makes theobroma oil unsuitable as a suppository base. Another well
documented example is the conversion of cortisone acetate to a less soluble form when the
drug is forrnulatéd in aqueous suspension. The tess soluble polymorph forms an insoluble
cake in the aqueous suspension {Macek, 1954).

This type of phenomena also occurs in ointments and creams when the presence of
a less soluble drug wives a gritty feel to the product and poor release characteristics,
Vapaorization

Many drugs and excipient may be lost from pharmaceutical products at ambient
temperatures through vaporization. These drug and excipients posses a sufficiently high
vapour pressure that they are volatile at room temperatures. Examples of such drugs are
glyceryl trinitrate, alcohols. camphor, menthol, chloroform and volatile oils. These drugs

may be lost from the product because of a loose - fitting closure.
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Water loss

Evaporation of water from liquid preparation will cause concentration of the drug
with the possibility of crystallization occurring if the solubility of the drug in the solvent is
exceeded. Water loss from oil-in-water cream may result in a decrease in volume and a
surface rubbery feel Further evaporation of the water will cause the emulsion to crack.
Some drugs are efflorescent, which means that they will lose water to the atmosphere
resulting in a concentration of the drug and overall weight loss. Water loss to the
atmosphere can be prevented by storing the pharmaceutical product in a well - closed
container
Absorption of water

Water will be absorbed from the atmosphere by some drugs and pharmaceutical
products For example, some drugs are deliquescent (calcium chlonde and potassium
citrate), whereas others are hygroscopic (glycerol and dry plant extracts). Etfervescent

powders and tablets will deteriorate if stored in a moist atmosphere

1.23 Factors Influencing degradation
Temperature

An increase in temperature generally increases the rate of reactions and thus the
degradation of Pharmaceutical products is generally increased with an increased in
temperature. The Arrhenius equation guantitatively describes the relanonship between

reaction (or degradation) and rate (k) to temperature (T)



where A = is the frequency factor, R Is the gas constant, Ea is the activation

energy and T is the temperature in degree absolute, ~ + 5.+

- one method of preventing or reducing degradation is to store the pharmaceutical product

at .I'olw te.r;lpé.raf.ﬁre‘ f'or‘ Example, in:l;uiin- Iinjécti;)ris are nofmzﬂlf ;'equifed to be stored
betwgenl 2°C and 8 'C.

Hm#ever. sro;'agé af low témperaturles'méy nﬁt decre.ase the.degre.l‘dation fﬁte Ias
much as would be expected from the Arrhenius equation. For example, although the rate
of oxidation is decreased at low temperature, the solubility of oxygen in solution is
increased. This increase in solubility may promote the oxidation process, so that the
overall result is usually a decrease in oxidation but not as much as would have been
reported by Savello & Shangraw (1971) who showed an increased degradation rate of
ampicilfin solution on freezing,

A change of temperature, besides mfluencing chemical reaction rates, may also
affect physical degradation rates. For example, an increase in temperature can cause
creams and emulsions to become unfit for use and separate into two phases. Alternatively,
freezing creams and emulsions will usually damage the emulsion structure due to the
crystallization of water at 0 "C. On reheating to ambient temperature the emulsion does
not reform.

A decrease in temperature may cause a drug to exceed its solubility and crystallize
out from the solution. Sodium lactate infusion compound BP {1988) frequently exhibits

crystallization at temperatures just below ambient.
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An increase in temperature may result in an increased loss of volatile material or
increased loss of water from Pharmaceutical products. Such product should be stored in

a cool place.

Moisture (atmospheric)
Moisturle or humidity can adversely affect thé .st.ability of dry drug f'o'rlfr'i.;:l.atioﬁs,
such as tablets and capsules. For example, gelatin Capsules bgcome_goﬁ and s_weu in tfle
' .presence of moistr..lr.t;and the drug ccmtentof tablets may undergo surf‘ace .h}.rd.rolysis
(Cartensen & pothisiri, 1975). The preser_;&e of moisture may encourage the growth of
'. rmcro (IJrzganiémsf: o | |
Additives

ﬁuﬂ"er salts méy be used to adjust and r;laintain t.he pH of a formulation. However,
they may cause general acid-base catalysis and ionic effects (Aulton, 1988)

| Surfactants may be added to formulation as solubilizers or emulsifiers. However,

the presence of a surfactant may increase or decrease or leave unchanged the degrad.ation
of a drug or the excipients. Acceleration in the presence of surfactants acting as micellar
catalysts ts well documented, other references demonstrate the ability of surfactants to
decrease the hydrolysis of poorly water - soluble drugs (Reigelman, 1960). The presence
of surfactants in aqueous solution have been shown to protect some drugs from oxidation
(Amin & Bryan, 1973). Some surtactants will trap preservative content of the aqueous
phase, resulting in the possibility of microbial degradation of the product.

Complexing agents may be added to some drugs to produce a complex which is

more stable than uncomplexed drug. Example of complexation include benzocaine and



recently, Uekema ef a! (1983) have 1mpr0ved the thermal and photochemlcal stablllty of' |

< benza!aéhyde in water by complexing the drug with «, P, and v- cyclodextrins.

Antioxidants are added to drug formulations to prevent or reduce oxidation. They
cbuldﬁ Ib:e classified into antio@gens . ré&uding agé;nts and chelating agents.

Antioxygens act by providing the necessary electrons and easily available hydrogen
ioﬁs which are accepted by the free radiéalsl'hna thi§ Istdps the chain reaction in auto-
oxidaion. Antioxygens act as chain breakers. Examples of antioxygens are the gallates, o-
tocopherols and butylated hydroxyanisoles / hydroxytoluenes.

Reducing agents are substances which are preferably oxidized and offer protection
to the drug until they themselves are used up or until all the oxygen in the container has
been removed. Sodium metabisulphite is the most commonly used reducing agent. Other
reducing agents include hypophosphorous, acid, dextrose, sulphurous acid and ascorbic
acid.

Chelating agents act by complexing or chelating heavy metals present in solution
which may be responsible for acting as catalysts in the oxidation process. Examples of
chelating agents are sodium edetate and 2,3-dimer captopropane sodium in vitamin C

injection.

1.2.4 General Requirements for Drug Storage and Keeping.
. Floor space

It should be wide enough.



2.

3

4

Free from clutter which would interfere with traffic flow.
It should be free from dampness and leakages.
Cooling system.
Functional fans
Functional Air conditions
Adequate ventilation
Cold chain
Functional refrigerators
Functional freezers
Temperature charts
Store condition
Roofs should be free from leaking, walls and floors should be free from cracks
Lighting should be provided
Drugs should be free from direct sunlight
Drugs should be protected from direct wind and dusts

Clean Shelves

24
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CHAPTER TWO

20 LITERATURE REVIEW
21 GENERAL
2.1.1 Names

Acetaminophen, paracetamol. p-acetamidophenol, N-acetyl-p-aminophenol.
2. 1.2 History and chemistry.

Acetanilide was introduced into medicine under the name of antifebrin by Cann and
Hepp, who has accidentally discovered its antipyretic action in 1886 However, it proved
to be toxic Para-ammophenol which was taught to be the oxidized product of acetanilide
in the body was tried in search of less toxic compound. P-aminophenol itself proved to be
as toxic as acetanilide but toxicity was reduced if the hydroxyl or amino group received
alky!l or acid substituents respectively  Acetophenetidine (Phenacetin) and N - acetvi-p-
aminophenol (Paracetamol) were thus produced and found useful Phenacetin is
metabolised in the body to paracetamol (Crossland. 1980) .

Structure

NHCOCH,

CiHoNO-, Mol Wi, 131 106
Paracetamol has NHCOCH: side chain. The Lone pair of the NH: group enters
into resonance with the carbonyv! group. and consequently resonance with the ring is
strongly diminished This gives the drug a very weak basic character

——



OH

The amino benzene structure confers antipyretic activity to paracetamol.
Introduction of other radicals into the hydroxyl group of para-aminophenol and into the

free amino group of aniline reduces toxicity without loss of antipyretic action.

2.1.3 Physical properties.

White, odourless, crystals or erystalline poxlvder withl a bitter taste. Melting point
169°to 172 °C.
Solubility: One gram dissolves in about 70 ml of water at 25°, 20 mi of beiling water, 7
ml of alcohol, 13 ml of acetone, 50 ml of chioroform, 40 ml of giveerin, and 9 mi of
propylene glycol. It 15 insoluble in benzene and ether, and soluble m soluttons of alkaft
hydroxides. A saturated solution has a pH of about 6 (Martindale 26" ed.). PKa =

9.51) (Remington’s Pharmaceutical sciences (5™ ed.)

2.1.4 Stability Summary.
Acetaminophen is very stable in aqueous solution. lts pH - raie profile reveals

specitic acid and specific base catalysis with the maximum stabiity in the pH cange 3 - 7

(Koshy ¢r af 1961)



2.1.5 Tablet Storage
It should be protected from light (B.P. 1973)
22 Drug Kinetics
221 Reactions and Rate Equation.
The major route of degradation contributing to the instability of acetaminophen is

its hydrolysis to yield p-aminophenol and acetic acid.

NHCOCH, NH,

+ Ho)! * i + CH3COOH 2)
OH

The stability of acetaminophen was studied by Koshy e¢r a/ (1961) The hydrolysis is both
acid - and base - catalyzed Spontaneous hydrolysis was found to be negligible. The
important reactions are, therefore,

HO-CH, -NHCOCH; +H 2t SHO-C,H, - NH, +CH,COOH (3)

HO -C,H, - NHCOCH, +OH —=2"sHO -C.H, - NH, +CH.COO (4)
the rate equation may be written as follows

rate: = K, +[H |[4P4P) + K, [OH Ji4P4P] (5)

where Ky. and Ko are specific acid and base second order rate constants.
respectivelv, and APAP represents acetaminophen. At constant pH the reaction is pseudo
first order. with the apparent first order rate constant K' being related to Ky and Koy as

shown below



K' =K, [H])+ Kk, [oH] (©
222 pH - Rate Profile

Figure 2 1.1 is the log K, pH plot for the hydrolysis of acetaminophen at 25°
(Koshy et al, 1961). This pH - rate profile shows specific acid and specific base catalysis:
It is accounted for by Eq.(6). The rate is insensitive to ionic strength. The maximum

stability occurs at pH 6. At pH 6 and 25 °C, the rate constant is 1.005 x 107 s

corresponding to a half - life of 21.8 yr.
t

Log
(k/s')

pH
Fig. 2.1 1. Acetaminophen. pH-rate profile for hvdrolvsis of acetaminophen at 25 "C (rate

constants in s )

227 Activation Energy
Table 2.1.1 lists the activation eneraies and half-iives at different pH vaiues. The

activation eneruy, E,, does not seem to be dependent on pH A value of 17 keal/mol was
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reported by Zoglio er al (1968) and by Kay and Simon (1971), supporting those of

Koshy et al.

Table 2.1.1: Half-lives,t's, and Activation Energies, E,,
Acetaminophen at different pH values (Koshy er al , 1961)

pH | {8 (yr at 25 “C)

2 08
3 58
R 154
5 19.8
6 21.8
7 12.6
8 7.1
9 2.3

25 FORMULATIONS AND COMBINATIONS

231 Degradation Reactions

E. (kcal/mol)

16.7

18.0

174

for the Hydrolysis of

An aspirin - acetaminophen reaction was noticed by Koshy er «/ (1967) and

Boggiano ¢r al

salicylic acid and diacetyl-p-aminophenol .

(1970), who reported that acetaminophen, reacts with aspirin 2iving
P 2IVING
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NHCOCH, NHCOCH,  COOH

COOH
OCOCH, OH
o= a0y
OH 3

A linear relationship between the rate of formation of salicylic acid and that for diacetyl-p-
aminophenol was reported by Koshy, er al., (1967), Kalati on the other hand, observed no
such reaction at 25 °C. The stability of such mixtures, however, decreased rapidly with the
increase in moisture content, temperature, codeine phosphate, and magnesium stearate
{Kalatzis, 1970). It is important to mention that caffeine made no contribution to the
stability of aspirin - acetaminophen mixtures (Boggiano ¢f ¢/, 1970)

Acetaminophen was found to form 1:1 complexes with antipyrine (Dearden, 1972)
and with caffeine and theophylline, but not with theobromide (Chowad. e7 @/ 1972). This
complexation increased the solubility of acetaminophen.

Acetaminophen formed complexes with polyethlene glycol 4000 (PEG 4000) and
polyvinyl pyrolidones (PVP). This complexation increased the water solubility and
dissolution rate of acetaminophen. the effect being greatest for the acetaminophen - PEG
mixture in a rate of 12 w/w
232 Stabilization Methods

In liquid preparations. the pH should be adjusted to about & for maximum stability
Acetaminophen tablets are stable. However, in combmation with aspirin and Codeine

phosphate, moisture and alkali stearates should be eliminated



2.4 'PHARI\*[ACOKiNET[CS AND METABOLISM.

Paracetamol is rapidly and almost completely absorbed from the gastrointestinal

.- tract. The concentration in plasma reaches a péafc in about thirty minutes to one hour and

" the therapeutic half-life is approximately three hours (Swinyard, 1980). Therapeutic

- concentration is within the range of one to 10 pg/ml plasma (Horwitz and Jatlow, 1977,

" Prescott ¢t /. 1971). 1t has been found that in rats paracetamo! is absorbed from the

stomach and all portions of the small intestine and relatively insensitive to changes in
- gastric emptying rates. (Weikel and Lish, 1969). Meal of high fat or protein content or a
balance test - meal taken before administration of paracetamol did not delay signiﬁcantly.
absorption whereas a high carbohydrate meal, reduced absorption by 60 - 76% in the first
_ 1.5 hours compared with the fasting state (Jaffe et a/., 1971).
Studies conducted by McGilveray and Mattok (1972) on the effect of food and
.sleep on the absorption and excretion of paracetamol showed that concomitant
administration of food produced little effect on the extem of ity absorption. Less
paracetamol is absorbed and excreted when the drug was taken before sleep than after
morning ingestion. They are, hoWever, not sure of the cause of the reduced absorprion.

It has been reported by Chiou (1975) that food could significantlv reduce the
absorption rate and peak blood levels of paracetamol in humans; it had no significant
effect on total bioavailabiitty. as indicated by similar areas under blood concentration
curves of paracetamol. He suguested that ditferences in the contribution of the first - pass
effect for rectal and orally administered paraceramol would not be of clinical sigmficance.

If paracetamol is metabolized appreciablv during  absorption. its systenuc

availability should be relatively increased by administering its precusor, acetophenetidine.
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wlnch‘lm its phenolic group blocked and therefore protected from conjugation in the gut
wall (Levy, 1971)

Paracetamol is relatively uniformly distributed throughout most body fluid (Flower
et al., 1985) Gwilt er al (1963) showed that paracetamol is distributed uniformly in all
tissues with the exeption of fat in dogs.

The major metabolites of paracetamol are its sulphate and glucuronide conjugates,
which are excreted into the urine (Andrews e al., 1976). Further urinary metabolites
include the corresponding 3-hydroxy and 3-methoxy conjugates  Andrews er @/ 1976) and
3-methylthio conjugates (Klutch es al 1978) The C-3-cystein and C-3-mercapturate
conjugates are found in the urine in rather small amounts after low doses of paracetamol,
but are considerably increased after high, toxic doses (Andrews et al . 1976)

In normal subjects. less than 50% of paracetamol is usually excreted in the urine
while the rest is eliminated largely as the glucuronide and sulphate conjugates (Cummings
etal., 1967, Levy and Regardh, 1971)

Studies have been conducted on the elimination of paracetamol and its metabolites
Results indicated that 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 non toxic (Figure 2.1.2). Only 3. 4% of the dose was recovered as free
paracetamol (Levy and Yamada, 1971 and Miller and Fischer, 1974)

Paracetamol is the major metabolites of phenacetin and acetanlide (Batty and
Robinson, 1977). Miller and Fischer (1974) concluded that rat is not an appropriate

ammal model for paracetamol metabolisms in humans  Paracetamol appears to be

excreted in the urine primarily as acetaminophen sulphate when administered to rats in



doses comparable to human doses. In contrast, the glucuronide conjugate constitutes the
largest fraction of the dose of paracetamol excreted in the urine by humans. However,

children have less capacity for glucuronidation of the drug than do adults.

: The ratiovof glucuronide and suiphate metabolites varies widely between the

“L different species; mice excrete more :gluéufonide than sulphate (Dybig, 1975),

Administration of paracetaniol with single and multiple doses of aspirin produce no effect
ﬁ'*'n’fi""’"!ﬂf coLe . : e o :

" on paracetanol metabolism in man '(Amsei and Davison, 1972).

~ NHCOCH, - NHCOCH, -~ NHCOCH,
" ’ . . /
— D |
e
Parent conpound OCH
Acetanilid <
: Acetaminophcn Phenacetin
Y
NH, NHCOCH, 5
e
Aniline O—R ()CgHj
Conjugated Acctaminophen para-phenctidin

R =Clucu¥onate (nxjor)
R = Sulphate {minor} /

Methemoglobin - fbming and other toxdc netabolites
Fig.2.1.2: Structural formulas of major porg-aminophencl derivatives and their
interrelations (from Flower ef al. 1985).
Excretion rate of the glucoronide and sulphate merabolites of paracetamol was

reduced after admumstration of salicylamide, and paracetamol reduced the formation of the



sulphate metabolite of salicylamide (Levy and Yamada, 1971). Ascorbic acid caused a
significant decrease in the.fra_ction of péracetamol excreted as the sulphate and a

i# significant increase in the fraction excreted as paracetamol and paracetamol glucuronide,

but 1t had no effect on the recovery of total paracetamol 1e. the sum of paracetamol, its

glﬁcurbnide and its sulphate (Houston and levy, 1976).

" 25 PHARMACOLOGICAL PROPERTIES,

| Paracetamol is used mostly as mild analgesic and antipyvretic (Plankogiannis and
Saad, 1978, Chiou, 1975; Levy, 1971 and Swinyard, 1980). This property is used to
relieve low intensity pain and reduce fever. Paracetanol is effective in treating pain arising
from intergumental structures and malaise associated with viral infections, especially those
components associated with headache and muscle aching (Bonica and Halpern, 1972). It
is useful especially as an analgesic - anti pyretic in patients sensitive to aspirin. It has few
side effects and is well tolerated by aspirin - sensitive patients.

W g Paracetamol may reduce the post traumatic inflammatory response and may be
preferable to acetylsalicylic acid in bilateral oral surgery (Lokken and Skjelbred, 1980)
Thcrapeutically paracetamol is not as effective as indomethacin and aspirin in the
treatment of rheumatoid arthritis (Watson e/ «f/, 1975). In therapeutic doses paracetamol
has no serious adverse reaction {Benson, 1983). The effective serum concentration of
paracetamol for analgesia and antipyresis is 10 - 20 ug/ml and this is obtained usuaily atter
single doses of less than 2y is taken orally, Therapeutic concentration of | - 10 pg/mi

plasma has also been reported (Horwatz and Jatlow, 1977, Prescolt ef «f, 1971).
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251 Mechanism of Acti_pn.
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Endogenous pyrogens derived from polymorphonuclear' leucocytes may cause
fever produced by bacterial endotoxins or viruses. Endogenous pyrogens act directly

upon the thermoregulatory neurons in the hypothalamus to increase the ‘set-point’

e

S

temperature (Parkhouse, 1979). Paracetamol inhibits the enzymé.p;ogi.ta;glandin synthetase
in the brain. By preyentiqg the biosy:nthesis of prostaglandin, the antipyretiqlanglgesi_cs
..c:ould inhibft .t'he éeﬁerﬁtion 6f prostaglandiﬁl E tvpe substances by pyrogeﬁ, a .prdcess
necessary for an increase in the ‘set-point’ temperature (Flower and Vane, [972).
Paracetamol may be more effective against enzyme in the CNS then those in the periphery.
This fact may part!ylf account for its well documented ability to reduce fever and to induce

analgesia, effects that involve actions on neuronal tissue (Flower ¢f af., 1985).

2.6 TOXICITY.
In conventional dose (325 to 1000 mg), paracetamol is well tolerated. Skin rash
1 other allergic reactions occur occastonally. The rash is usually ervthematous or
' Urticari. al, but sumetimes it is more sericus and may be accompanied by fever and
mucosal lesions (Flower ez /.. 1983). Patients who show hypersensitivity reactions to the
salicvlates only rarely exhibit sensitivity to paracetamol and related drugs. In a few
isolated cases, the use of paracetamol has been associated with neutropenia.
thrombocytopenia and pancytopenia.  When high doses are ingested paracetamol
undergoes N-Ivlydroxylation to form N-acetvlbenzoquinoneimine, a highly reactive
intermediate. This metabolite reacts with sultohydryl groups in proteins and glutathione.

fiuure 2.1.3),
{see figure 3) ~—



: When hepatic glufathione is depleted, after massive single doses, the excess

reactive arylating intermediate covalently binds to vital hepatocellular macfomolecules,

leading to necrosis (Flower 1 al, 1985), Thé’caﬁtiﬁ'uiltié problem of 'acu:-té..l{ep'a'tiib: necrosis

Gy following paracetamol overdose has been reviewed (Barwick ef al,, 1976, Fernandez and

" Brito, 1977, Boyer and Rouff, 197); Byer and Traylor, 1982). Children have been

. considered to be relatively resistant to the hepatotoxic effect of paracetamol and severe

liver damage was thought to be very uncommon  The possible reason is that its
metabolism in children is different, with a greater proportion being converted to the
sulphate conjugates.

Severe hepatic damage was likely if the patient had vomited within six hours of
paracetamol overdose (Gazzard et «l, 1977). A toxic reaction of paracetamol on a
| . patieni’s bfme marrow has been re;ﬁbrted by Mackinnocn and Menon (1974),

Intravenous N-acetylcysteine is now considered the treatment of choice for
paracetanol poisoning. It is more effective than intravenous cvsteamine or methionine in
preventing liver damage. It also prevents renal failure and death when given within ten
hours of ingestion (Maurer and Zeisler 1978; Jacobsen and Wiik-Larsen, 1981).

In studies conducted in patients with paracetamol overdose, it was revealed that
severe hepatic lesions occurred when the plasma paracetamol concentrations, reached
more than 30 ng per ml after four hours:. none occurred in patients with concentrations of
less than 120 pg, 50 pg per ml at 12 hours, but hepatic necrosis developed in 16 cut of 18
with concentrations greater than 50@1;{Prescott et al 1971). Toxicity is associated with a
prolongation of the normal plasma elimination half -life from 2 hr to over 4 hour to 10 hr

and with the persistence of high paracetamol levels over several days (Boyer and RoufT,
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1971, McJunkin et al., 1976). Ambre and Alexander (1977) note that paracetanol plasma
levels are more reliable index of the risk of toxic liver injury than in the total dose
ingested

Overdose of paracetamol is characterised by the following symptoms - vomiting,
gastrointestinal haemorrhage, liver damage, cerebral oedema and renal tubular necrosis.

Liver necrosis may be fatal several days after overdose

0 i
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Fig. 2.1.3 Formation of Reactive Intermediates during metaboiism of environmental
substances and Drugs (from Benet and Sheiner, 1985)
27 DRUG INTERACTIONS

Phenytoin appears to enhance the hepatic metabolism of acetaminophen. Patients
on combination anticonvulsant therapy that included phenvtoin tended to have reduced

acetaminophen bioavailability and half life (Perucca.. 1971). Although little clinical
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evidence is available, one might expect that phenytoin would tend to increase the
hepatotoxicity of acetaminophen overdoses by increasing the production of toxic
acetaminophen metabolites. Acetaminophen (1.5 g/day) did not significantly effect serum
phenytoin concentrations in nine epileptic patients on chronic phenytoin therapy
(Neuvonen, 1979). Until more is known about this interaction, it would be prudent to
avoid large doses and or prolonged administration of acetaminophen in patients on
Phenytoin.

A study of 21 subjects who were given various combinations of aspirin and
acetaminophen demonstrated that acetaminophen increased blood concentration of
unhydrolysed aspirin but not total salicylate. (Cotty, 1977). It was proposed that the
increase in unhydrolysed aspirin would increase the therapeutic effect; however, it has also
been suggested that combinations of aspirin with either acetaminophen or phenacetin may
increase the likelihood of analgesic nephropathy (Wilson, 1982). Neither of these
possibilities has been proven clinically. No special precautions appear necessary
However in the absence of a proven advantage of combined therapyv over either agent
alone, it may be better to use one agent or the other

Acetammophen probably reduces the sulfation of ethinyl estradiol in the gut
mucosa, thus increasing the plasma concentration of the estrogen Oral contraceptives
appear to enhance the glucuronidation of acetaminophen. In six healthy women receiving
oral contraceptives , the pharmacokinetics of ethinvl estradiol were studied with and
without pre-treatment of a single 1 - g dose of acetaminophen (Rogers. 1987)
Acetaminophen was associated with a modest increase in serum ethinvi estradiol

concentrations.  The clinical importance of such increase in estrogen levels is not
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established, but it is reasonable to assume that periodic use of acetaminophen may result in
fluctuating levels of ethenyl estradiol. Several studies have shown that women receiving
oral contraceptives have considerably higher clearance of acetaminophen than those not
receiving oral contraceptives (Miners, 1983; Ochs, 1984). The Magnitude of the reduction
in plasma acetaminophen concentrations is probably sufficient to inhibit the effect of
acetaminophen, in at least some patients. It does not appear necessary for women on oral
contraceptives to avoid taking acetaminophen. Nevertheless one should consider the
possibility that patients on the combination may develop increased ethinvi estradiol
concentrations or decreased acetaminophen concentrations. If such changes in serum
concentrations are suspected of causing problems, it would be prudent to use an
alternative to acetaminophen.

It is proposed that enzyme induction from prolonged intake of large amounts of
alcohol results in enhanced formation of hepatotoxic metabolites of acetaminophen under
conditions of acetaminophen overdose Data from acetaminophen over dose in chronic
alcoholics indicate that they are more susceptible to acetaminophen - induced
hepatotoxicity (McJunkinm: 1976, Licht, 1980). These findings are consistent with the
known ability of chronic alcoholism to result in enzyme induction and with the likelthood
that enzvme induction results in accelerated formation of hepatoxic acetaminophen
metabolites. Whether alcoholism could predispose to hepatoxicity in patients chronically
receiving large therapeutic doses of acetaminophen is not established, but some of the
reported cases have involved excessive therapeutic doses of acetaminophen rather than
intentional overdoses (Barker, 1977, Licht, 1980} In contrast to chronic alcohol abuse.

acute alcohol intoxication tends to inhibit hepatic microsomal drug metabolism and thus
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'might be expected to reduce the formation of toxic acetaminophen metabolites. Animal

studies indicate that acute ethanol admmtstration tends to protect against the

"""}'.hepatotoxlmty of larée.acetaml;;ophen does (Sato. 1931) and ethanol mtoxt‘atlot"l“ méy-
have contnbuted to a tavourable outcorme in a patient who took 60g of acetaminophen
ﬁ_}.rons 1977) Alcohohcs rﬂay have lOW&l; bioavallabﬂﬁy of .acetammophen pfesumat;ly;
: :_": Idu:e to ipcreased first pa;smetabplis_m (Dietz, 1_982).' This may partly explain the tendency
| of .aicb.lholics to take lafgé qﬁ;lntitiés of acetaminophen for therapeutic purpose {Barker.,
1977, McClain, 1980). No Special precautions appear necessary, but one should be aware
- that patients ingesting alcohol for prolonged periods may be more susceptible to
hepatotoxicity from acetaminophen ovgrdose.
In a study, acetaminophen (2.6g/ day for 2 weeks ) given to patients on various
" oral anticoagulants resulted in a mean increase of 3.7 seconds in the prothrombin time
- compared with the effect of’ a placebo (Antlitz, 1968)., In a similar study, acetaminophen
(3.g/day for 2 weeks) had no effect on the prothrombin-time response to warfarin (Udall,
1970). Likewise, Antinz {1969) found that two doses of 630 mg of acetaminophen had
no effect on prothrombin-time response to oral anticoagulants. In another studv, 10 of 20
patients on chronic oral anticoaguiants were given aceta_minophen (2.0 g day for 3
weeks), and the other 10 were given a placebo (Boegjinga, 1982}, There was a moderate
mcrease in the hypoprothrombinemic response in the patient given acetaminophen.
However none of the patients was receiving warfarin, and it is not clear that the results
can be applied to warfarin. Patients should be watched tor evidence of enhanced

hypoprothrombinemic response to oral anticoagulants when acetaminophen is used

concurrently and the anticoagulant dosage reduced as needed.
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After a pﬂrolo.nged chloramphenicol half-life observed n children concurrently
taking acetaminophen therapy, six adults were given chloramphenicol (1.0g iv) followed
by acetaminophen (100mg iv) 2 hours later (Buchanan (1979). The chloramphenicol half -
life was 3.25 hours prior to the acetaminophen and increased to 18 hours following
acetaminophen administration. In a subsequent study, chloramphenicol pharmacokinetics
were not significantly different in 18 children who received concurrent acetaminophen and
in eight children who did not (Kearns, 1985). In a study of five children receiving 1V
chloramphenicol, acetaminophen (50mg kg/day for 48 - 72 hours) was associated with an
increased in chloramphenic;:! clearance (Spika, 1986). The reasons for the disparate
results in these three studies probably result from differences in study design. number of
subjects, assay techniques or route of acetaminophen administration. Until clinical
evidence of excessive or insufficient chioramphenical effect associated with acetaminophen
administration is reported, the clinical significance of this mteraction will remain
speculative

Anticholinergics slow gastric emptying, thus reducing the rate of acetaminophen
absorption in the intestine. Acetaminophen (1.5 g orallv) was given to six patients with.,
without pretreatment with propantheline 30 mg [V (Nimmo. 1973) The rate of
absorption of acetaminophen was considerably slow in the presence of propantheline than
in 1ts absence, but the extent of acetaminophen absorption did not appear to be attected.
Oral administration of propantheline is likely to have a similar effect. Other agents with
anticholinergic activity such as tricyclic antidepressants and antthistamines probably delay

acetaminophen absorption Because the onset of acetaminophen effect may be delaved in



42

patients receiving a:nicholinergics, excessive repeated doses of acetaminophen should not
be given.

Barbiturates appear to enhance the metabolism of acetaminophen. The fate of
acetaminophen (1.0 g orally and 1V) was compared in six healthy subjects and six
epileptic patients receiving chronics anticonvulsant therapy e g. barbiturate (Perucca.
1979). The epileptic patients had a lower oral acetaminophen bioavailability and shorter
serum half - life of acetaminophen following its iv admimstration.  Although | clinical
evidence is lacking, one might expect that patients taking enzyme inducing drugs would
experience a reduced therapeutic response to acetaminophen.  With acetaminophen
overdoses, however, one would expect long-term phenobarbital therapy to increase (1)
conjugation of acetaminophen to its non toxic glucuronide metabolite and (2) ts
oxidative biotransformation to hepatotoxic metabolites The overall effect of these two
opposing mechanisms is not predictable, but available evidence indicates that
phenobarbital pretreatment tends to increase the hepatotoxicity of toxic acetaminophen
doses. Phenobarbital has been shown to increase the hepatoxicity and nephrotoxicity of
acetaminophen overdose in rats (Mclean, 1976). but evidence from humans is limited to
isolated case reports (Wilson, 1978) Until more is known about this interaction, large
doses of acetaminophen should be admunistered with caution to patient on barbiturate
therapy

Choilestyramine inhibits the gastrointestinal absorption of acetaminophen. In four
healthy subjects concurrent administration of cholestvranune 12 g oraily markedly reduced
plasma levels of acetaminophen 2 0 ¢ orally (Dordoni. 1973), the magnitude of the effect

appears sufficient to reduce the therapeutic response to acetaminophen. It is likelv that



colestipol (Colestid) would also reduce plasma acetaminophen lévéls, but &linical studies

are lacking. 'Give acetaminophen I hour or more before or several hours after
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cholestyramine or éolé's}i'-'pbi; to mmm-nse fthe m];i.b'ltlo_ﬁvﬁf"‘ acetammophen absorptlon
Ag:elt_iu_r.ain?p.l}en 3.0 g/day .f.or. Sdays) some what reduced the 96-hour urinary
- excretion ofdzazepamandlts r:liétlaiﬁélités iﬁlfour sui)jéét following a single 10 - mg dose
Qt: diazepam (Mulley, 1978). The effect was greater in the two female subjects, but
B :-:.:é.dc.iitional study is needed to confirm those results gnd to deﬁng the magnitude of the
 interaction. | | . o .
It is proposed that metoclopramide increases the absorption rate of' acetaminophen
by stimulating gastric emptying (Nimmo, 1973).  Although the absorption rate ollf
acetaminophen has been shown to be increased by metoclopramide in healthy subjects, the

amount of acetaminophen, absorbed did not seem to be affected. Theoretically,

-~ acetaminophen effect would occur somewhat sooner in those taking metoclopramide, but

~ the difference in onset time probably would not be noticed by most patients. No special

precautigns are necessary during cotherapy with metoclopramide and acetaminophen.

2.8 ASSAY METHODS.
The best important requirements for a particular assay method are specificity,
sensitivity and easy and uick to pectform. The medium of analysis is also important.
~ There are various methods for quantitative determination ot paracetamoi as such in
pharmaceutical preparations and in combination with other druigs Several methods invoive
colorimetric and require the hvdrolysis of paracetamol to p-aminophenol. Brodie and

Axelrod (1949) proposed the earliest colorimetric assay of paracetamo! in plasma. After
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acid hydrolysis the formed p-aminophenol is diazotized and coupled to alpha ﬁaphtliol, and
the azo dye is measured by spectrophotometry. Other procedures utilize the reaction of p-
aminophenol with NaNO, - HCI to form the coloured 2 - nitro - p - aminophenol
(che-mbcrs and Jones, 1976, Glynn and Kendal, 1975, Wiener, 1977) and with vanillin to a
stabl;: imine with an absorbance maximum at 395 nm (Plakogiannis and Saad, 1978). F-
aminophenol can also be coupled with phenol in the presence of hypobromite to form an
indophenol dve (Welch and Conney, 1965) which may be interfered with by ascorbic acid
(Swale, 1977).

Gotelli er al. 1977 utilized reverse Phase High Performance Liquid
Chromatography assay with UV detection at 254 nm requiring only 0.1 ml plasma with a
sensitivity of 0.5 mg acetaminophen/ml and analysis time of 5 mins. The extraction
technique is rapid and includes acetoacetanilide as the internal standard. Of 36 other drugs
tested, only theophylline interfered with the determination of acetaminophen. The
extraction solvent is ethyl acetate. Horwitz and Jatlow (1977), include an, ether
extraction step and report no assay interference by theophvliline, this may be due to the
ether extraction step. rather than the ethyl acetate used by Gotelli er @/, (1977). The
recovery of acetaminophen is 65% with ether and above 80% with ethyl acetate, however,
theophylline might not be extractable into ether under the assav conditions of Horwitz and
Jaflow (1977).

Evans and Harbison (1977) reported Gas Chromatography method using ether for
extraction of plasma and urine samples at approximately neutral pH and Flame lonization
detection of acetaminophen The gas chromatographic detection of acetaminophen in

urine without derivatizaton allows a sensitivity of 2 pg/mi after tluorisil column



chromatography prepurification and ether extraction (Grove, 1971). However,

underivatised acetaminbphcn leads to tailing GC peaks and ponlinear standard curves at
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low concentrations. The f'ollowmg compounds hafg beensuggestedasmternalsta.ndards
?[.'.'P,m?i_o_"é’k - P - aminophenol CDe:chgim:pl_c“ et _qi_’._,ﬂlg’!“l):, and p—bromoace;anili_dg {Evans
and Harblson, 1577; Prescott, 1971) and p- chIoroacetamhde(Prescott, 1971) e
_There are many recent meihdds of assay of acetaminophen. Peng ¢t a/., (1994)
descnbed direct injection of urine and determination of acetaminophen by micellar liquid
chromatography with a wali- jet cell carbon fibre microelectrodes. Urine was filtered and
diluted tenfold with mo‘c;ile phase. Portions (10 pl) were analysed by micellar LC on a
column.(IZSI cmx 4.0 mmid) of' Nucleosil Cls (5 pm) with a precolumh (5. cn‘i X 4.6 mm
i.d) of silica gel (15 - 25 um). The mobile phase (I ml/min) contained 50 mM - SDS of
pH 7.15, 20 mM - Na, HPO,, 3% propan-1-ol and ! mM.- EDTA  Acetaminophen was
detected in a flow - through detector with a large vo1umé wall - jet at a preconditioned
carbon fibre microelectrode at +0.65 V vs. SCE. The peak due to paracetamol was wei.l
separated from those due to ascorbic acid, uric aéid and 4-ﬁminophenol. Calibration
graphs were hinear for 0.02 (detection kimit) to 70 pg/mi of acetaminophen. At 10 pg/ml,
the RSD (n = 20) was 3 1%. Reéavery of 5 - 3000 ng of paracetamo! added to three
samples of urine averaged .95.7 - 98 3% The presence of the surtactant micells both kept
proteins in solution and enhanced the detector response.

Nese ¢f al.. {1996) described simultaneous spectrophotometric determination of
acetaminophen and caffeine in tablets by absorbance ratio technique. Powdered tabiets
equivalent to 94.4 mg paracetamél and 5.6 mg cafleine were sonicated for 20 mins with

80 ml water and the solution was diluted to 100 mi. The solution was tiltered and a (9 ml

s



portion of the filtrate was diluted to 100 ml with water. The absorbance of the resulting
solution was measured at 241.6, 2597 and 272 nm and quantity of drugs were calculated
from a given equation. Calibration graphs, were linear for 1 - 18 pg/ml paracetamol and 1
-17 ﬁg /mli caffeine.

Shirke, e al , (1993) simultaneously estimated Ibuprofen and paracetamol in
combined dosage formulation by high - performance thin-layer chromatography.
Powdered tablets were dissolved in methanol and the solution was filtered. The filtrate
was applied to silica gel GF 254 HPTLC plates which were developed with hexane ethyl
acetate :anhydrous acetic acid (18:5:2): densitometric scanning at 265 nm was used for
quantitation. Calibration graphs were linear for 10 - 50 and 16-60 ug of paracetamol and
Ibuprofen, respectively. for 325 mg of paracetamol , the recovery was 101 5% with a
RSD of 1.8%. For 400 mg of Ibuprofen, the recovery was 99% with a RSD of 2 1%

Dasgupta er al. (1993) described microwave-induced rapid hvdrolysis of
paracetamol and its conjugates in urine for emergency toxicological screen Paracetamol
was detected by a method involving hydrolysis, by botling with HCI. to 4-aminophencl
which is reacted with O-cresol and NHL4OH to form a distinctive indophenol blue colour,
the absorbance of which is measured at 620 nm. The hvdrolysis is still uncompleted atter
10 min at 100 °C full hydrolysis requiring 20 min, so that hydrolysis is the time limiting
step in the procedure Paracetamol could be rapidly hydrolysed bv microwave irradiation
for 2min at 120 W Results agreed with those bv conventional hydrolysis for 20 min.

Goicoechea, A.G. er al (1995) described a validated high - performance liquid in
the unne Paracetamol and its glucuronide and sulphate metabolites chromatographic

method for the determination ot paracetamol and its major metabolites were diluted with
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water and filtered to 0.45 um_ Analysis was carried out using a Waters Radical - PAK
column (10 cm x 8 mm id.) of Resolve Cyg silica (5 pm) with a similar Guard - PAK
precolumn. Elution (2.5 ml/min) was with aqueous 0.1M-KH,PO./methanol /acetic acid
(95:4:1); detection was at 248 nm. Calibration graphs were linear from 5 - 100ug\ml for
each analyte; RSD were from 0.4 - 2.4% (n-3). Detection limits were 2 ng/ml for
paracetamol and 5 ng/ ml for glucuronide and sulphate.

Damian. P.C.eral (1995) gave account of rapid determination of paracetamol in
blood serum samples by first derivative UV absorption spectroscopy. Serum (1 ml) was
deprotonized with 2 ml TCA (240 ¢/L.). Following centrifugation. 1 ml of the supernatant
solution was treated with 0.2 ml 10M - NaOH - The UV absorption spectrum was
recorded and the first derivative at 292 nm was calculated. Paracetamol was determined
from a calibration graph of the first - derivative Vs. the original paracetamol
concentration in the serum samples. The calibration graph was linear from 100 - 500
pg/ml of paracetamol. Other anti-inflammatory drugs except salicvlate did not interfere
The RSD (n = 3) was 3 4 at the 40 pg/ml level. Recoveries ranged from 977 - 107%.

HPLC determination of paracetamol in serum with dialytic sample pretreatment
was conducted by Gilar M. ¢f &/ (1995). In this study. a centrifuged sample of serum was
dialvsed and trace enriched on an automated Gilson ASTED system - operated according
to manufacture’s instructions. Then the sample was analysed on a 4 um Nova - pack Cg
column (15 cm x 39 mm 1.d.) and eluted (0 53 mi/min) with methanoi/0 05%s aqueous
acetic acid (3 7) with detection at 254 nm. Calibration graphs were linear trom 0.3 - 10
mg/| paracetamol with 8-chlorotheophyiline as internal standard, RDS were | 3 - 3 4% (n

= 10). Recoveries were 958 - 101.7%.
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2.9 AIMS AND OBJECTIVES OF THE STUDY.

Paracetamol is used mostly as analgesic and antipyretic (Swinyard, 1980). It is well
tolerated and lacks :"?33 of the side effects associated with use of Aspirin. It is obtained
without prescription. Because of these advantages it is widely used in clinical practice
alone and in combination with other drugs in treatment of some disease conditions. It has
also earned a prominent place as a common, house hold analgesic. Consequently a large
percentage of our population is exposed to the use of paracetamol.

There are very many places where drugs are kept. Commercially available
paracetamol are stored in places which can be classified into three categories These are
(1) registered Pharmacy Shops (2), Hospitals/Clinics, and (3) Patent Medicine Stores
Some of these areas where drugs are kept lack standard storage facilities and the drugs
kept may be subjected to harsh conditions. The aims and objective of this study is to
investigate how storage conditions and drug handling in these three different areas affect
the pharmacokinetic profile of paracetamol in normal healthy individuals Paracetamol is
chosen because of its wide usage and availability without prescription. The study will also
include comparative study among these three different areas

Results from this study could serve as a guide as to where best to obtain our drugs
in case of significant differences using pharmacokinetic profiles of paracetamol tablets
This will reveal in what ways storage conditions could affect quaiity of drugs kept in these

areas
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CHAPTER THREE
30 MATERIALS AND METHODS
i1 DRUG
PARACETAMOL B P. 500 mg tablet
Dependol ® Manufactured by PAAM PHARMACEUTICALS
(DELHI) LTD. 26, BHARGAVA LANE, NITYANAND
MRG, CIVIL LINES, DELHI, INDIA

MFG, CODE; UP/DRUGS/28 OF 1992  DISTRIBUTED BY

BATCH NO: DPT 5- 19 VITAL PHARMACEUTICALS
MFG DATE: JUNE. 1995 LS AND HEALTH CARE LTD.. 79,
EXP DATE: May, 2000 FORSYTHE STREET

LAGOS, NIGERIA

32 EQUIPMENT
ERWEKA dissolution apparatus and accessories, Erweka appalebau G M B H
6056. Heusenstamm Kr. Otfenbuch - main
Analytical balance, type H35 AR Mettler Gallenkamp
Silica Cuvettes B.S. 3875 310mm F O
Thermometer - 3 1/3 Quickfit
Centnfuge Machine Gallenkamp
Electric Stirrer

M302 CAMSPEC Ultraviclet spectrophotometer
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CAMSPEC LTD. CAMBRIDGE CB24BG

UNITED KINGDOM.

33 REAGENTS

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

15% Sulphamic acid (BDH chemicals Ltd. Poole, England)

10% Sodium Nitrate (May and Baker Ltd , Dagen ham, England).

Sodium Hydroxide pellets (BDH Chemicals, Poole, England)

Hydrochloric acid (Analar grade BDH chemicals, poole, England)

Acetone - Analar grade (BDH chemicals Poole, England)

Potassium dichromate - BDH Chemicals Ltd . Poole, England
Feric chloride - M & B Ltd., Dagenham England.

3.3.1 Test for uniformity of weight (B.P. 1993 method)

Twenty tablets were randomly selected and their average weight determined. The
tables were then weighed individually and the percentage deviation from the mean weight
determined.

3.32 Identification Test (B.P. 1993 Method).

Powdered tablets containing 0 5g of paracetamol was extracted with 20 ml of
acetone, filtered and the filtrate evaporated to drvness and then dried at 105 "C.  the
residue obtained complies with the following test

i 0.1 g of residue when boiled with | ml of conc HCI for 3 mnutes. 10 mi of

water added and cooled, no precipitate was produced. But when 005 mi of
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0.0167M potassium dichromate was added a violet colour was produced
slowly which did not turn red. |

ii) The residue melt at 168 - 170 °C.

Pure standard paracetamol powder was tested concurrently with test
samples and both gave similar result.
333 Chemical Assay (B.P. 1993 method).

Twenty tablets of paracetamol were accurately weighed and finely powdered. A
quantity of the powder containing 0.15 g of paracetamol was added to 5ml of 0.1 m
NaOH in a 200ml flat bottom flask diluted with 100 ml of water and shaken for 15
minutes. Sufficient water was added to produce 200ml. The solution was filtered. 10ml
of the fiitrate was diluted to 100 ml with water, 10 ml of the resulting solution was added
to 10 ml of 0. 1M NaOH, diluted to 100ml with water and the assorbance of the resulting
solution measured at the maximum at 257nm._ The percentage content of paracetamol was
calculated taking 715 as the value of A (1%.] cm) at the wavelength of 257 nm. The
procedure was repeated five imes
334 Disintegration Test (B.P. 1993 method).

One tablet of paracetamol each was added to 6 tubes of the basket and a disk
added to each tube. The assembly was suspended in the beaker containing 0 IM HCI
maintained at 37 "C = 0.5 "C and the apparatus operated. Disintegration is considered to
be achieved when no residue . remains. The tablets are considered to pass the test if all

six have disintegrated betore |5 minutes



335 Invitro Diststtlution Test (rotary basket methed B.P. 1993) j '

One tablet of Paracetamol was placed in the basket and then placed in the ﬂask
containing 100mi of 0.1mHel, warmed and mamtamed between 36.5°C and 37.5 °C. The

stm'er was set at 100 r, p.m and the apparatus operated f'or 45 mmutes Sample of the

o .‘,. JRETS ._,-._._, 4 ‘-

_dlssolutlon medtum was then Wltl‘ldl‘awn and ﬁltered The ﬁltrate was then assayed usmg

L, uv.. Spectrophotometer at waveleng,th of 257 nm, The procedure was repeal'ed tive

: .':"':":-,,_,.tlmes The percentage released after 45 minutes was calculated by comparing the

. absorbance of the sample obtained with the absorbance given by a known concentration of
pamcetamol in 0. 1M HCl at 257 nm.

' B.P. (1993) specifies that for a tablet to pass the dissolution: test, the amount of

active ingredient released after 45 minutes is not less than 70%.

34 INVIVO STUDY
.. 3.4.1 Study Design

| Twelve (12) healthy voung adult male volunteers with average age of 27.67 years
and average weight of 66.67 kg took part in the study. Prior to participation, they were
all properly screened and certified healthy. No drugs including alcohol and cigarette, \aere
allowed two weeks before their participation in the study. The first six volunteers
received paracetamol tabs 1g each, from the first three different drug selling areas on
different occasions. The second six volunteers were aiso given 1g paracetamol tabs each
from the second three different drug selling areas on different occasions. These are
registered Pharmacy Shops. Hospitals/Clinics and Patent Medicine Stores, The wash out

period was two weeks between attendance by any wndividual for both comrrols and
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samples. The paracetamol tablets were obtained directly from the distributor at the same
time.

Prior to this study twenty (20) Hospitals/Clinics thirty (30) registered Pharmacy
Shops and one hundred and twenty five (125) Patient Medicine Stores were screened for
their storage facilities in Zaria areas. Two of each of drug storage areas with poorest
storage facilities were then selected for the study. The average consumption rates in all
these areas were also obtained (20 Hospitals/Clinics, 30 Pharmacy Shop and 125 Patient
Medicine Stores). The average consumption rate of 1000 tablets per month was obtained.

Dependol ®  brand of paracetamol manufactured by PAAM
PHARMACEUTICALS (DELHI) INDIA was used. The product distributed by VITAL
PHARMACEUTICALS LTD LAGOS

The drugs were stored for two months to allow for drugs that are stocked in
excess of normal consumption rate. Samples taken before exposure (controls) and after
two months exposure (test samples). The sub optimum conditions used are lack of ceiling
fan and air condition, direct sunlight into the premises, cracks in the ceilings and walls,
improper ventilation and exposure to dusts
142 Test Protocol

The subjects fasted overnight before taking part the following moming Prior to
oral ingestion of 2 x 500 mg tablets of the paracetamol each volunteer attended the tnai
room and was allowed a 5 - minutes relaxation on a couch and made used to the room
Sampling took place U the clinical pharmacology trial room of  Ahmadu Bello Universitv
Teaching Hospital Zana. A size 20 g cannula was placed in an antecubital vein and 3 mi

of blood taken (0 minutes)
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After sampling of pm dose blood of 5 rnl 2 X 500 mg, of' paracetamol was then
administered with 200 ml of' water. Blood was then sampled at 5 mmutes 10, 15, 20, 30

60, 90 120 130 240 _300 and 360 All volunteers remamed on the couch and no food

‘or other dnnk was a]lowed dunng the 6 hours of the study B!ood was collected into plam "

'_ 3@?.@“5 and z_ﬂlowed to clot. Serum was obtgiocd by centrifuging for 15mins. Using
pasteur plpettes thcserum ;a.s\.cransferrcd into bijoux bottles, stoppered and stored in a
, deep freezer at -20 °C until the time of analysis. | |
: 344 Analysis
The method of Glynn and kendal (1975) which is specific f‘or.para.cctamol without
interference from the sulphate and glucuronide conjugates of paracetamol was used. | 1ml
of ihe'sample was added to a 25 ml stoppered centrifuge tube contcining 2 m]. IOé/o
tﬁchloroacetic acid. After thoroughly mixed, the tube was centrifuged brieflv and the
claer cupematant decanted into a 25 ml test tube containing | ml 6N hydrochloric acid and
2 ml 10% sodium nitrate. After allowing the contents to stand for 2 minutes. 2 m| of 15%
sulphamic acid was added carefully, followed by Sml 10% NaOH. The ensuiog yellow
colour was measured at 430nm against a reagent blank of water. The absorbances of the
control serum (obtained prior to administration of the tablets) were subtracted from the
absorbances of the serum specimens obtained subseciuemly. The samples were assayed by
reterence to standard cahbration curves.
3.4.5 Calibration Curves.
Smyg of paracetamol powder was wetghed and dissolved in distilled water

rransterred into a 100ml. volumetric tflask and made to volume with distilled water. A

e
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standard paracetamol s;}lution of 50 ug/ ml was obtained. 1.0, 2.0, 3.0, 4.0 and 6.0 ml of
the standard solution were transferred into series of 10 ml volumetric flasks. 1 ml of blank
serum was added to each flask and diluted to volume with distilled water. Solutions of
various concentrations (5,10,15, 20 and 30 ug /ml) were therefore obtained.

All samples were treated as mentioned in the Colorimetric method assay
procedure. The absorbances were measured at 430 nm in | cm cells against a reagent

blank of water. Graphs of absorbance versus concentration were plotted.

35 DATA HANDLING AND STATISTIC

The results of the various studies were carefully recorded. Graphs and tables were
drawn were appropriate. The data were statistically analysed were appropriate.  Student’s
paired t test was used for all the data. P. values less than 005 were considered to be

statistically significant
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TABLE 3.1: THE AGES AND WEIGHTS OF TWELVE VOLUNTEERS THAT

INGESTED IG OF PARACETAMOL EACH

"VOLUNTEER SEX  AGE(YRS) WEIGHT (kg)

! Male 28 68
2 30 72
3 25 66
R} 26 60
5 3l 71
6 29 69
7 27 67
8 32 67
9 23 6l
10 26 O
11 30 66
12 25 60
Mean =S E M. 27.67 £0.80 66.67 £ 1.05

S EM standard Error of Mean



CHAPTER FOUR .
40 RESULTS

W d

- 4.1 Test for uniformity of weight of paracetamol tablets

g The result of test for uniformity of weight is shown in tal;JIe 4.1 o
BP ( 1993)stated .tﬁat not morethantwoof‘the mdmdual welghts (for t;'-l.bllets'.df average
- ;..; wcig,ht .of 250 mg or 'm_ore) _dgviates from the average weight by more than 5% and none
';:l.ex.f_iejlte;l.}.sr‘mor‘e tfi;n .tulfi'c.e tﬁat percentage. -
I .The results show that the samples passed the test for uniformity of weight, since
| .tI;e deviations from the mean :.vellgllf;tobtained are within the specified limit.

- TABLE 4.1: Results of test for Uniformity of Weight for the Brand of Paracetamol

used
- TABLET NO. WEIGHT OF TABLET (g) % DEVIATION FROM THE
1 0.59340 0.0579
2 0.59245 o 02179 -

3 0.58999 0.6322
4 0.59360 - 0.0242
5 0.59310 " 0.1085
6 0.59200 0.2937
7 0.59430 0.0936
8 0.58900 ' 0.7990
9 0.59550 0.2958
10 0.59995 1.0452
11 0.59270 _ : 0.1758
12 (1.59240 0.2264
13 0.59424 0.0833
14 0.5933 - 0.0630
15 0.59200 0.2937
16 0.5944.4 _ 0.1172
17 0.59479 0.1762
i8N 0.59812 0.7370
19 059361 0.0226
B0 0S9sO2 03663
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Total weight of 20 tablets = 11.87488
Average weight = 1187488 = 0593744

20

42 IDENTIFICATION TEST

The samples comply with identification test for paracetamol tablets as contained in

B.P 1993 method.

13 CHEMICAL ASSAY

Table 4.2 shows the result of Chemical Assay of the brand of paracetamol used
The sample investigated has passed the test since the mean percentage content is 99 36
which compiied with B. P. (1993) specification of drug content (95 00 - 105.00°%)

TABLE 4.2: Results of the Chemical Assay for the Sample of Paracetamol Tablets,

_'Ifrail Percentage content Content per tablet (mg) Remarks
1 98.53 492.63 Pass
2 99 00 495.00 Pass
3 101 20 306.00 Pass
4 9932 496 50 Pass
5 08 84 494 20 Pass
Mean =S EM 00 38 =0.473 496.87 = 2.366 Pass

S E M. Standard Error of mean
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44 DISINTEGRATION TEST
The Disintegration time for the six tablets of paracetamol investigated is shown in

table 4.3, All the tablets disintegrated before 15™ minutes which complied with B P. (1993)

specification.

TABLE 4.3: Results of Disintegration test for the six tablets of the Brand of
Paracetamol investigated

 TabletNo  Disintegration time (Minutes) ~Remark
1 7.00 Pass
2 550 Pass
3 6 00 Pass
4 6.50 Pass
5. 5.00 Pass
6 7.50 Pass
Mean £t SEM. 625 +0382 Pass

S E.M = Standard error of mean

45 DISSOLUTION TEST

The mean percentage dissolution in 0 1M HC! atter 45 minues for the six tablets
of paracetamol tried is shown in table 4 4. The mean percentage dissolution is shown to be
859 . This complied with B. P. (1993) specification which states that for a tablet 1o pass
the dissolution test. the amount of the active ingredient released atter 45 mins is not less

than 70%
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TABLE 4.4: Results of Dissolution test {or six tablets of Paracetamol investigated.

TabletNo  Conc.mg/lL  %dissolved  Amount dissolved  Remarks
. dissolved after 45mins __ after 45 mins (mg)
1 446.15 89.23 446.15 Pass
2 421.20 84 24 421.20 Pass
3 430 05 86.01 430.05 Pass
4 42910 85 82 42910 Pass
5 43625 87.25 436 25 Pass
6 41530 83.00 41530 Pass
Mean +
SEM 85935 + 0.8%0 429675 +4.448 Pass

S.E.M. Standard error ot Mean

46 CALIBRATION CURVE
The calibration curve of paracetamol in serum using spectrophotometer is shown

in figure 3 It is linear with correlation coefficient (r) o' I 0 Slope = 0.0032189



0.1
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{ 007 -
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Fig. 3 Calibration curve for paracetamol in serum using spectrophotometer
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47 IN VIVO STUDIES

Tables4.5 - 4.7 show the mean serum concentrations of paracetamol following
administration of 1g to each volunteers for the areas studied. For Hospital 1 and 2. the
mean serum paracetamol concentration ranged between 3. 27 + 026 to 7 38 = 0.16 for the
controls and between 3.07 + 0 13 to 6.42 + 0.15 for the tests. For pharmacy 1 and 2, the
range is between 3.45 £ 0.23 to8 01 £ 0.13 for controls and 303 £0.15t0 7.52 + 0.11 for
the tests. For patent medicine store | and 2 the range is between 3.68 + 011 10 725 =
0.18 for controls and 2.50 = 0.10 to 7.25 + 0.18 for the tests.

The semilog mean serum concentration time graphs are shown in figures 2 - 7 for
both control and test groups for the areas studied. All graphs show first order kinetics

The Pharmacokinetic parameters were analysed from serum concemtrations using
computer programme SIMP

The mean pharmacokinetic parameters are shown in table 49 - 4 11 for control
and test groups for the areas studied Using student t-test the values for tests are
compared to control groups.

Table 4.12 shows the degree of significanof p-values tor the pharmacokinetic
parameters. P-values less than P < 0 03 is considered signiticant

The P-values for volume of distribution (V,) are significant in Hospital | and 2
Pharmacy | and patent medicine 1. But differences are not signiticant in pharmacy 2 and
patent medicine 2

For total plasma clearance (Cl), the differences are sigmificant in all areas studied

except patent medicine 2
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For maximum concentration (C,), the differences are significant in all areas studied
except in Hospital 1 and 2.

For elimination rate constant (k.) the P-values are significant in all areas, except in
pharmacy 2 and patent medicine 2.

The absorption rate constant (k,), the P-values are less than 0.05 in all areas expect
in Hospital 2 and patent medicine 2

Lag time shows significant difference in all areas except in Pharmacy 2 and patent
medicine 1.

Elimination half life (t. ) is significantly affected in Hospital |, Pharmacy | and
patient medicine 2 but not in hospital 2, pharmacy 2 and patent medicine 2

Absorption half ife (t..a) is significantly affected in all areas except in Hospital 2
and patent medicine 2.

Area under the curve from time 0 - 6 hours (AuC,-6) shows significant difference
in Pharmacy I, Pharmacy 2 and patent medicine store |

Area under the curve from 0 - infinity (AuC,-&) is not significantlv affected in all
areas expect in Hospital 2 and Pharmacy 1.

Areas under concentration - time curve (AuC,-a) were used to find relauve
bioavailability in the three different areas Relative bivavailability is highest in Hospital 2

(101.61%) Table 4.8



Table 4.5: Mean Serum Paracetamol concentrations in Healthy control and Test
Groups Following Oral administration of the Tablet (1 g) for Hospitals 1 and 2

MEAN CONCENTRATIONS pg ml + SEM.

TIME HOSPITAL 1 | HOSPITAL ) HOSPITAL 2 HOSPIT 2

hrs mins Control Test Control Test
0.08 5 738 +0.16 638 +0.12 428+078 642+0.15
0.17 10 1252 +0.12 114+015 12.16 £0.22 12.16 £0.22
0.25 {5 (490£0.11 {3.3+£002 1497 £0.08 (494 £0.08
0.33 20 2226+£0.14 | 206+0.12 20.3 £0.11 2047 £0.13
0.5 30 18.00 £0.18 16.9 £0.22 17.42 £0.23 17.40 £0.22
1 60 1713 £0.19 16.33 =0.11 16.00 £0.17 1573 £ 043
15 90 1498 =0 10 130030 1283 +£009 12.83 =0.09
2 120 | 1300016 | 11.73=0.14 1203 +£0.11 1267 =008
3 180 8345019 85010 867+013 { 867013
4 240 7.20 £0.15 6.48 = 0.08 648 =008 ]i 643 +£0.12
5 300 5.23+0.17 442009 467 =034 !l 50=0.09
6 360 417+0.08 307=0.13 3272026 E J43 =018

i

SEM = standard error of Mean.
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TABLE 4.6: Mean Serum Paracetamol Concentration in Healthy Control and Test
Groups Following Oral Administration of the Tablet (I g) for Pharmacy Shop I and

2
MEAN COPNCENTRATION png/ml + SEM.
TIME PHARMACY | PHARMACY | PHARMACY | PHARMACY
SHOP 1 SHOP [ SHOP 2 SHOP 2
hrs. Mins. CONTROL TEST CONTROL TEST
008 5 7.13+0.18 6.25+0.09 8301 +£013 7.52+0.11
0.17 10 123 +024 12.6 £0.05 1273 £ 0.11 1233 x0.11
025 15 1488 £0.19 126%0.13 156054 144+£010
033 20 2147 2044 19.10 +0.13 2263 £0.54 2227+0.11
05 30 17.47 £ 0.38 144011 1903 =011 1507 011
l 60 g 16.40 =0.29 [556 +0.11 1733016 1603 =0 11
1.3 90 14.95 £ 037 12753 £0.11 15.83 £0.11 1480 =013
2 120 12.13 +0.30 11.06 +0.21 1455 +0.17 1295 +018
3 180 837+014 803+0.12 l 970x0.16 863+0.15
4 240 681018 | 64=006 i 79=z0.11 7.17£0.17
5 300 : 159 4044 E 3.73+0.14 ' 6.53 =0.08 6.10 =0.10
6 300 E 545+023 : 3.0 £0.15 | 553 =014 367 =013

SEM = standard Error of Mean




TABLE 4.7: Mean Serum Paracetamol concentrations in Healthy control and Test
Groups following Oral Administration of the Tablet (I g) for Patent Medicine Store

Iand 2.
MEAN CONCENTRATION pg/ml + SEM.

TIME PATENT PATENT PATENT PATENT

MED. STORE I | MED. STORE 1| MED STORE | MED. STORE

"

hrs mins CONTROL TEST CON%ROL TE—ST
0.08 |3 7.03+0.15 5.41+0.14 7.25+0.18 7.25+0.18
017 |10 12.83 +0.09 9.46 +0.09 12,50 + 0.13 12.53 +0.16
025 |15 14.87 £ 0.06 12.18 £+ 0.07 14.57 +0.20 14.48 +0.21
033 |20 22.15+0.15 1882014 | 2213+0.12 | 2220+008
05 30 1797 =0.09 1527 +0 15 18332011 | 1823£0.14
| 60 16.8 +0.15 13.5+044 | 16.20+007 } 16.20 = 0.07
15 90 158+013 11.9+02] 1507 +015 ! (510013
2 120 13.67 £0.26 1088 033 1273 £0.11 [ 12.8 =033
3 180 8.53 008 605014 1 817 £0.09 ’ 808 =008
4 240 E 7524011 833+0.15 E 7.22 2020 { 715 =0.2
5 | 300 } 652:015 | 467:018 ] 570=011 ;l 57:011
6 360 | 5308 +011 .: 250=z0.10 4.55+£0.20 ! 437 =008
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TABLE 4. 8: The Relative Bioavailability of Paracetamol kept in the three DifTerent
Drug keeping areas

Drug keeping ér;a : A_uCo-cf p;; ;mlh ﬁélz-l.ltivtle“bi‘é)a‘l-\-rziil‘a.biIi_t-y“'i.':i‘:

Hospital 2
Hospital 1
Pharmacy |
Pharmacy 2

Patent Med Store |

Patent Med Store 2

67.2019

64.3316

61.5627

76.2063

476366

101.61

87.64

8893

8762

76.46

08 80



Log. Mean Serum Concentration ug/ml.
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Fig. 4 Semi-Log Mean Serum Paracetamol Concentraion-time Graph for Hospital

1 Control and Test after ingestion of 1G.
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2 Control and Test After Ingestion of I1G



70

12 +

o o
[=2] [+ ]

o
EN

Log. Mean Serum Paracemol Concentration ugiml.

wn

0 1 2 3 4
Time in Hours,
KEY: vl = Control. y2 = Test

Fig. 6: Semi-Log Mean Serum Paracetamol Concentration-time Graph for
Pharmacy Shop T Control and Test after Ingestion of iG.
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TABLE 49

MEAN PHARMACOKINETIC PARAMETERS FOR HOSPITAL | AND 2 CONTROL AND TEST GROUPS

Pharmacokinetic HOSPITAL | CONTROL HOSPITAL 1 TEST | HOSPITAL 2 CONTROL. HOSPITAL 2 TEST
Parameters L
Vd (ml) 43976.35 £5543 4744534 £2907 48163 .84 1 486.6 48800 82 + 8240
Cl ::._\3 1362796 +834 1554983 + 1297 15168.65 + 3946 14897 22 + 2244
Co (pg/ml) 23.70 £0.2 22.35 +0.3 2170 +03 21.54 403

Ke (pg/mi/h) 031 £00 033 £00 027 +00 031 t00

Ka (ug/ml/h) 6.18 £06 646 +03 818 +03 795 402

Lag time (h) 003 +00 003 +00 005 +00 004 +00

t %P (h) 224 +00 212 +0.0 221 +0.1 225 +00
t2a(h) 0.12 £0.0 011 £00 0.09 +0.0 009 400

AuCo-6 (pg/mi,h) 5994 +00 5495 +03 5571 +05 5603 +05
AuCo-o(pg/mlh) 7339 +04 6433 +05 6614 +17 6720 410

Tomax (hr) 0.33 0.33 033 033




TABLE 4.10

MEAN PHARMACOKINETIC PARAMETERS FOR PHARMACY SHOP 1 AND 2 CONTROL AND TEST GROUPS

Pharmacokinetic PHARMACY SHOP | PHARMACY SHOP 1 PHARMACY SHOP 2 | PHARMACY SHOP 2
Parameters CONTROL TEST CONTROL TEST
Vd (ml) 46173.23 + 10774 4963696 +3252 4299093 +4130 45727.55 + 306 4
Cl (ml/h) 14474 18 + 2875 16254.13 + 1845 1150512 +120.1 1313916 £ 21210
Co (ug/ml) 2296 £06 21.25 +0.2 2357 +1.7 22424 0.1

Ke (pg/ml/h) 031 £0.0 0.33 £00 027 +00 02040

Ka (ug/ml/h) 682 +0.2 647 +0.1 7.01 +02 749 +0]

Lag time (h) 0.03 £00 0.03 +00 003 +00 003100
t%p(h) 221 £00 2.12 £ 00 259 +00 2.41 £ 0.00

t Y2 (h) 0.10 £0.0 011 00 010 +00 009 1000
AuCo-6 (pg/mlh) 58.14 +08 5226 +04 6627 403 60 6.4+ 070
AuCo-a(pig/mlh) 6922 +14 6156 +07 8697 +09 76.21 +1.2

Tomax (1) 0.33 0.33 033 0.33




TABLE 4.11

MEAN PHARMACOKINETIC PARAMETERS FOR PATENT MED STORE | AND 2 CONTROL AND TEST GROUPS

Pharmacokinetic PATENT MED. STORE | PATENT MED. STORE 1| PATENT MED STORE | PATENT MED STORE
Parameters | CONTROL TEST 2 CONTROL _2TEST
Vd (ml) 4623535 +£190.5 53291.28 +944 4 44640 68 + 381 8 44957 76 + 3207
CI (ml/h) 13321.16 £1258 18222.95 +3213 1329296 + 1156 1345302 +929

C, (pg/ml) 2313 £0.] 1991 +05 2281 201 2280 401

K (pg/ml/h) 029 +0.0 034 +t00 030 + 00 030 + 00

K, (ng/ml/h) 7.04 +0.1 675 + 02 718 +01 714 +01

Lag time (h) 0031 +00 004 +00 0.17 +0.1 007 +00
twp(h) 241 +0.02 203 +00 233 +00 232 100
tua(h) 0.10 £00 010 £00 0.10 +00 010 +00
AuCo-a (pg/mih} 6230 +04 47.64 109 5997 +03 59.75 +0.3
AuCo-a(pg/ml,h) 75.10 +0.71 5496 +09 75.26 +0.7 7435 +05

Tomax (h) 0.33 033 033 033




TABLE 4.12

PHARMACOKINETICS OF THE TEST GROUPS AND THEIR ‘P* VALUES IN RELATION TO 005 AS COMPARED TO THE

CONTROL GROUPS.
Pharmacokinetic | HOSPITAL 1 | HOSPITAL 2 | PHARMACY | PHARMACY | PATENT MED. PATENT MED
Parameters P 0.05 P 0.05 SHOP | SHOP 2 STORE 1 STORE 2

P 005 P 0.05 P 005 P 005 ]
Vd (ml) 4744534 < 48809 82 < 49636 96 < 45727.55 > 53291.28 < 44957 76
Cl (ml/h) 1554983 < 14897 22 1625413 < 13139.16 18222 95 13433 02
Tonax 033 > | 033 > 1 033 > 1 033 > 033 N33
Co (ng/ml) 2235 > | 2154 > 2125 < | 2242 < 19.91 22 80
Ke (ng/mb/h) 0.33 < | 0.31 < | 033 . 0.29 034 0 30
K, (ng/ml/h) 6.46 < 7.95 > | 647 < 7.49 6.75 714
Lag time (h) 0.03 < 0.04 < 0.03 < 0.03 > 004 007
ty P (h) 2.12 < 225 > | 2.12 241 > 203 < 2.32
tya(h) 012 < 0.09 > 1 011 < 0.09 < 010 : 010 >
AuCo-6 A_:EE.E 5495 > 56.03 > | 5226 < 60.63 < 47.64 59 75
AuCo-ct 6433 > | 6720 < | 6156 < | 7621 > | 5496 7435

(ng/ml,h)




. CHAPTERFIVE
5.0 DISCUSSION

5.1 QUALITY CONTROL ANALYSIS -7 = s = 0w

The brand of paracetamol used passed all tﬁe quaiit-y. control analyses. | =
Results from test for umformity of weight indicaied not more than two of the
.indiIVidual weight (for tablets of average weight of 250mg or more) deviateq from the
| average Weight by'.m(.aré. tha:n ...S'% and none deviﬁted by more than twice that p.e'rt.‘:.éhtage.
This is withip the specified limit (B.P.1993).
| ;The bféhd has Eompiied with .identiﬁcation and chlerhical assay te.sts.‘T.he mean
percentage content is 99.21 which is within the official limit (95.00 - 105.00%)

All the tablet disintegrated before 15.0 minutes with mean disintegration time of
6.25mins, |

The percentage dissolution of the tablets s 85.9 complymg with otficial
specification which states that for a-tablet to pass the dissolution test, the amount.of the
active ingredient released after 45mins shoulid not be less than 70%a.

These various tests confirm that the brand used is of good quality.

52 IN .VIV() STUDIES

The semi log mean serum concentration time graphs shown that results obtained
from samples in all the areas studied fitted into first order kinerics. There is no difference
as regards this charactertstic in all the areas between the tests and controls, This means the

rate of elimwnation of the drug from the body at anytime is proportional to the amount of
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drug in the body at that time. The proportion

. amoun i the fist oder limination ate constat (Gibaldand Perier, 1975). 1.5
SHUE The Pﬁanﬁ;c};gj;eti.cs | ofparacetamol .h‘azve. been :mestlgated .. éx?éhsive.'ly |
(Rawlings 1977, Clements, 1978, Bello 1990; and Thomas 1993). s o |
. They.have all shown varying inter-individual differences in the élasmal Ievells .anc.l
-.‘Ifﬁ;r.r'x;;éokinetics of pafaé:étémol, All the pﬁérmacokinetic parameters derived compared
well with_ alreadj_f establishe.d values. .-
| From the valﬁes deriQed, there afe significant differences in the maﬁimum Plasmﬁ
concentrations in the brand from the various areas studied compared to the controls (P <
0.05) execept for Hospital 1 and 2. The maximum plasma concentrations range between
18.82 - 22-68ug ml (tables 4 9 - 4.11) These concentrations are reasonably higher than
therapeutic concentration of 1 - 10 ug/ml reported by Horwitz and Jatfow. 1977
However, the. time taken to attain maximum plasma levels (Tmax ) remains the same in
the storage areas and is 0.33hr (20mins). Areas under the curve from zero to intinity have
not. shwon any statistically significant differences except in Hospital 2 and Pharmacy Shep
I (P < 0.05) (Table 4.12). These three parametersatfect the bioavailability of a particular
drug. Peak plasma concentration {(Co) and the time to attain peak plasma concentration
(Tmax) determine rate of absorption while area under the curve, Auc determines extent of
drug absorption. These two combine, will tell us the extent and rate of drug availability in
systemic circulation. It could be said that in most storage areas studied except for Hospital
2 and Pharmacy. !, the biocavailability is not greatly affected. Thus is based on the
following reasons. One, the ditferences in plasma peak concentrarion range is small 18.82

- 22 63 ug/ml and since this is above therapeutic concentration the difference is negligitle.



- Secondly, the time to attain maximum plasma levels remains the same in all the
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areas. These therefore su 'gééét rate of dmg 'a;?\iba}]abi‘ﬁr'y'té' be the same. Thiraly Areas under

the curve 1o infinity have been sh_qun_ not be statistically different except for Hospital 2
Ia.;;d- i’ilé;'rmacy shop 1. T‘ms means.“t;xt.cnt‘of dmg av;flilabilify .in‘. s.lyst;e.m.ic. circ;w;:la’;ion..i.s.

The rélative Eioavaiiabilities (Téble 4‘,8.) determined sh.ox.ved.bioequivalent in afl the |
.' areas studied, since the difference in their relative bioavailabilities satisfied the standard
requirement of not more than 25% (Wagner, I1975).

IThc .lag ﬁme is significantly affected in most areas studied where the P- values; are
less than 0.05, except Pharmacy shop 2 and patent medicine 2. The range is between
0.0259 £ 0.00186 - 0.1730 + 0.064(h) for controls and between 00263 + 0.00176 -.
0.0701 * 0.038h for the tests. The statistical difference could be due to storage conditions,
In those with higher_ lag time than the controls, it could be due to hardness of the tablets
since some of these areas lack functional ceiling fan, air condition and the ventilation was
generally poor. Alse there were cases of these areas being exposed to sun rays. These
factors could increase the tablets hardness caused by constant exposure as these tablets are
dispensed. For those with reduced lag times there are cases of cracks in the cei]ings. and
zincs and walls which allow rain water into the premises. This éould affect moisture
contents makiﬁg the drug dissolution faster when the tablets were administered reducing
lag time. Individual variations are another possible reasons.

These facts could affect absorption rate constants. and absorbtion haif Lives {t'3
o). The absorption haif lives range between O‘OSSZ'h to 0.1195h for the controls and

between 0.0875h - 0.1085h for the tests. The absorption rate constants range between



samples. Absorption half life, absorbtion rate constants and lag time affect onset of action,

'
L ' - Y

The on set 1$ quick mth .réchl.ucec.! valuesand r.i'fl,-zlé.yed vmh mcreasedvalues
) Another factor that could affect paracetamol ébsorption is gaé.tric emptying as méy
be due to iqdividuaj variations. Gastric emptying is an important rate - limiting step in the
‘.abéorp;:ion of paracetamol (Clements et al 1978). The degree of intersubject variability
depend on the type of drug and may differ from group of subjects to another depending on
age and other factors {Koup and Gabaldi, 1980). |

For total body clearance (Cl), there are stzlltisticaliy significant differences in all
storage areas studied except for patent medicine store 2. In these areas the test values are
greater than control values meaning more volumes of plasma were cleared of the drug per
unit time and reduced incidence of toxicity. Using plasma levels, Rawlings ¢f af. 197‘}
reported total body clearance to be 23040mi h.lt is not clear how the sicrage conditions
could affect total body clearance but it is obvious that the physiological determinants of
drug clearance are organ blood flaw, the inherent ability of the organ to extract the drug
from the blood and the extent of binding of the drugs 1o plasma proteins. These factors
could vary from individuals to individuals.

The elimination half lives are generaily lower thanﬂ controls even rthough the low
levels are pot statistically significant in some area studied. This is in agreement with the
definition of elimmation half life, which h mversely proportional to clearance. The values
compared with that obtained by Rawlings ¢/ «f., 1977) of 2.4h.

Elimination rate constants follow the sgme pattern as all the test values are nigher

than the controt values. This is expected since clearance is directly proportional to

:'K
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elimination rate constants. All these parameters affect the dosing intervals.

Volume of distribution are generally higher in tests compared to controls. It is
directly proportional to total body clearance and this has been shown in this study. The
higher values are expected since areas under the curve are generally low compared to the
control groups This is because apparent volume of distribution is inversely proportional to

Area under the curve.

53 CONCLUSION AND RECOMMENDATION.

The brand of paracetamol tablets used have passed the official tests for
identification percentage content, weight variations. disintegration and dissolution tests
according to B P. 1993

The results obtained from this studv aftter stonng the tablets for two months

showed that samples from all the storage areas fitted into first order kinetics,_

The swudy revealed statisticallv significant differences in peak Plasma
concentrations in most areas studied compared to the controls. These differences are not
therapeutically significant, since the maximum concentrations in all areas are above
therapeutic concentration. This shows that there are enough concentrations o elicit
pharmacological actions These differences could only be significant therapeuticaily in
cases of drugs with low plasma concentrations as low as nanogram/ml and drugs with fow
therapeutic indices

The results have also shown that the storaze conditions have not attected

bioavailability and bioequivalence
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The sub-optimum conditions have led to variable kinetics of other parameters such
as volume of distribution, clearance, absorption and elimination rate constants, lag time,
elimination and absorption half lives of paracetamol These differences could also be due
to individual variations as shown in other studies.

It is therefore recommended that such studies should be extended to other
preparations such as liquid preparations and injectables. The study could be modified to
include nﬁc:ﬁbial identification and counts. This will improve the determination of
suitability of pharmaceutical preparations as they are kept for patients to use.

| The pharmaceutical inspectors should intensify effort in ensuring standard storage
conditions and this should be taken as important as premises registration. This can
effectively be done through the support of the government by post registration monitoring.

The high ratio of patent medicine stores to pharmaceutical chemists is of serious
concern (as high as 40) The percentage of sub-optimum storage conditions is higher in
these areas. Apart from this. thev also serve as depot for expired, adulterated and fake
drugs. No body knows the level of this. Government should intensity action to arrest the

situation
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