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ABSTRACT

The effect of a single oral dose of ranitidine
I50mg was studied on the absorption and pharmacokinetic
parameters of metronidazole following a single oral
dose of 400mg in four healthy volunteers (age 28-35,
weight 50-65kg) administered one hour after ranitidine

in a cross-over study.

The administration of ranitidine I50mg an hour
before the dose of metronidazole did not affect
significantly the mean absorption and pharmacokinetic
parameters of metronidazole (p>0.5). Ranitidine
increased Kabs by 20.5%, t'? by 10.15%, Tiag by 60.8%
and decreased Tmax and Cmax by 7% and 3kh% respectively
(in all cases P>0.05). Similarly, Kel and CITBC were
decreased by 8.11% and 1.1% (P> 0.1 and > 0.5

respectively) while t?

, Vd and AUC were increased by
8.26%, 6.8% and 1.92% respectively (P>0.1, > 0.5 and

>0.5).

Similar to results obtained in previous studies,
there were variations in the plasma concentrations and
pharmacokinetic parameters of metronidazole in man.

The effect of ranitidine on the kinetics of metronidazole
was highly variable and in some volunteers it was
substantial. It is concluded that despite the large

inter-individual differences, ranitidine does not alter

Vi



t he nean pharnacoki netics of metroni dazole in man,
but that sinply using the nean data for conparison

coul d be m sl eadi ng.
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CHAPTER ONE

INTRODUCTION

1.0 DRUG INTERACTIONS

When two or more drugs are given in combination,
the response may be greater or smaller than the sum
of the effects of the two drugs given separately.
Drugs are of course given in combination for enhanced
therapeutic effects with reduced toxicity, Familiar
examples include combinations of antihypertensive
drugs, antibiotics and cytotoxic drugs., Drug interaction
is the meodification of an effect of one drug by the
presence of another whether by direct or indirect
means; in some cases, there may even be qualitative
differences in response (Prescott, 1987)., The problems
of drug interactions have attracted attention in recent
years, Doctors have always practised poly~-pharmacy
and until fairly recently, this mattered little because
the majority of drugs had little or no pharmacological
activity., At the present time, however, scores of
potent drugs are prescribed on an enormous scale to
a public with an insatiable appetite for medication.
The average hospital in-patient is sometimes treated
with 5 or more drugs simultaneously; some with as

many as 15 drugs concurrently. In one hospital, one



patient in 10 received 10 drugs at once, while in
another, one patient was given more than 50 different
drugs during a single admission (Koch-Weser, 1975).

The elderly are at particular risk of drug interactions,
They are more susceptible to drug effects and receive
more drugs more often in combination than younger
patients (Law and Chalmers, 1976), Interactions may
vary from person to person, and may be of major

clinical significance or of no signifi<ance at all,

Mechanisms of Interactions

The mechanisms of interaction may be quite
varied and complex, In some cases, more than one
mechanism may be involved, Thus any classification
of drug-interaction mechanisms is 1iksly to be an
over-simplification (Hansten, 1979).' Broadly speaking,
drugs may interact on a pharmaceutical , pharmacodynamic

or pharmacokinetic basis,

Pharmmaceutical Interactions

Pharmaceutical interactions may cccur when drugs
are inactivated or precipitated when mixed inappropriately
in syringes and infusion fluids prior to administration... 
Numerous incompatibilities have been <emonstrated |

including the inactivation of carbenicillin by gentamicin,
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reversibly with receptors and thus”preventihg the
access of the physiological transmitter acetylcholine,
Since the drug-receptor combination is reversible, '
it is possible to overcome the antagonism by increasiﬁg
the amount of the agonist at the receptor site. Thus
muscle paralysis induced bynon-depolarising relaxants
Such as d-tubocurarine can be reversed by necstigmine
which inhibits cholinesterase and increases the
concentration of acetylcholine at the receptors
(Davie, 1977). Serious interactions characterised

by extrapyramidal syndromes and irreversible dementia’
have been reported with ¢{-methyldopa combined with
haloperidol {Thornton, 1976). Both drugs act on
central dopeminergic receptors, Other examples
include bradycardia and atrio-ventricular conduction
defects with calcium antagonists given in combination

with pB-adrenoceptor blockers (Lewis, 1983).

Drugs having similar Pharmacological Effects

Combinations of drugs acting at the same s;tg or
influencing the same physiological system may cauée'
exaggerated or reduced responses, For example, the
effects of hypnotics on the CN3 are potentiated by
ethanol, opioid analgesics, antihistamines,etc,

Similarly, diuretics, propranolol, enaesthetics and
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CNS depressants may potentiate the blood pressure-lowering

effect of antihypertensives (Crook and Nies, 1978).

Alteration of Electrolyte Levels

Changes in electrolyte balance may alter the
effect of drugs, particularly those acting on the
myocardium, neuromuscular transmission and on the
kidney. One important interaction is the potentiation
of the action of cardiac glycosides by diuretic-
induced hypokalaemia (Koch-Weser, 1975). The anti-
arrythmic actions of phenytecin, procainamide and
lignocaine are antagonised by hypokalaemia and the
sudden release of potassium from muscle following
injection of suxamethonium could cause ventricular
arrythmias in patients receiving digitalis (Dreifus
et al., 1974). |

Interference with Intracellular Transport Mechanisms

One drug may interfere with the uptake and
transport of another to intracellular sites of action.
Many aromatic amines are taken up into sympathetic
nerve endings by an active transport mechanism which
can be blocked competitively by sympathomimetic amines
and other compounds. For example, therapeutic doses

of aphedrine, phenylphrine, chlorpromazine and
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tricyclic antidepressants can inhibit the blood

pressure lowering action of such drugs as bethanidine

(Oates, et al., 1971). Tricyclic antldepressants such

as imipramine may potentiate the pressor effects of

~ adrenaline and nor-adrenaline {(Crook and Nies, 1978).

Pharmacokinetic Interactions

These are interactions in which the absorption,
distribution, metabolism or excretion of a drug is

altered by another,

Drug-Absorption Interactions

One drug may alter the rate of absorption or _
the extent of absorption of other drugs from the gastro-
intestinal tract (GIT). Becazuse several mechanisms are
involved some of which are poorly understood, the
prediction of drug absorption interactions is very
difficult (Prescott et al., 1977). These mechanisms
may also vary from one drug and one formulation to
another, It is also important to differentiate between
interactions that alter the rate of absorption and
those that increase or decrease total amount of drug
absorbed (i.e alter biocavailability) since the conse~
quences may be quite different., A change in rate of
absorption of a drug with a long plasma half-life
such as warfarin would have little or no effect if all
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the drug were eventually absorbed whereas a change
in the total amount absorbed may be disastrous. On
the other hand, if the rate of absorption of a drug
with a short plasma half-life such as procainamide
is reduced, plasma concentrations may never be
reached, Delayed absorption is also important when
a rapid effect is required such as with analgesics

and hypnotics,

1.4.1.1 Alteration of pH of Gastro-Intestinal (GI) Fluids

Since many drugs are weak acids or bases, the
pH of the GI contents may influence the extent of
absorption, The rate of absorption of many drugs
may be limited by the rate at which the drug passes
into solution from tablets or capsules, Basic drugs
are more soluble in acld GI confents and acidic drugs
are mere soluble in alkaline fluids, On the other
hand, basic drugs will tend to be ionised and less
lipid soluble in acid solution and hence less rapidly
absorbed but these theoretical considerations do not
always hold in man (Prescott, 1987). For example,
weak acids such as aspirin are absorbed more rapidly
from bufferred alkaline solutions than from unbufferred
golutions at pH 2-8., Drugs that alter pH may therefore
have complex and unpredictable effects on the absorption

of other drugs (Welling, 198L). For example,the
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Hy~antagonist,cimetidine,reduces the absorption of
ketoconazole probably through effects on pH-dependent
dissolution (Somogyi and Gugler, 1982) while
ranitidine increases the oral bicavailability and
central depressant effects of midazolam and the
mechanism is thought to involve pH-dependent changes
in solubility caused by ring closure (Elvcod et al.,
1983), Factors other than pH Seem to be more

important determinants of GIT absorption (Hussar,
1985).

Complexation and Adsorption

Drugs may react directly within the GIT to form
insoluble chelates which cannot. be absorbed e.g iron,
calcium, aluminium and msgnesium and tetracycline
(Neuvonen, 1976), In some cases,however, more
rapidly absorbed soluble complexes may be formed,
for example,the abscrption of dicoumarol is increased
by the formation of a more soluble complex with

magnesium hydroxide (Ambre and Fischer, 1973).

Absorption of drugs may also be reduced if
they are given with adsorbents such as kaolin or
charcoal or anionic exchange resins such as choles=-
tyramine and colestipol., Digoxin absorption is

Seriously impaired by some antacids and kaclin-pectin
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(Brown and Juhl, 1976) while propranolol absorption

is reduced by colestipol and cholestyramine

(Hibbard et al, 198L).

Alteration of Gastric Bmptying and GIT Motility

Drugs are absorbed much more rapidly from the
small intestine than from the stomach. It follows
that agents which increase or decrease the rate of
gastric emptying or GIT motility may influence the
rate of abscorntion and in some cases the extent of
abscrption of other drugs given at the same time
(Nimmo, 1976; Prescott, 1979). Drugs such as levodopa
are metabolised by the gastric mucosa and if gastric
emptying is delayed, less unchanged drug would be

available for absorption.

Opioid gnalgesics such as pethidine and penta-
zocine can produce a marked delay in gastric emptying
and slow the rate of absorption of paracetamol
(Nimmo et al., 1975). The inhibitory effect of strong
analgesics on gastric emptying contributes to
impaired absorption of oral antiarrythmic agents
and therapeutic fallure in patients with acute
myocardial infarction (Pottage et al., 1978). Meto-

clopramide accelerates gastric emptying and increases
the rate of absorption of paracetamol, Metoclopramide

has also been shown to increase the rate of absorption
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and peak plasma concentrations of a number of

drugs including diazepam and propranolol (Nimmo,
1976). On the other hand, plasma concentrations
of digoxin from slowly dissolving tablets are

decreased, possibly as a result of the decreased
time available for dissolution and absorption of
digoxin, a poorly soluble drug (Manninen et al.,

1973).

Anticholinergic drugs such as propantheline
decrease GI motility and slow down the rate of
absorption of paracetamol (Nimmo et al., 1973).

On the other hand, the bioavailability of poorly
absorbed drugs such as dicoumarol is increased by
tricyclic antidepressants (Pond et al., 1975).

The tricyclic antidepressants have marked anti-
cholinergic effects which probably slow GI motility.
This may increase the time available for dissolution
and absorption of dicoumarol, Antacids such as
aluminium hydroxide gel delay gastric emptying and
can decrease the rate of absorption of highly
soluble and rapidly absorbed drugs such as pento-
barbitone, By contrast it does not decrease the
rate or amount absorbed of ampicillin trihydrate,

a drug which is slowly and incompletely absorbed;
this further illustrates the unpredictable nature

of drug-absorption interactions,
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1.4.1.4 Competition for Active Absorption Mechanisms

1.4.1.5

1.4.1.6

Drugs which are analogues of naturally occurring
purines, pyrimidines, sugars and amino-acids (e.g
¢-methyldopa) may be absorbed by specialised active
transport mechanisms which occur primarily in the
small intestine and absorption could be inhibited
on a competitive basis, Consequently, a high protein
diet decreases the therapeutic effect of levodopa
while a low protein diet increases the therapeutic
effect (Mena and Cotzias, 1975).

Toxic Effect on the GIT

Patients receiving long-term therapy with
para-amino salicylic acid, neomycin and colchicine
may develop a malabsorption syndrome (Ehrenfeld et al.,
1982). In such circumstances, the absorption of
other drugs might be impaired, Thus,colchicine may
cause megaloblastic anaemia through interference

with Vitamin B4, absorption.

Changes in Bacterial Gut Flora

Some drugs are metabolised extensively (e.g
sulfasalazine) or in part (levodopa) by the gut
bacterial flora. This process might be altered by

concurrent administration of antibacterial drugs.
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Suppression of gut flora by antibiotics might limit
the metabolic conversion of sulfasalazine to itg..
components {Das and Dubin, 13976), The intestinal
metabolism and absorption of levodopa is abnormal in
patients after treatment with neomycin (Goldman et al.,
1974) . Antibiotics may also prevent the intestinal
bacterial hydrolysis of drug conjugates into bile and
thus reduce the reabsorption of active parent drug.
In this way, antibiotics may reduce enterchepatic
circulation of cestrogens in oral contraceptives,

possibly resulting in therapeutic failure (Back et al.,
1981).

Drug Distribution Interactions

One drug may change the distribution of another
and thereby alter the concentration of unbound active
drug at sites of action, Many drugs and drug meta-
bolites are highly bound to plasma proteins. Generally,
acidic drugs bind predominantly to albumin, though not
necessarily to the same site while basic drugs such
as tricyclic antidepressants and propranclel bind to
the acute phase reactant protein qa—acid glycoprotein
as well as albumin, Under certain circumstances, the
addition of another drug to a primary drug regimen
may result in displacement of the primary drug from

its plasma-protein binding sites leading to altered
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kinetics and in some instances changed drug effects
~ in the patient., As displacement makes more free
{(unbound) drug available for metabolism or glomerular
filtration, the displaced drug can normally distribute
out of the plasma compartment., However, increased
free drug concentrations in the plasma are usually
transient and therefore do not commenly give rise to
altered pharmacological effects in patients.
Important determinants of plasma-protein binding

displacement interactions and their potential

significance include {Prescott, 1987):

(a) The affinity of the interacting drugs for the
binding protein and the site at which they bind on
the protein molecule.,  For one drug to competitively
displace another, it must have a high affinity for
the protein relative to the displaced drug and bind

on the Same site on the protein molecule,

(b) The concentration of the drug in plasmas
Competitive displacement occurs when the product of
the free concentration of the displacer and its.
binding constant is high, This implies that important
displacement will only occur with drugs used at plasma
concentrations high enough to exceed the binding
capacity of their own primary binding sites on the

protein molecule,
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(¢) The elimination characteristics of the drug:

For drugs with a low extraction ratio (ERR), the

organ exXxtraction and consequently clearance are
limited by protein binding and thus will be altered
by changes in unbound fraction, For drugs with high
ER, binding to plasma proteins does not protect the
drug from elimination, and in such cases clearance

is dependent only on the amount of drug presented

to the eliminating organ which is in turm proportional
to its° blood flow. A highly significant and
potentially dangerous drug-distribution interaction
has been demonstrated by the drugs warfarin and phenyl-
butazone. bBoth are extensively bound to plasma
proteins. Phenylbutazone however, has a greater
affinity for the binding sites resulting in the
displacement of warfarin and making increased quanti.
ties of the 'free' drug available, The net concentra-
tion of warfarin in the systemic circulation is
increased, as a result of which there is increased

anticoagulant activity with risks of haemorrhage.

The consequencies of plasma protein binding
displacement are likely to be exaggerated in patients .
with hypoalbuminaemia and renal failure (in which the
binding of certain drugs is altered) or certain types
of severe liver disease (in which the binding and

clearance of acidic drugs can be altered) (Blaschke,1977).
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Important interactions can also occur if one drug
displaces another from binding sites (other than
receptors) in the tissues, 3uch interactions have
a much greater potential for adverse effects as in
this case plasma concentrations of free drug will
be increased especially if the displacement is
extensive (McElnay and D'Arcy, 1983). For example,
gquinidine causes a variable but often very significant
increase in the steady state plasma concentrations
of digoxin probably by decreasing it's volume of
distribution or by displacing it from tissue

binding sites (Fichtl and Deoering, 1983).

1.4.3 Drug Metabolism Interactions

Many drug interacticns have resulted from the
abillty of one drug to stimulate or inhibit the
metabolism of another through activating or
inactivating the hepatic microsomal enzymes
involved in the metabolism of numerous therapeutic

agents,

By an oversimplification, drugs may be divided
into water soluble and 1lipid soluble compounds,
Water soluble drugs are mainly excreted unchanged
through the kidneys. Lipid soluble drugs are
initially flltered in the glomeruli but may be
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fully reabsorbed further in the distal portion of the
nephron, Such drugs therefore have to be metabolised
to more polar compounds before they can be excreted
in the urine (Remmer, 1970). Their rate of metabolism
will determine the duration of action of single doses
and the intensity of action of multiple doses, This
1s because the steady state plasma concentration

largely depends cn the elimination rate constant,

The liver is the most important overall site
of drug metabolism, Usually, the metabolites tend to
be more water soluble and more readily eliminated from
the body and have less pharmacological activity.
However, this 1s not always the case. Chemically,
there are two general types of reactions, 1Initially,
there may be the addition of a polar functional groupg”
deletion of a non~polar alkyl group by oxidation,
reduction or hydrolysis (Phase I}. Water solubility
can then further be increased by conjugation with
endogenous compounds such as$ glucuronic acid, sulfate,
acetate or glycine (Phase II) (Tucker, 1979). These
metabolic reactions are facilitated by enzymes. Within
the liver cell, the most important enzymes are the
hepatic microsomal enzyme oxidation system located in
the smooth endoplasmic reticulum, It is responsible
for many Phase I reactions, It is composed of two
enzymes, cytochrome P-450 and reduced nicotinamide
adenine dinucleotide phosphate (NADPH) cytochrome
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P-4,50 reductase and requires NADPH for its action.

The clearance rate for drugs that are primarily
eliminated by microsomal enzymes is variable within
and between patients and is affected by patient's
genetic background, age, nutritional state, disease
and exogenous chemicals, One source of this
variability is that multiple forms of cytochrome
P-450 exist, These iso-enzymes (as they are called)
vary in metabolising activity for a given substrate
and exhibit varying degree of overlapping substrate
activity., At least six isocenzymes have been
identified but there may be more than 60 (Hebert
et al,, 1981; Waltz et al., 1982).

Induction of Drug Metabolism

Many lipid-soluble drugs and foreign compounds
stimulate drug metabolism through induction of hepatic
microsomal enzymes., The increased activity is probably
due to enhanced enzyme synthesis resulting in increased
amounts of drug-metabolising enzymes., Induction of
drug metabolism is a complex dose-related phenomenqg,
Induction usually develops. over a period of several
days or weeks, and persists for a similar period
following withdrawal of the drug. Long term exposure

to inducing drugs such as phenobarbitone, phenytoin,
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ciga;rette smoke, etc cause stimulation of ndt ohiy
their own metébolism but also the metabolism of many
other unrelated drugs and related physiological
compounds which are substrate for these enzymes

(Park and Breckenbridge, 1981). 1Induction leads to
significant drug interactions which are of direct
relevance to therapy., One example 1s the clinically
significant drug interaction between phencbarbital

and warfarin. The induction of metabolism of warfarin
by phenobarbital leads to reduced anticcagulant effect
and the dose of warfarin may need to be doubled or
quadrupled to regain the original effect (Serlin

and Breckenbridge, 1981), The stimulation of hepatic
enzyme activity is npt only a factor in the development
of drug interactions but may also be responsible for
the development of tolerance to certain drugs that

are given for a nrolonged period.

Inhibition of Drug Metabolism

Inhibition of drug metabolism may result in
exaggerated and prolonged responses with an increased
risk of toxicity. Many interactions of this type
involve liver microsomal enzymes and mechanisms include
substrate competition, interference with drug transport

and functional impairment of enzyme (Kristensen, 1976),
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The predominant types of inhibition are competitive
and non-competitive., Competitive inhibition occurs
when the inhibitor binds to the enzyme at the same
site as the substrate and is also metabolised by
the enzyme, Non~competitive inhibition occurs when
the inhibitor irreversibly binds to and inactivates
the enzyme. This may allow the substrate to bind to
the enzyme as usualj however, the maximum velocity
of the enzyme-substrate reaction is decreased,
Inhibitors are usually lipophilic, Cimetidine is
an important inhibitor of drug metabolism and prolongs
half-1life of many drugs including antipyrine, warfarin,
phenytoin, diazepam and theophylline (Powell and Donn,

198L).

Changes in Hepatic Blood Flow

Hepatic blood flow 1s an important determinant
of the elimination of drugs which are extensively
and rapidly removed from the plasma by the liver
(e.g. propranocl, lignocaine) such that their
disposition can be affected by drug-induced changes
in blood flow to the liver (Nies et al., 1976). As
a consequence of the reduced cardiac output which
they cause, propranolol and other B-blockers decrease
hepatic blood flow and decrease their clearance and
the clearance of other drugs with a high hepatic

extraction ratio,
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1.4.4 Drug Excretion Interations

1.&.&.1

1.4.h.2

Alteration of urinary pH

The renal clearance of weak organic bases with
pKa values of 7.5 to 10 is increased if the urine
is made acid and decreased in alkaline urine.
Conversely, the clearance of weak organic acids
(pKa 3 = 7.5) is higher in alkaline than acid urine
(Milne et al., 1958). Amphetamine (basic) is normally
excreted unchanged in the urine to a significant
extent and their effects may be significantly prolonged
if the urine is made strongly alkaline., Acetazolamide
and other carbonic anhydrase inhibitors render the
urine alkaline by interferring with bicarbonate
reabsorption, The urinary excretion of calcium is
thereby increased and this may lead to renal calculi
and aggravation of osteomalacia induced by long-term

antiepileptic therapy (Mallette, 1977).

Interference with urinary excretion

Many acid drugs and drug metabolites share the
same proximal tubular active transport system and
can compete with each other for secretion (Kristensen,
1976)., One drug may therefore interfere with the
renal excretion of another and cause accumulation
and toxicity. Drugs which may interact by this

mechanism include sulfonamides, thiazide diuretics,
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Probenicid, penicillins, salicylate, phenylbufazone
etc. For examole, probenecid is used therapeutically
together with penicillins to increase serum concen=
trations of the latter by altering their distribution
and delaying their renal excretion (Kabins, 1972).
There 15 a separate active renal tubular transport
system for organic bases and similar competitive
interactions may occur at this site, Thus,cimetidine

and ranitidine inhibit the renal clearance of

procainamide by this mechanism (Christian et al., 1984).

Basic Concepts of Drug Pharmacokinetics

Pharmacokinetics deals with the time course of
drugs in the body (Paxton, 1981). It requires assay
methods for the determination of drugs in tissues and
body fluids e.g. plasma, urine, The blood is a unique
body fluid in that it stays in intimate contact with
all tissues. Hence, the drug concentration in bloecd
plasma continuously mirrors the fate of the drug in

various tissues and organs,

Drugs are distributed in complex biological
systems, Once absorbed, a drug disperses to a variety
of locations within the body including the target
organs, the plasma and tissue binding sites, and the

organs of elimination. The rate of distribution into
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a tissue depends on its vascular perfusion; fhe
permeability of the tissue membranes to the drug,

and the relative partitioning of drug between tissue
and blood. These complex procedures may be simplified
by considering the body to consist of a number of
compartments, These are postulated to account for
the experimental observations that drugs distribute
into various fluids and tissues at different rates,
These compartments do not have anatomical boundaries,
nor necessarily consist of one type of tissue. The
nunber of compartments which can be defined ultimately
depends on the number of areas with different rates

of drug penetration, Experimentally, it is difficult

to demonstrate more than three compartments,

The basic¢ approach used in pharmacokinetics is
to fit experimental data on drug concentrations in
plasma to mathematical equations that represent the
flow of drugs and their metabolites through the
discrete compartments of a model system. This results
in a precise description of drug disposition which can

have major clinical applications,

However, before any equations can be derived,
several assumptions have to be made. Firstly, drugs
enter the system only via the central compartment

and are eliminated only from that compartiment.
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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 drug 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, Also, most drugs are eliminated

by first-order kinetics,

single-Compartment Model

The simplest model is the single compartment
model, The whole body may be considered mathematically
as a single compartment when exchange of drug between
plasma ana tissues proceeds rapidly compared with
rate of elimination, Assuming instantaneous distri-
bution after an intravenous (IV) injection of a drug
into this model (Fig. 1.5,1), the concentration Co in
the plasma immediately after injection is egual to
the dose D divided by the volume of the compartment

Va:

CD = D/Vd
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Central Compartment

Volume =)
Drug N Elimination
dosage > Cl; ?>— (metabolism and
excretion)

Fige 1.5.1: Single compartment model.

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

the drug to be eliminated (ti), results in an exponential

curves "
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Fige 1.5.2. Exnonential-deca{ graph for single
compartment mode
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Replotting this curve with concentration on a
logarithmic scale results in a straight line;
N _ y
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Fig, 1.5,3: Semi-log plot of concentration vs.
time for single compartment model.

Extrapolation of this plot to time-zero gives

o e

I.-_ -

the theoretical initial concentration Cy. Accepting
first order kinetics between drug concentration and
time, the decline in drug concentration may be expressed

mathematically as followss

ac

—— = - Ct

T A
Wherae Ct = Concentration

ﬁ? = Rate constant of elimination

Integration and conversion to logarithms to the base

10 gives;: B
log C¢ = log G = 3.303
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1.5.2 Two Compartment Model

The plasma concentration-time curve of a drug
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,

Central Peripheral
Compartment Compartment
Ky
I-v. h V
dose \/l ~ 2

|
+

Elimination

K12 = transfer rate
constant between
= the two compart-
21 ments,

At+S

L

Dfs&rdbwtu:n o d-)aka_(e,

Plasma
concentration
log. scale

eiLMJVUbt&h)

v - phase

-

Fig.1.5.4: Plasma log-concentration-time curve for a
——— two compartment model.
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Although these compartment® lack physical or
anatomical reality, for many drues the central - |
compartment corresponds to the plasma or blood voluﬁé,
together with the extiracellular fluid of highly
perfused tissues such as heart, lungs, liver, kidneys
and endocrine glands., Drugs distribute within a few
minutes through this compartment and equilibrium
between plasma and tissue 1s rapidly established,

The peripheral compartment is then formed by less
perfused tissues such as skin, muscle or adipose
tissue in which drugs enter more slowly, The combined
affect of two compartments gives rise to a bi-phasic
curve on I.V. injection with two distinct linear

portions when drawn on a semi-log scale (see fig. 1.5.4).

Although drug distribution is slow, it is
uéually much faster than elimination., Thus the
initial rapid fall in concentration (known as the
¢{-distribution phase) mainly represents the relatively
rapid process of drug distribution from central to
peripheral compartment. Once distribution is complete,
the curve enters the relatively slow ﬁ or elimination
phase during which drug disappearance 1s determined
mainly by irreversible elimination from the central

compartment,
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1.5.3 Modification for Oral Dosing

With an oral dose, an additional absorption
compartment is incorporated into the model to
represent the volume from which absorption occurs
at a first-order rate (see figure 1.5.4). 1In this
model, it's assumed that the entire dose is rapidly
introduced into the site of absorntion, from which

it is absorbed into the central compartment.

Absorption Central Peripheral
Compartment Compartment Compartment

Kiz
Ko -
i ——V, V.

s 4

Elimination

Ka E Absorption rate constant

K‘IZ} = Transfer rate constants

K21 between compartments.

Fig. 1.5.4: Plasma log-concentration time curve for
a two-compartment model.
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Plzsma
concentration
log. scale

Flgure1.5.5 A three-compartment model which includes

a compartment for absorption. A typical
log. concentration-time curve/plot after
a single oral dose.

Area Under the Concentration-Time Curve (AUC)

The AUC, which 1is represented by the integral
t

Codt is a measure of the amod% of drug that is
avgilable systematically (bioavailable) which is a
major determinant of therapeutic efficacy, It is
important for calculating such important pharmacoki-
netic parameters as relative oral biocavailability,
plasma clearance and apparent volume of distribution.

It can be determined by the trapezoidal rule and

is independent of any model proposed,
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1.5.5 Plasma clearance (Cls)

Plasma or systemic clearance is 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,

Cls - FD
AU E
Where F = Fraction absorbed
D = Dose :
AUC = Area under the concentration-

time curve,
It may also be calculated from the relationship:
Cls = ﬁva

Where g = FElimination rate constant

Vd = Apparent volume of distribution.

Clearance has the dimension of volume per unit
time and is made up of the sum of all the c¢learances
gdue 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

determinants of drug clearance are organ blood-flow,
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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 Clh is given by the

relationships;

fc1tint
Cl, =
h Q Q + fCltint

Where 1 = hepatic blood flow

f = fraction of unbound (free) drug

and Cl'int = intrinsic free drug clearance,

The term in parentheses is referred to as the

extraction ratio ER and c¢an vary from Zero to 1.

If a drug has a very high intrinsic¢ clearance, ER

will tend towards 1 and the hepatic clearance would be
equal to Q, the hepatic blcod flow, and will demonstrate
flow dependent kinetics. Thus, the hepatic clearance
of a drug such as propranoloel, 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,
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On the other extreme, when intrinsic hepatic
clearance is very low compared to blood flow, then
ER is low andthe equation for hepatic clearance reduces

to: Clh = fCl'int

and elimination is dependent on enzyme activity and
drug binding, Thus, for a drug such as thecphylline
for whom there is insufficient enzyme activity present
in the liver and which has low ER, its hepatic
clearance will be affected by any change of enzyme
activity (e.g enzyme inhibition or induction) but
will not be affected by changes in bloocd flow. The
hepatic clearance will also be dependent upon the
free=-fraction of the drug in blood so that increase
in binding reduces clearance, and vice versa. In
contrast, altered plasma-protein binding will have
little effect on organ clearance of drugs with
high FR a5 such drugs can be functionally stripped
from their binding sites during passage through the

liver,

Apparent Volume of Distribution

Apparent volume of distribution Vg 1s defined
as the volume in which the amount of drug in the body
would need to be uniformly distributed to produce the
observed plasma concentration., The concept of volume

of distribution is used to relate the plasma concentration
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of a drug to the dose administered as the bhedy is
obviously not homogernious, even if 1t can be treated
as such in a mathematical model, Drug concentrations
in the liver, kidney, muscle, fat and other tissues
will therefore differ from one another as well as
from the plasma concentration. The apparent volume
of distribution does not relate to a real physiolo-
gical or anatomical space, but provides an estimate
of the extent of the drug's distribution through

the body fluid compartments and its uptake by tissue.
A large value for V3 implies wide distribution or
extensive tissue uptake or both, After oral

administration, V4 can be determined from the

relationships
FD
fa = Bauc
Where F = fraction of dose absorbed
D = dose

19 = elimination rate constant

AUC = area under concentration-time curve,

Elimination (Plasma) Half-Life

The elimination half-life (t4) is the time taken
for half the amount of drug present to be eliminated
either by excretion or metabolism or both. 1In

practical terms, it is the time taken for the plasma



'34”

concentration to be reduced by 50% of 1tS 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 also be

determined from the equation (see page 25).

Llog Ct = log Cu - Bt
2.303

Substituting for ts results in

Log X = log 2x - ﬁt
2.303
i.e t3 = 0.693

é

' From this equation, it appears that a large value
for A corresponds to a short tL and is a reflection
of the rate at which the drug leaves the body. However,
td is a poor index of drug elimination as it depends
not only on the clearance but alse on the volume
through which the drug is distributed {volume of
distribution Vgq). Obviously, if clearance is increased,
one would expect a shorter half-1ife, Not so obvious
is the concept that if clearance is kept constant but
the voiume into which the drug is distributed is
increased, half-life increases] this 1s supported
mathematically by the relationship: '

t‘& = Cls
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Although ti is a 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 attaln steady-state during intravenous or chronic

oral therapy.

!

Non-Linear Pharmacokinetics: (Fallibility of Assumptions)

In all the foregoing, it has been assumed that.
all the systems operating on the drug obey first-order
Kinetiecs i.e the drug has linear pharmacokinetic _
characteristies, This means that elimination haif—life,
clearance, volume of distribution and bicavailability
are independent of dose or concentration of drug. |
Assumption is also made that the pharmacological
effect is elicited by the drug administered (and which
is being measured). Even though the general concepts
of pharmacokinetics are applicable to many drugs
without significant modification,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 linearity are possible with
respect to one or more processes in absorptiongdistrl-

bution, binding to biological materials in tissue,
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plasma protein binding and elimination of drug
(Ritschel, 1980). Deviations from linearity wifh
respect to 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 tissues 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 weak acids or wezk bases undergoing
urinary recycling, by saturation of reabsorptive
processes or by diurnal variation in the elimination

of drugs.

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
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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 will increase disproportionately
with subsequent dosing and the time required to reach
the steady state will increase with increasing half-
life. A well known example of a drug whose metabolism
becomes Saturated at clinically achievable concentrations

is phenytoin (Richens and Dunlop, 1975).

Active Metaholites

Some drugs are biotransformed to a metabolite
that has a pharmacological action like that of the

parent drug. With these drugs, the combined pharma-
cod?namic (and sometimes pharmacokinetic) action may
rise and fall in a complex way because of the different
time courses, distribution, and rates of elimination
of the active metabolite, For drugs with such
properties e.g. the antiepileptic trimethadione, a
study of pharmacokinetics alone would be of little
value in predicting a therapeutic regimen (Harvey

and Dean, 1985). Two or more actlve metabolites may

greatly increase the complexity.
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plasma proteln binding and elimination of drug
(Ritschel, 1980), Deviations from linearity with
respect to 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 earrlers,

Deviation from linearity with respect to tissue
distribution may occur when tissues or active transport
systems in the tissues become saturated, Deviation
from linearity with respsct to plasma protein binding
can occur if increasing doce sizes approach saturation
of binding sites or if only limited number ¢f binding
sites are available, Non-linearity with respect to
excretion can be cauSéd by changes of urinary pH for
drugs that are weak aclds or weak bases undergoing
urinary recycling, by saturation of reabsorptive
processes or by diurnal variation in the elimination

of drugs.,

1.5.8.1 Dose-Dependent Kinetics

One of the commonest causes of non-linearity is
the limited capacitv 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
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CHAPTER TWO

LITERATURE REVIEW

2.1 RANITIDINE

Ranitidine is an aminoalkylfuran derivative of
histamine, chemically, it is NN-dimethyl-5-[2-(1-
methylamino—z-nitrovinylamine)ethylthiomethyﬁ]furfuryl-
amine, It is a white to pale yellow granular substance

freely soluble in water with two pKa values 2,7 and 8.2.

/ \ RANITIDINE
(CH3)2 NC Hz CHZSCHZCHZNHg N:élHB
2

Molecular weight 350.87.

2.1.1 Chemistry (Structure Activity Relationship - SAR):

Ranitidine is a second generation H,.,-antagonist

2
but differs fundamentally from cimetidine in having a

furan ring instead of an imidazole ring:

4
o
0
(CHyLNCH G CHZSCHZCHZNH\C NHCH,

CHNO,
RAN)TIDINE
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R CHSCHLHNH  NHCH,

HN N Ty CmETIOWE

The SAR of ranitidine has been reviewed
(Bradshaw et al., 1981),

2.17.17.17 The Ring System

The imidazole ring was a key structural feature
of cimetidine and related H,-antagonists (Durant et
al,, 1961), It was concluded that this ring appeared
to have a special importance at Hz-r'eceptors. The
possibility that a basic heterocyclic might not be
essential for Hz-antagonist activity was investigated
by replacing it with a non-bzsic ring system to
which a basic function might readily be attached
(Bradshaw et al., 1981), Replacement of imidazole
ring by furan to which a dimethylaminomethyl substi-
tuent was attached afforded compounds (such as
ranitidine) with comparable Hz-blocking activity to
the imidazoles.

Replacement of the furan ring by a thiophene
ring gave a compound that was less active; ard the
benzene derivative was even less active, This could
be explicable in terms of increased lipophilicity

down the series,
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2.1.1.2 Ring Substituents

The 3~methyl analogue was found to be inactive
whereas the L-substituted analogue is highly potent,
Both lj-bromo and l~isopropyl derivatives were shown
to have similar activities to that exhibited by the
i-methyl group.

2.7.17.3 HModification of Basic Function

/ \
(CHyL,NCH, "0 "CH,SCH,CH,NHCNHCH,

CHNO, y

L 1 | i\
BASIC RING METHYL TIO=- NEVTRAL
U vETION SMETEM ETHYL CHAILN Gvp G ROVP

Variation of the basic group attached to the
furan ring showed that activity is not particularly
sensitive to the nature of the basic function,
Secondary amines are equivalent with tertiary amines
and variation in lipophilicity appeared not to have
a dramatic effect, The trifluorocethyl compound was
found to be just as active as the corresponding
alkyl amine derivative indicating basicity is not
a sensitive parameter., Cyclic amines led to a

reduction in potency.

2.1.,1.4 Modification of Methyle-thioethyl chain

For optimal activity, the terminal N-group

should be separated by the equivalent of a
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Yj~carbon chain, A shorter chain drastically reduces
antagonistic activity. Replacement of the sulfur atom
by a further methylene group led to a compound which
possessed one-third of activity., Attachment of the
sulfur atom directly on to the furan ring resulted
in an isomer with about Tfloth the potency of the

parent compound,

2.7.1.5 Modification of the neutral end group

N

.1.1.6

The terminal N-group should be a polar non-basic

substituent for maximal antagonist activity:

{— CHSCHICHAM  NHCHs
- I

| X

For ranitidine, X = nitfoetﬁ%ne gave the most

potent member of the series as compared to the

imidazole derivatives.

Ring substitution pattern

Ring substitution pattern in the ranitidire
molecule is of the 2,5-disubstituted type. The five
other possible isomers all gave compounds that were

substantially less active than the original compound.
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2-1 12 PhamaCOkinetics

Ranitidine is rapidly and well absorbed after
oral administration, Peak concentration in plasma
occurs 2 hours after per oral administration, The
bicavailability of ranitidine following oral dose
is about 52% + 11 due to extensive first-pass
metabolism and it increases in patients with liver
cirrhosis (Garg et ai, 1983; Rcberts, 1984). The elimi-
nation half-life is 2.1 hrs. 4+ 0.2 and is significantly
prolonged in the aged, in uremia and in patients with
liver dysfunction. Ranitidine is weakly bound
(1%¢ + 3) to plasma proteins. 1Cgy for inmhibiticn
of gastric secretion ;s 100 ug/ml. A small
proportion of ranitidine is metabolised in the liver
to the N-oxide, the S-oxide and des methyl ranitidine
but most is excreted unchanged (69 i 6) and this is
decreased in uremia, Volume of distribution is
1.8 kg and is not affected by cirrhosis. Clearance
(10.4m1. min'1/kg'1) is decreased in uremia and in
the aged. Ranitidine may undergo enterchepatic
recycling, It crosses the placenta and is excreted
in breast milk, It does not readily cross the blood-
brain barrier and is removable by both peritoneal

and haemo-dialysis,
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2.1.3 Pharmacolorical Actions

Ranitidine is a histamine H,-receptor antagonist,
It inhitits competitively the interaction of histamine.
with Hz-receptors and has little or no effect on H1 _
or othgr receptors. Although H2 receptors are |
present in numerous tissues, including vascular and
bronchiel smooth muscle, Hz—antagonists interfere
remarkably little with ohysiological functions other
than gastric secretion. Nevertheless, they measurably
inhibit effects on the cardiovascular and other systems

that are elicited through Hz-receptors by exogenous

or endogenous histamine (Brodgen et al., 1982).

Hz-antagonists innibit gastric secretion
elicited by histamine and other Hz-agonists in a
dos e~dependent manner. The Hz-antagonists also
inhibit acid secretion elicited by gastrin and, to
a lesser extent, by muscarinic agonists, They also
inhibit basal {fasting) and nocturnal acid secretion
and that stimulated by food, sham feeding, fundic
distention and various pharmacological agents. The
H.,-antagonists reduce both the volume of gastric

2

Juice secreted and it's H*

concentration. The output
of pepsin, which is secreted by the chief cells of
gastric glands (mainly under cholinergic control)
generally falls in parallel with the reduction in

volume of gastric juice. Secretion of intrinsic
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factor is also reduced. The concentration of gastrin

is not significantly altered under fasting conditions.

Metronidazole

Metronidazole is 2~(2-methyl-5-nitroimidazo-1-y1)
ethanol, It is a white to pale yellow crystalline
powder or crystals, odourless, or with a slight odour.
It darkens on exposure to light, Itis slightly
soluble in water, alcohol, chloroform and ether. The

injection has a pH of 4.5 to 7.0.
by,
Iﬂ - PJ-—C}42(342§)P1

H™ NG,

Molecular weight: 171.2

METRONIDAZOLE

Pharmacokinetics

Metronidazole is readily absorbed following oral
administration by mouth and biocavailability approaches
100%., Peak plasma concentrations of 10 ug/ml have
been reported an average of 1 hour after an oral dose
of 500mg (Ralph, 1983). However, reported metronidazole
concentrations can vary considerably dependingz on the
type of assav used. Absorption may be delayed but

not overall reduced by co-administration with food,
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Metronidazole is widely distributed znd its
volume of distribution aporoximates total body water
(1,7 » Ok 1/kg). It appears in most body tissues
and fluids including bile, bone, breastj milk,
cerebral abscesses, cerebro-spinal fluid, liver and
liver abscesses,salivza, seminal fluid and vaginal
Secretions, and achieves concentrsticon similar to
plasma. It also crosses placenta and enters foetal

circulation. About 104 is bound to plasma proteins.

The effective plasma concentration is 3-6ug/ml.

Both unchanged metronidazole and several
metabolites are excreted in various proportions in
the urine after oral-administration. The liver is
the main site of metabolism and this accounts for
over 50% of the systemic clearance (1,3 + 0,3 ml,
-1

-1
min ".kg ') of metronidazole. It is metabolised by side-

chain oxidation and giucuronide formation. The two
principal oxidative metabolites result from oxidation
of side chains and both have anti-trichomonal activity
{(Webster, 1990). Small amounts of reduced metabolites,
acetamide and N-(2-hydroxyethyl) oxamic acid have also
been detected in urine and are formed by the gut flora
(Koch et al., 1981). The urine of some patients may
be reddish-brown due to the presence of unidentified

pligments derived from the drug,
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The plasma elimination half-life of metronidazole
is about 8 hours, that of the hydroxymetabolite is
slightly longer. The half-life of metronidazole is
reported to be longer in neonates and patients with
liver disease; that of the metabolite is prolonged in
patients with renal failure. The majority of a dose
of metronidazole is excreted in the urine mainly as
metabtolites with less than 10¢ excreted unchanged,

A small amount appears in the faeces, Depending on
the assay method employed, up to 80% of a dose has

been recovered in the urine within 48 hours,

Pharmacological Actions

Metronidazole is directly active against
anaerobic protozoa and anaerobic bacteria, It also
has a sensitizing effect on hypoxic tumor cells. It
is active against several protozoa including

Balantidium coli, Entamoeba histolytica, Giardia

lamblia and Trichomonas vaginalis, Metronidazole also

displays activity against all anaerobic cocci and
both anaerobic gram-negative bacilli, including

Bacterioides spp and anaerobic spore-forming gram-

positive bacilli. Other effects of nitro-imidazoles

include suppression of cellular immunity and mutagenesis,
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The mechanism of action of nitroimidazoles is
thought to involve interference with DNA by a metabolite
in which the nitro group accepts electrons from the
electron-transport proteins such as flavo-proteins
and diverts them from normal energy-yielding pathways,
It is thought that these chemically reactive reduced
forms of the drug lead to the formation'bf cytotoxic

oroducts that destroy the cell (Webster, 1990),

“etronidazoleedrug interactions

Wren given in conjunction with alcohol, metroni-
dazole may provoke a disulfiram-like reaction in some
individuals, Although metronidazole has no effect on
the elimination of antioyrine in healthy patients
(Jensen and Gugler, 1987) and, by inference, has little
effect on hepatic drug-metabolising enzymes, it enhances
the anticoagulant effect of warfarin through selective
inhibition of the metabtolism of it's 3-isomer (Dean
and Talbert, 198L) and may impair the clearance of
nhenytoin (Picard, 1983). There is some evidence
that phenytoin might accelerate the metabolism of
metronidazole (Wheeler, 1978), Plasma concentrations
of metronidazole are decreased by the concommitant
administration of phenobarbitone with a consequent
reduction in the effectiveness of metronidazole (Mead

et al,, 1982). Cimetidine has increased plasma
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concentration of metronidazole and might increase
the risk of neurological side effects (Gugler and
Jensen, 1983),

Ranitidine - Drug Interactions

All agents that inhibit gastric acid secretion
have the potential to alter the biocavailability and
rate and extent of absorption of certain drugs (weak
acids and bases) secondary to changes in gastric pH.
However, since the rise in gastric pH is not
immediate after administration of ranitidine (and
other Hz—antagonists), this type of interaction
might be avoided for concommitantly administered
rapidly absorbed drugs, For instance, cimetidine
has been shown to increase the absorption of lorazepam,
diazepam and furosemide and diminish the absorption
of indomethacin and chlorpromazine during cimetidine
treatment (Powell and Donn, 1984). Cimetidine also
greatly reduces the absorption of ketoconazole,
probably through effects on pH-dependent dissolution
(Somogyi and Gugler, 1982). Ranitidine has been
shown to increase the oral biocavailability and central
depressant effects of midazolam and the mechanism
is thought to involve pH~dependent changes in
solubility caused by ring closure (Elwood, et al.,

1983). Ranitidine has also been shown to significantly
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delay gastric emptying of solids (Scarpignato et al.,
1982). Even though such an effect is unlikely to
be of any clinical significance, the absorption rate

of some drugs may be decreased.

An increase or decrease in gastro-intestinal
blood flow should result in a similar change in drug
absorption, Although it has been suggested that
Hz-antagonists may influsnce gastro-intestinal blood
flow, some studies indicate that such an effect is

unlikely (Daneshment et al,, 198L).

Because most drugs are absorbed in the intestine
where ph is not significantly altered by Hz-antagonists,
altered ionisation secondary to pH changes caused by
these drugs is unlikely to affect absorption. However,
increased gastric pH resulting from Hz—antagonist
administration may accelerate dissolution of weak
acids or decelerate dissolution of weak bases. By
this mechanism, cimetidine has generally been shown
to decrease the absorption of tetracycline (weak base)
from tablets and capsules by 30 to LO percent but
having no effect on tetracycline absorption from
solution (Fischer et al., 1980). It would be expected
that the enteric coating of tablets would dissolve
more rapidly where gastric pH is elevated. However,
the sbsorption of enteric coated prednisolone

(Morrison et al., 1980) and enteric coated aspirin
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(Paton et al., 1383) are not influenced by cimetidine,
The inability to detect or fully evaluate changes
in absorption may be attributed to the study design.
Since Hz-antagonists must reach the systemic
circulation prior to increasing gastric pH, optimal
study cenditions to determine the possibility of an
absorption interaction would be to administer the
Hz-antagonist at least an hour before the test drug,
If the affected drug is administered only by the
oral route, it may be difficult to differentiate
between a change in bioavailability or a decrease
in drug elimination clearance. For this reason,
absclute proof of mechanism would necessitate
administering the affected drug by the oral and
intravenous routes in the presence or absence of

the H?-antnaoniSt (Powell and Donn, 198L).

Ranitidine undergoes extensive active renal
tubular secretion, It competes with and inhibits
the active secretion of procainamide leading to
decreased clearance and raised levels of the drug

(Christian et al., 198L).

Ranitidine is a second generation He—antagonist
and was developed after cimetidine, Less than two
years after the release of cimetidine in 1976,
first reports appeared of interaction between it

and warfarin (Flind, 1978). It is now known that
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cimetidine inhibits the elimination of more than

25 drugs in man, and the list is certain to increase
due to the basic mechanisms of the interaction.
Owing to the cimetidine experience, drug interaction
studies on subsequent Ha-antagonists have been
integral to the development of subsequent H,-anta-
gonists. The most important of these is ranitidine
which has now superseded cimetidine as the meost

widely used Hz-antagonist all over the world,

Ranitidine is structurally dissimilar from
cimetidine in that it has a furan, as opposed to
an imidazole ring and a different side cnain,
wilkinson et al, (1974) have noted that substituted
imidazole compounds powerfully inhibit cytochrome
P=}50 following either competitive or mixed kinetics,
depending on the inhibitor and substrate. Ranitidine
has been shown to bind liver microsomes and cytochrome
P-ii50 but with an affinity one-tenth that found for
cimetidine (Rendic et al., 1983). Bell and colleagues
(1981) have reported an interesting study that
compared the inhibitory effect of cimetidine,
ranitidine and an investigational molecule with the
furan ring of ranitidine and the cyanoguanidine
side-chain of cimetidine, When comparing the effects
of these drugs on liver microsome binding and prolonga-

tion of phenobarbital sleep-time, the hybrid molecule
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was intermediate between cimetidine which strongly
bound to the microsomes and prolonged sleeping time
and ranitidine which was weakly bound and had no
effect on sleeping time., They suggested that the
ability of cimetidine to inhibit drug metabolism

is not solely determined by the imidazole ring and
lipophilicity may be an important predicator,

Since ranitidine binds less strongly to
cytochrome P-}450, ranitidine has fewer significant
effects on the metabolism of other concommitantly
administered drugs. Several drugs which are known
to interact with cimetidine have been found not to
interact significantly with ranitidine (see tables),
However, a few significant pharmacokinetic
interactions have been reported and the possibility
that these might be clinically relevant should be

borne in mind,

Although ranitidine does not impair drug
metabolism at doses that are several fold higher
than cimetidine, a very large dose (120 mg/kg) did
decrease the elimination rate of aminopyrine in rat
(Speeg et al., 1982). Jones et al (1985) have studied
the effect of low (50 ug) and high (1mg) doses of
cimetidine and ranitidine on the first-pass extraction

of propranolol in rat isolated perfused liver. Both
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Table 2,3.2: Influence of Ranitidine on Systemic
Clearance of High Hepatic Extraction

Drugs,
DRUG PERCENT CHANGE REFERENCE
IN CLEARANCE

Chlormethiazole -9 (NS) | Mashford et al, (1983)
Indocyamine green -l (N3) Donn et al. (1984)

~-18 Feely and Guy (1982)

~24 Garg et al. (1982)

-18 Dunk et al. (1983)

+2 (NS) Mashford et al. (1983)
Lidocaine -1 (NS) Feely and Guy (1983)

+5 (Ns) | Jackson et al. (1983)
Metoprolol (NS) Kelly et al. (1983)
Propranol ol (NS) Patel and Weerasuriya

(1983)

NS = Statistically not significant,
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Influence of Ranitidine on Qral Clearance

of High Hepatic Extraction Drugs.

DRUG PERCENT CHANGE REFERENCE

IN CLEARANCE

Chlormethiazeole 1 (NS) Mashford et al. (1983)
-36 Spahn et al. (1583}
-27 Kelly et al, (1983)
-19 (NS) Kelly et al. (1983)

Nifedipine -7 (NS) Kirch et al. (1983)

Propranolol -7 (Ns) Heagerty et al. (1982)
-5 (NS) Donn et al. (198Y4)

NS «

Not

statistically significant
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low and high cimetidine increaséiarea under the
perfusate propranoclol concentration-time curve

to five fold. Low dose of ranitidine did not alter
propranolol AUC, High doses of ranitidine did
increase the AUC to the same extent as cimetidine,
They concluded that ranitidine has the propensity

for microsomal inhibition, but one which is unlikely
to be manifest at therapeutic doses, Heagertly et al.
(1982) had already reported that ranitidine 150mg b.d.
for 2 weeks failed to affect the pharmacokinetics

of a single oral dose of propranolol 80mg,

Ranitidine has been shown to significantly
reduce the clearance of warfarin single dose
(Desmond et al., 1984) presumably due to inhibition
of its metabolism, Two other studies found that
ranitidine has no effect on warfarin plasma levels
(Steady StatejSerlin et al., 1981) or single dose
(Desmond et al., 1984). The clearance of procainamide
and N-acetylprocainamide are significantly reduced
by ranitidine (due to inhibition of renal excretion).
In addition, the absorption of midazolam appears to
be increased by ranitidine, resulting in significantly
increased bioavailability, while the absorption of protein.

bound cobalamin appears to be decreased (Kirch et al.,

1984) .
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Ranitidine has been reported to induce toxicity
of and inhibit clearance of theophylline. Roy et al.
(1988) observed the development of clinical and
chemical toxicity in three elderly patients (ages
65, 72 and 72 respectively) receiving oral theophylline
therapy (250 or 300mg bid) for chromic obstructive
pulmonary disease after the administration of 150mg
ranitidine for peptic ulcer disease. All three
patients had been receiving theophylline for
prolonged periods (5, 13 or 20 years) without
suffering adverse effects, but when ranitidine was
given all the three patients showed symptoms of
theophylline toxicity within 36 hrs to one week of
starting ranitidine, Serum theophylline levels
after ranitidine increased three-fold and theophylline
clearance rate decreased by 66%. These symptoms
ceased within three days when dosage of theophylline
was stopped, However, there is marked inter-individual
differences in theophylline metabolism after ranitidine
treatment and earlier studies have shown that
ranitidine would be unlikely to affect the metabolism
of theophylline, but these were carried out with i.v.
aminophylline on healthy subjects (Breen et al., 1982;
Kelly et al., 1986).

Ranitidine has been found to alter lignocaine

kinetics (Robson et al., 1985)1n healthy volunteers,
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A previous study (Feely et al., 1983) has shown
that ranitidine had no effect on kinetics of
lignocaine, It has also been found not to have any
effect on the phammacckinetics of cifenline in
healthy volunteers (Massarella et al., 1991).

Mean plasma bupivacaine concentration was
reported to be higher in 9 women who received
ranitidine 150mg by mouth prior to epidural
anaesthesia with bupivacaine than in 7 who were
not given ranitidine (Wilson et al., 1986). 1In
another study in healthy volunteers, pretreatment
with 2 doses of ranitidine 150mg by mouth before an
i.,v. infusion of bupivacaine 50mg caused a small
and insignificant decrease in clearance of bupivacaine
while pretreatment with cimetidine 4OOmg by mouth
13 and 3 hours before the iv infusion of bupivacaine
decrease clearance of bupivacaine significantly.
Neither drug caused a significant increase in plasma

half-1ife of bupivacaine (Noble et al., 1987).

Administration of cimetidine caused an increase
in plasma concentrations of diltiazem in & subjects
given a single dose of diltiazem 60mg by mouth.
Ranitidine produced a similar though less marked
effect (Winship et al., 1985). Ranitidine has

also been reported not to affect the metabolism of,and
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clearance of nifedipine (Schwartz et al., 1988)
and tolbutamide (Cate et al., 1986).

The pharmacokinetic and metabolic characteristics
of metoprolol are very similar to those of propranolol
(Regardh et al., 1980). However, studies on the
effects of H,-antagonists on metoprolol disposition
have produced confusing and conflicting results,
Kelly et al. (1985) studied the effect of ranitidine
on metoprolol disposition, In a single dose study,
ranitidine with metoprolol increased peak concentra-
tions of metoprolol significantly (99 ngm1-1 pre-
ranitidine to 158 ngml™' with ranitidinejp< 0.05)
but half-life and clearance remained unaltered.

In the chronic dose study, ranitidine was found to
have no effect on the pharmacokinetics of metoprolol.
The single dose study suggests that some interaction

of unknown nature takes place,

Concurrent administration of ranitidine and
pethidine in healthy volunteers resulted in no
significant alterations in pethidine elimination
rate constant, volume of distribution at steady state,
total body clearance or 2lj-hour urinary excretion,
There was also no alteration of oxidation of

pethidine to nor-pethidine (Guay et al., 1985).
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easily detected. Pharmacokinetic interactions that
are significant and detectable require the affected
drug to have a narrow therapeutic index and produce
more than a 20 to 25 percent change in drug absorption,
distribution or elimination, This degree of change
is necessary to overcome normal intra-patient
variation in drug disposition (Upton et al., 1982).
For example, the normal intra-patient variation in
theophylline total body clearance and volume of
distribution is 15 percent (Powell et al, 1978).
Although there may be exceptions to this guideline,
it may be useful to remember when evaluating the
clinical importance of drug interactions. Drug
interactions are generally important only in
transition times when the interacting drug (such

as cimetidine) is started, stopped or the dosage

is changed., Anticipation of these occasions by the

clinician can help to prevent therapeutic failure,

One of the more perplexing problems in drug
interactions is determination of the clinical
significance in a specific patient, The specific
conditions under which the two interacting drugs are
given are frequently more important than is the
supposed significance of the drug interaction per se.
These conditions include both the clinical status of
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the patient and drug administraticn factors. The
lack of appreciation of the importance of these
variables has led to meore confusion in the area of
drug interactions than any other single factor
(Hansten, 1979). The many variables that may
influence the activity of a drug and it's ability
to interact with other agents may be divided into

two-patient and drug administration factors,

Patient Factors

(1) Disease States: Patients with a variety of
disorders (such as diabetes, hyperthyrcidism
ete) mey respond differently to drugs than the
patient not so affected., Accordingly, these
factors may predispose a patient or protect hinm

from the adverse effects of an interaction,

(2) Renal function: A decrease in glomerular
filtration rate and/or impairment of renal
tubular function may result in increased serum
levels of drugs with a resultant increase in
the likelihood of adverse drug interactions,
Further more, patients with uremia may have
altered drug binding to plasma proteins (e.g.
phenytoin) and the albuminuria in nephrotic

patients may decrease Serum albumin
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sufficiently to predispose patients to certain

interactions,

Hepatic function: A marked decrease in hepatic
function could theoritically result in impaired
drug metabolism with resultant increased blood
levels and likelihood of adverse drug interactions,
Also some liver diseases (e.g. cirrhosis) may
result in albuminemia of significant magnitude

to affect drug action.

Serum protein levels: Hypoalbuminemia probably
increases the severity of drug interactions

which involve protein binding displacements,

Dietary factors:; Food can affect the gastro-
intestinal absorption of some drugs thus
altering blood levels and interactive potential.
In addition, dietary insufficiencies or excesses
may predispose to the development of certain

adverse drug interactions.

Environmental factors: Drug action, and thus
drug interactions, may be affected by a variety
of environmental influences such as insecticides,

air pollution, and smoking,

Genetic factorss Studies with various drugs

during the past several years have provided
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ample evidence that an individual's genetic

make up is quite important in determining drug
disposition, In some cases, the genetic
influence is fully defined (e.g. acetylator
phenotype on the interaction between isoniazid
and phenytoin), In most cases, however, it is
not possible to predict, based on genetic
considerations, which patient will be predisposed

to a given adverse drug interaction,

(8) Age: Older patients are more likely to manifest
adverse drug interactions, This is due to a
variety of factors some of which have already
been discussed (e.g. decreased kidney function,

multiple diseases etc).

2.4.2. Drug Administraction Factors

(1) Sequence of administration: The order in which
the two interacting drugs are given may consi;
derably affect clinical outcome, For example,
the administration of a potent inducer like
rifampicin after a patient has been stabilised
on warfarin will cause increased rate of
elimination of warfarin with resultant failure

of anticoagulant therapy. On the other hand,
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the administration of an inhibitor like
cimetidine after a patient has been stabilised
on warfarin will result in enhanced warfarin

levels and risk of haemorrhage,

Route of administration; Sdme intéractions

occur only when both drugs are given orally
(antacids and tetracycline) while other interact-
ions may be more severe when one or both drugs

are given by the parenteral route,

Time of administration: Some gastrointestinal
absorption Interactions are mare likely to be
important when the time between administration

of the interacting drugs is short,

Duration of therapy: Seldom do the manifestation
of adverse drug Interactions occur immediately.
Usually, some period of concomittant administra-
tion which may vary from hours to many weeks of

therapy is required before manifestation,

Dose of drugs; In geﬁeral, adverse drug |
interactions are more likely to be significant
with larger doses of one or both drugs (e.g.
cimetidine inhibition of cytochrome P-L50 is

dose~dependent; Powell and Donn, 1984).
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Some drugs (phenytoin) have dose-dependent
kinetics and some interactions involving these
drugs may be important only when large doses

are used,

(6) Dosage form: A few differences have been
noted for drug interactions when comparing
tablets versus liquids; sustained release
tablets versus standard tablets and enteric
coated versus standard tablets e.g. cimetidine
decreases absorption of tetracycline capsules

but not tetracycline in solution,

(7) Concurrent use of non-prescription drugs
(such as analgesics, antacids, expectorants,

etc) by the patient.

With the availability of drugs that are getting
more and more potent and the widespread practise of
poly=-pharmacy, a very large number of patients may
be at risk of having potentially harmful drug
interactions, However, the limitations of the
application of pharmacokinetic parameters, which
have frequently been derived from single dose studies
in a small number of healthy subjects, to individual
patients with different pathological conditions
must be recognised, It must also be recognised that
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drug-nondrug interactions are often of greater

clinical importance than drug-drug interactions.

Objectives of the Present Study

Due to numerous reported cases of drug-drug
interactions with cimetidine, drug interaction
studies have become integral in the development of

subsequent histamine H_-receptor antagonists,

2
Ranitidine is the most important of these and it

has now overtaken cimetidine as the most widely
prescribed H,= antagonist.,

Metronidazole is widely used all over the world and
it is 3 the drug of choice in amoebiasis among others
which is mainly an affliction of the tropics. The
study is aimed at finding out the nature and extent
of the possible interaction, if any, of ranitidine

with metronidazole in healthy volunteers,

Methodology

The study will be carried out in two phases.
Phase I will involve the administration of LOOmg of
metronidazole after an overnight fast to healthy
volunteers, Plasma samples will then be removed
after specified time intervals and these will be

analysed using High Performance Liquid Chromatography
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techniques (Chapter 3), The pharmacokinetic profile

of the drug will then be worked out accordingly,

After a wash-out period of 2 weeks, the second
phase will involve administration of ranitidine
150mg after an overnight fast followed after an
hour by administration of j00Omg of metronidazole.

The pharmacokinetic parameters will be worked

out using the computer program GRAPHPAD (Chapter 4).
Data generated will then be analysed statistically
to assess the significance and importance of such

observation to therapy.
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CHAPTER THREE

MATERIALS AND METHODS

DRUGS

(i) Metronidazole: FLAGYLY

Manufacturer: May and Baker Nig. PLC.
Batch Number: IC 337

Manufacturing date: September 1988
Expiry date: September 1993
Strength: 200mg.

(ii) Ranitidine: usp

Manufacturer: APOTEX Inc, Toronto, Canada.
Batch Number: L S4020
Expiry date: September 1993,

MATERIALS

Glassware

Extraction tubes, Pyrex, England.

Pippettes: 0.02ml, O.,1ml, 1ml, 5ml, 10ml,
Pyrex, England.

Measuring cylinders: 5ml, 10ml, 100ml, 200ml,
500ml, Pyrex, England.

Conical flasks; 200ml, 250ml, 500ml, Pyrex, England.

Volumetric flasks: 10ml, 25ml, 50ml, 100ml,
200m1, 250ml, Pyrex, England,
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- .Beakersf 200mls, 250ml, Pyrex, England,
- Bijou bottles: 2Cml,

- Syringes and needles: 5ml, 20ml,

| §  _ Cannulas; 20G, 18G.

- Heparinised sample bottles. Sml plaSth stirring
: rod; glass,

Eguigment

=  Vacuum pump EB3A, Edwards, England.
‘e - Flask shaker, Gallenkamp, England.

- : Centrifuge, Junior, Gallenkamp, England,

- Auto-vortex mixer, Stuart, England.
L - Ultra-sonicator,
- | Pippetteman Gilscn, France,

«  Hot Air Oven BS Size One, Gallenkaﬁp; Engiand.
‘= Solvent Filters, O.45um (Waters).

.:-' Solvent Filtration kit, Millipore, Waters,

- pH meter, Kent Model 7060, England.

- HPLC Priming Syringe, Hamilton, ,;_ ;

- HPLC Injection Syringe, Hamilton. =

-H Electronic Balance, Mettler AE 240.

- Refrigerator, Premier, Thermocool, Nigeria,

~  Disintegration-Rate Study Apparatus, Erweka,
: England.

- Dissolution-Rate Study Apparatus, Erweka,
England.
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REAGENTS AND STANDARD SAMPLES

- Methanol AR, M & B, Rhone-Poulenc, France,

- Acetonitrile AR, BDH Chemicals, England,

- Potassium Di-hydrogen Phosphate Buffer
Fro-analysii, E-Merck, Germany.

- Phosphoric acid, BDH Chemicals, England,
- Filtered Distilled Water.

- Metronidazole Powder - obtained as Gift Sample
from May and Baker, Dagenham, England.

- Tinidazole; Extracted from FASIGYNR brand
pPfizer, Lagos, Batch Number: 12493003,

Manufactured: 8/91
Expiry: B8/9%
Strength: 500mg,

SOLVENT SYSTEM

A buffer system consisting of 0.01M KHzPOh 3
Acetonitrile :; Methanol in the ratio 93 : 3 : 4
respectively was used to analyse metronidazole in
plasma, pH was adjusted (from 4.76 to 2.5) with 3M
phosphoric acid., The solvent system was filtered
through Waters filtration kit with 0,45 pm filter
and further degassed by ultrasonication for 10

minutes.
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IN-VITRO STUDIES

ASSAY

The B.P. 1988 specifies that at 277nm, the
A 1% 1cm of metronidazole in 0O,.1N HCl1l is 380,
Therefore at a concentration of 0.001% wi/v the
absorbance of metronidazole in 0,1N HC1 will be'gjjg;
16527 5mg of the powdered tablets (average
weight of 20 tablets i3 6,611mg contalning L .00gm
of metronidazole) was dissolved in 1OOuu1,of
0.1N HC1 and filtered to give a 0,001% w/v solution,
Six replicste soluticns were prepared from the .
sample and the abscorbance was determined using a
UV spectrophotometer at 277nm using O.1N HCl as

blank, Percentage content is given by the equation;

A x 100
0.380

Where A = absortance of sample and Q. 380 =

absorbance of a 0.,001% I/L solution.

Disintegration Tests

These were carried out as specified by Bp 1988
using an Erweka disintegration apparatus (see

appendix).
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Procedure: One tablet each was placed in the tubes
of the basket and a disc was added to each tube,

The assembly was suspended in the beaker containing
distilled water maintained at 37°C s+ 0.5°C and the
apparatus was operated for 15 minutes. The test was

carried out for five tablets.

3.5.3 Dissolution Tests

The Rotary Basket Method as described in the
B.P. 1988 was used,

Procedure: One tablet of metronidazole was placed
in the basket and placed in the round-bottcm flask
containing 1,000mls of 0,1N HCl at 37.5°C &+ 0.5°C.
The stirrer was set at 100 r.p.m, 10 ml samples of
the dissolution medium were withdrawn at S, 10, 15,
30, 45 and 60 minutes, These were at the same time
replaced with 10mls of O,1N HC1l previocusly maintained
at 37.5°C 4 0.5°C. Samples were withdrawn from a
point midway between the basket wall and the side
of the vessel to ensure that the normal pattern of
flow of the dissolution medium was not disturbed.
The samples were filtered using Whatman filter paper
size )y » the first 1ml was rejected and the samples
assayed by reference to a standard calibration curve

which was prepared by dissolving standard metronidazole
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powder in O.1N HCl to give various concentrations
and absorbance measured at 277nm, The whole exercise

was carried out for six tablets.

Cumulative concentration at a given time was

calculated using the formula of Wurster and Taylor

(1965):
n=1
X 2 :
Cn = Cn (measur‘ed) + m Cn measured
S=1

Where Cp (measured) = the spectrophotometrically

determined concentration.

Cn = Concentration of nth sampling expected
in the medium if previous sample had

not been removed.

X = Volume of sample removed at each time
withdrawal was made.

1,000 a Volume of dissolution medium in millilitres,

3.5.4 Preparation of Standard Samples

3.5.441 Preparation of metronidazole solution

A stock solution of 1mg/ml metronidazole was
made in acetonitrile., Working concentrations of
50 ug/ml were prepared by serial dilutions with

acetonitrile,
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3.5.4.2 Preparation of internal standard {Tinidazole)

Two tablets (strength of each tablet = 500mg)
were powdered with mortar and pestle, dissolved in
acetonitrile and filtered. A stock solution of
1mg/ml was prepared, Working concentrations of
200 ug/ml were prepared by serial dilution with

acetonitrile,

3.5.4L.3 Preparation of potassium di-hydrogen phosphate
buffer

0.01M solution of potassium di-hydrogen
phosphate buffer was prepared by dissolving 1,3609gm
of KH2POh {(mwt 136.09) in one litre of filtered
distilled water,

3.6 IN-VIVO STUDIES

3.6.1 Protocols of Study ’

Four healthy volunteers (age 28 - 35 years;
wéight 50-65kg) were involved in the study. Volunteers
were healthy (normal laboratory values) free from
liver and kidney disease, non-smoking and non-
drinking. E N |
The cross-over study was divided into two

phases. In the first phase, 4OOmg MDZ was adminis-

. tered to each volunteer with 150ml1 of water after
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an overnight fast which was continued for L hours
after commencement of the study., This was followed
by a wash-out period of three weeks, 1In the second
phase, 150mg of ranitidine was administered with
100m1 of water, After one hour, }0Omg of metroni-
dazole was administered with 150ml1 of water,

Blood sampling was done via a cubitally-placed
indwelling cannula, Blood samples (S5ml.) were
withdrawn prior to each dose and at 0.5, 1, 2, 3, L,
6, 8, 9 and 2l hours after the dose. The samples
were collected in heparinised tubes, centrifuged at
1,000 gm for 10 minutes and the plasma was harvested
into Bijou bottles and kept at -10°C until analysis.

3.6.2 Analysis

3.6.,2.1 Extraction

The extraction method of Kaye et al (1979)
was adopted, 0.5ml of plasma was placed in a pyrex
extraction tube., 0.5ml1l of acetonitrile containing
the internal standard (Tinidazole 200 ug/ml) was
then added. The mixture was shaken for 10 minutes
on a Gallenkamp flask shaker followed by centrifu-
gation for 10 minutes at 4,000gm. 15 uL of the clear
supernatant was injected into the HPLC,



3.6.2.2

3.6.2.3

Calibration curve

Calibration curve based on peak-height ratio
was prepared by spiking drug-free plasma with
standard metronidazole solution and internal
standard {Tinidazole) to give a concentration
range of 5 to 4O ug. The ratios of the peak heights
of metronidazole versus the internal standard were
plotted agalnst the standard concentrations. A
linear regression calibration curve was obtalned
and the co-efficient of linear regression of the
slope was determined. The calibration curve was
used to determine the concentrations of metronidazole
in individual plasma samples using a SHARP® EL~512H

Scientific calculator.

Instrument

A Waters Model 204 Liquid Chromatograph
equipped with Model 4L1 fixed-wavelength U.V.
detector fitted with 280mm filter and U6K universal
Septumless injector was used, Analysis was carried
out on a radial—pakR reverse-phase colum (8x100mm)
packed with 10 um reverse-phase C,g support (Waters
part No. 85721) placed in a compressed Z-module-
compartment, The output of the detector was

recorded on an SE 120 BBC Goerz metrawatt recorder,
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Conditions of analysis

Solvent system

pH

Flow rate
Pressure
Sensitivity

Internal standard

Sample size
Chart speed
Filter

Data handling
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KH2P0h (0.01M) : Acetonitrile
Methanol (93:3:}).

2.5 (adjusted with 3M ortho-
phosphoric acid).

2,0ml min~ ',

2,000 psi.

0.05 a.u.f.s.
Tinidazole 200 ug/ml in
acetonitrile.

15 uL

0.25cm, min~

280nm,

The values for concentration of metronidazole

in individual plasma samples were used with the

computer program GRAPHPA[@ to generate the pharmaco-

kinetic parameters ti absorption, t* elimination,

elimination rate constant, absorption rate constant

and AUC O 9 24.

The remaining pharmacokinetic

parameters were calculated using the following

formulae (Ritschel, 1980):
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(1) AUCp 0y = AUC 0524 + AUC 24>ad

conc
AUC 24200 =  —02k
Kel

(ii) Clearance
D

AUC

Total Body Clearance = ml., min,

Where D = Dose administered assuming 100%
bioavailability.

(iii) Volume of Distribution s

Clearance TBC
Kel

(iv) Lag Time = In %

Kabs = Kel

Where A = Y intercept (Co)

and B = Intercept of line of residuals.

All pharmacokinetic data obtained were compared
and the statistical significance of the differences
determined using the student t-test of paired data.
Values of P{ 0.05 were considered as significant
and P 0.05 considered insignificant.
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CHAPTER FQUR

RESULTS AND DISCUSSION

k.1 IN-VITRO STUDIES

he1a1 AsSsay : ' o e '_;. j
Linear calibration curve with goocd correlation
co-efficient (r = 0.9995) of MDZ in 0,1N HCl using
U.V. spectrophotometer (A p., = 277nm) is shown in

Figure 4.1.1,

The content of MDZ in six tablets was determined
(Table 4.1.1). The acceptable range (B.P, 1988) is between
9% ~ 10%. - The results are within acceptable
limits, .

Taole L,1.1: Assay of MDZ tablets using U.V.
spectrophotometric method of analysis,

Tablet No. Percent content Comment
1 98,0 o Satisfactory
2 98.5 o
. C oL
L 97.5 1 "
5 101,0 e
6 100.5 D W
Mean 3 SEM 99.1 & 0.52

SEM = Standard Error of the Mean.
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Fig, b.1.13 Calibration curve for MDZ in Q.1N HCl
A\ max = 277nm,
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k1.2 DISINTECRATION

Results obtained from the disintegration tests
are shown in Table 4.1,2. The official B.P. 1988
time~1imit for tablet disintegration is 15 minutes,
All the tablets tested passed the official require-

ments for tablet disintegration,

Table 4.1.2: Disintegration times for MDZ tablets.

Tablet No. Disintegration Comments
Time {mins)
1 7.0 Satisfactory
2 6.5 "
3 6.5 "
h 7.0 "
5 7.0 "
$E M
Mean 4+ SFM 6.8 + 0,11
SEM = 3tandard Error of the Mean,

4.1.3 DISSOLUTION

Table 4.1.3 shows the mean dissolution profile
of six tablets of MDZ in O.1N HCl. Total release of
active ingredient took place within 30 minutes, The
B.P. 1988 requirements for dissolution rate test is
that not less than 704 of the stated amount of active
ingredient is in solution at the end of L5 minutes
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for any dosage form unless otherwise stated in
the monograph. The results obtained complied with
the official specification,

Table 1.1.3: In-Vitro Dissolution Profile of MDZ
tablets in 0,1N HCl using the B.P.
1988 Rotating Basket Method.

Time (Mins) Cumulative percentage released
MEAN 4 SEM
s 8.55 + 0.13
10 19.85 + 0.45
15 50,30 + 0.30
30 99.50 &+ 0,31
LS 99.9 4+ 0,22
60 99.5 + 1.15

SEM = Standard Error of the Mean.
n-6

4.2 IN VIVO STUDIES

he241

Solvent System

The high-performance liquid chromatograms of
blank plasma (with internal standard) and plasma of
a volunteer 2 hours after dosing with 4OOmg MDZ are

shown in Figures l4,2,1 and L.2.2 respectively,



8l

0- 95
Aufs
o 05’
iy ~
f &
> 5
b g

v v — - T ¥ - ——
Z‘O 36 12 ¢ 4« °* 29 (& 12 g ¢ °
. é,.-'TfMF N
() €—TinE (D

Pieo, l.2.2; High-performance liquid Fig, l,2,1: High-performance
chromatogram of plasma liquid chromatogram
of a volunteer 2 hours of blank plasma,

post-dosing with MDZ.
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The solvent system achieved high resolution of
MDZ (retention time 5 minutes) from the internal
standard tinidazole (retention time 17 minutes).
The effects of pH and wavelength of filter on the
peak-height of MDZ are presented in Figures }};.2.3 and
h.2,t resnectively. The calibration curve of MDZ in
plasma (Fiz, 4.2,5) gives a correlation co-efficient
r = 0,993 which shows linearity at the relevant
concentrations, Results for the precision analysis
of the method and the percentage recovery of the
extraction method are given in Tables 4.2.1 and L.2.2
respectively. These results compare well with those
obtained by Gulaid et al (1978). Limit of detection

was found to be S ng.

Table 4.2,1: Precision of Analytical Method

Sample Conc. ug/ml C. W n

Within rung

MDZ 5 3.0 5
10 4.5 5
25 L.O 5
Between run:
MDZ 5 3.9 5
10 3.6 5

25 3.9 5
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Fig. U,2.5: Calibration curve for MDZ in plasma
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Table 4.2.2: Percent recovery of analytical method

Sample Conc, ug/ml Recovery % n
Mean 4+ SEM
MDZ 5 89.8 + 3.58 5

SEM = Standard Error of the Mean

4.2.2 Pharmacokinetics

Tables L4.2.3 to l}.2.7. show the plasma levels and
pharmacokinetic parameters of MDZ following a single
oral dose of l;0Omg and following a singzle oral dose of
,OOmg an hour after a 150mg dose of RTD., Fig. 4.2.6.
displays tne mean plasma-concentration time curves for

MDZ alone and MDZ an hour after the dose of RTD.

The pharmacokinetics of MDZ and its major
metabolites have been extensively investigated (Templeton,
1977; Brodgen, 1082 ; Houghton, 1979; Molavi, 1982;

Jensen and Gugler, 1983; Ralp, 1983; and Loft et al.
1988), Houghton (1979) and Jensen and Gugler (1983)
have all shown that there are varying inter-individual
differences in the plasma level and pharmacokinetics

of MDZ, as has been shown in this study. All the pharma-
cokinetic parameters derived compare well with already

established values,
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Table L4,2.3: Drug levels in volunteers after 4OCmg of

MDZ.
Time Metronidazole concentration (ug/ml) Mean 4
(hrs) Volunteers SEM*
I L & III Iv
0 0 0 0 0 0
0.5 L.5 4.0 1.50 6,00 4.05 & 0.81
1 Se’5 6,80 2.40 7.80 5.69 + 1,01
2 6. 80 7.80 5.95 8,60 7.34 + 0,53
3 6,10 6.90 8.74 8.10 7.46 &+ 0.51
L 5.50 6.12 | 10.00 7.40 7.255 + 0,86
6 L.45 4.80 8.00 6.30 5.89 + 0,70
8 3.60 3.75 6.45 5,30 |L4.775 + 0.59
9 3.30 3.34 5.90 .95 4.37 &+ 0.55
2l 0.87 1.00 1.7h 1.38 1.25 &+ 0.17

*SEM = Standard Error of the Mean,

Table 4,2.4: Drug levels in volunteers following LOOmg
MDZ an hour after a dosa of

RTD 150mg.
Time Metronidazole concentration (ug/ml) Mean 4
(hrs) SEM#*
Volunteers
I II 111 1V

0 0 0 0 0 0

0.5 3.0 1.55 1.60 8.32 3.72 & 1,38
1 5.00 2.30 2.50 9.50 4.825 + 1.25
2 6,27 5.35 6.27 8.63 6.63 &+ 0.61
3 6.20 6.11 10.25 8.00 7.64 + 0.84
L 5.60 5.50 9.31 7.30 6.93 + 0.78
6 L. 60 bl 7.80 6,20 5.76 + 0,68
8 3.80 3.60 6.47 5.27 4.8 + 0.58
9 3.50 3.21 5.95 l.80 4.365 + 0,55
2l 0,81 1,00 1.03 2.00 1.23 &+ 0,22

#SEM = Standard Error of

the Mean,
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Table l4.2.5:

92

Pharmacokinetic parameters after 4OOmg
MDZ in four healthy volunteers,

PARAMETER VOLUNTEERS MEAN

(UNITS) + SEM

1 II IIT v
NEIGHT 52 70 50 65 59,25
Kg +4.23

Kel 0.0850 |0.105 0.088 0.,1226 0.100
ug/ml/hr +0,0075
t3 8.15 6.58 7.89 5.65 7.07
hr +0.51
Ka 1 .81]. 1059 0-51 1-]4-6 1035
ug/ml/hr +0.25
td abs. 0.38 0.y 1.36 0.48 0.665
Va4 0.757 |0.722 0.668 0.656 0.703
L/kg +0,022
Clppc 1,0866 |1.26) 0.979 1.34 1.1674
ml/min/kg £0.071
AUCG 4 2l |101.89 [68.89 [115.89 | 72.09 89.69
ug/ml/hr _$9.93
AUCH 3 o 117.98 |75.33 }136,19 75450 101.5
ug/m1/hr +13.19
Cmax 8.8 6.8 10,00 7.8 8.35
V- 2.0 2.0 L.O 2.0 2.5
hI‘. _4_-_0.!4-.3
Tlag 0,000918] 0,000487 0.2 0.00568 0.0518
hr, _1-_0.014.28

#*SEM = Standard Error of the Mean.



Table LL. 2-7:

el

Effect of RTD 150mg on the pharmacokinetics

of MDZ L4OOmg administered an hour after the

RTD.

PHARMACO~ MEAN 4 SEM MEAN + SEM | PERCENTAGE iE’-VALUE
KINETIC CHANGE t-test
PARAMET:R | L P=Lk II n=4 )

(UNITS) MDZ ALONE MDZ + RTD
Kel 0.10012 0,92 -8.11 P> 0.1

£0.0075 +0.0058

hr 40,51 +0.48
Ka 1-35 1.?6575 +30.B P) 0.5
hr +0.25 +0.70
td abs 0.665 0.7325 +10.15 P>0.5
hr 40,20 +0.,1912
V4 0.703 0,7508 +6,8 P> 0.1
L/Kg +0.022 +0,0182
ml/min/ kg +0.071 +0.088
ug/ml . hr +9.93 1-_10.826
AUCH 300 101.5 103.445 +1.92 P»0.5
ug/ml. hr +13.19 +£14.45
Cmax 8.3 + 0.59 8.01 + 0,91 =3.49 P> 0,5
ug/ml
- 2.5 2.325 -7.00 P>0.5
hr ;l-.O.'.l.B +0.41
T ag 0.0518 0.0833 +60.8 P 0.5




Table 4.2.6:
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MDZ an hour after RTD 150mg.

Pharmacokinetic parameters following 4OOmg

PARAMETER
VOLUNTEERS MEAN
(uniTs) | *SEM :
I II TII 1v
Kel 0.079 | 0.09995 0.08275 | 0.1067 0,092
ug/mlshr +0,0058
th 8.79 6.9 8.39 6.496 7.654
hr +0.48
ug/ml/hr +0.70
t4 abs 0.17 0.59 1.09 1.08 0.7325
hr +0.1912
Vd 0.774 | 0.7275 0.705 0.7967 0.7508
L/Kg +0.,00182
ClTge 1.019 | 1.212 0.9704 1.4168 1.15455
ml/min/kg +0.088
ug/ml/hr +10.826
AUCH 300 |125.72 |78,28 137.39 72.39 103,445
ug/ml/hr +1h.24
Cmax 9.5 6.27 10.25 6.1 8.03
ug/ml +0.93
Tmax 1.0 23 3.0 3.0 2.325
T1ag 0.000135] 0.00067lf 0.25 0.0824 0.0833
hr +0.0455
#SEM = Standard Error of the Mean.
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Inspection of the plasma concentration-time
curves and subsequent calculation of correlation
co-efficients of the terminal J -phase indicated
that MDZ kinetics are linear, Average half-life was
7.07 hr:, Houghton et al, (1979) reported a t} of
7.0 hr after a single oral dose of 500mg, Jensen
and Gugler (1983) reported a t® of 8.03 hr after
a dose of LOOmg while Nilsson-Ehle et al. (1980)
reported a shorter half-life of S,4 hr . Total body
clearance was 1,674 ml/min/kg as against 1.306 reported
by Jensen and Gugler (1983). Volume of distribution
V4 was 0.703 L/kg (Jensen and Gugler, 1983 reported 0,96L/kg
while Houghton et al., 1979 reported 0.49 L/kg after
a dose of S0Omg MDZ). Kabs was 1.35 hr™ ] (Jensen and
Gugler, 1983 reported 1.453 hr’1).Cmax was 8.35 ug/ml
as compared to 6.9 ug/ml reported by Jensen and Gugler
(1983) after a similar dose while Kaye et al. (1963)
reported 7.5 ug/ml after the same dose. AUC (O 200)
was 101,.5 ug/ml.hr as compared to 79,97 reported by
Jensen and Gugler (19383) after a similar dose,
Houghton et al (1979) reported an AUC of 159.48
after a dose of S00mg,

Administration of 150mg RTD an hour before the
dose of MDZ in a cross-over fashion caused inconsistent
and statistically insignificant changes in the MEAN

pharmacokinetic parameters, This is a hall-mark of
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many drug-interaction studies involving RTD (see

Tables 2.3.1 to 2,3.3),

The pharmacokinetic parameters may roughly be
divided into two groups - parameters that are mainly
related to rate and extent of absorption and these
are Kabs, t} abs, Tlag, Cmax and Tmax; and parameters
that are mainly indicators of metabolism and/or
excretion and these are ti, Kel, V4, AUC and Total
body clearance (ClTgc).

One possible way administration of RTD an hour
before MDZ could affect the absorption kinetics of
MDZ is through changes in gut motility and/or gzastric
emptying (Nimmo et al., 1983). RTD,however, has not
been reported to cause diarrhoea and/or constipation
or vomiting as side effects, We have also not come
across any report on the effect of RTD on isclated
smooth muscle. Another possible route of interaction
is through the changes in gastric acidity (decrease)
caused by administration of RTD. Peak plasma concen-
trations of RTD (and cimetidine CTD) and suppression
of gastric acid secretion are generally not achieved
until at least an hour after administration ( Garty,
et al., 1980). This effect would be expected to be
greater for drugs that are either weak acids or weak
bases (see page 7). MDZ is, however, neither of the

above, Also, because of the small surface area of the
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Stomach, it is not an important site of absorption
even of acidic drugs such as aspirin (Benet, 1985).
This is because the stomach is lined by a thick mucus-
covered membrane with small surface area and high
electrical resistance., The primary function of the
stomach is digestion. In contrast the epithelium

of the intestine has an extremely large surface area;
it is thin, it has low electrical resistance acid

it serves the primary function facilitating the

absorption of nutrients,

Administration of RTD 150mg an hour before MDZ
400mg increased the mean Kabs by 20,5 and t} absorption
by 10.,1%¢. Both changes were statistically insignifi-
cant (P> 0.5). Tlag was increased by 60.8% (from
0.0518 to 0.833 hrs; P.Y 0,5). Similarly Cmax and
Tmax were decreased insignificantly by 3.4% and 7%
respectively (P} 0.5).

Changes in pharmacokinetic parameters mainly
related to metabolism and/or excretion were generally
smaller and similarly insignificant. Kel was decreased
by 8,11, t* increased by 8,266 Vd was increased by
6.8%. Total body clearance was decreased by 1.,1% and
AUC was increased by 0.3%. All changes were statisti-
cally insignificant (P 0.1).

These results are consistent with the fact that
RTD does not bind to cytochrome P-450 to any significant
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extent at therapeutic levels (10-fold lower than the
binding affinity of CTD, Speeg et al., 1982).
Moreover, MDZ is a low hepatic extraction drug
(Powell and Dunn, 198L). ngpthus does not affect
the metabolism of MDZ to any significant extent.

On the other hand, Jensen and Gugler (1983) have
reported that CTD reduced significantly the clearance
of intravenously administered MDZ by 29 percent,
Another possible source of interaction between RTD
and MDZ is through excretion. RTD, a weak base,

has been shown to compete with the active renal
tubular secretion of procainamide, another weak base,
leading to elevated levels of the latter (Christian
et al., 196L4). However, MDZ is neither weakly basic

nor weakly acidic and so this effect is not expected.

Even though RTD did not affect significantly
the mean pharmacokinetic parameters of MDZ (P )0.5),
there were variations in plasma levels and pharmaco-
kinetic parameters among the volunteers. The effect
of RTD on the kinetics of MDZ was variable and in some
volunteers it was substantial, These results are
similar to those of Yeung et al. (1992). 1In a study
to determine the pharmacokinetics and metabolism of
sustained~release diltiazem (DTZ) in beagle dogs,
they reported that pre-treatment of the animals with
RTD (150mg bid for S doses) did not affect significantly
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the mean pharmacokinetic parameters of DTZ (P} 0.05).
The metabolism profiles of DTZ were also not altered
after RTD. However, the effect of RTD on the kinetics
of DTZ was highly variable and in some animals it was
substantial. They concluded that despite large
inter-individual variations, RTD did not alter the
metabolism of DTZ in dogs but that simply using the

mean data for comparison could be misleading.

CONCLUSICN

The brand of MDZ tablets used (FLAGYLR M&B,

Batch No. IC 337) passed the official tests for
identification, weight variation, disintegration,
assay and dissolution according to the B.P. 1988.

The method of extraction and analysis adopted
(Kaye et al., 1980) achieved high resolution of MDZ
from the internal standard tinidazole and the results
for recovery and reproducibility compare well with

already published values (Gulaid et al., 1978).

The mean pharmacokinetic parameters of MDZ in
healthy nigerian volunteers is similar to that obtained
in Caucasians. As in caucasians also, there are
inter-individual variations in plasma levels and

pharmacokinetic parameters,
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RTD, at a dose of 150mg an hour before a dose
of MDZ LOOmg has been shown not to affect significantly
the mean absorption and pharmacokinetic parameterg '
of MDZ 1n healthy Nigerian volunteers (P 0.5). |
However, the effect of RTD on the kinetics of MDZ:
was variable and in some volunteers it was substantial,

Thus simply using the mean data for comparison could

be misleading.

This study is esapecially relevant now that it
has been discovered that many cases of antacid-resistant'
peptic-ulcer (increasingly treated with RTD) are caused

by infection with Heliccbacter pylori which has been

found to be effectively treated with MDZ with or

without tetracycline or amoxyeillin (Aina, 1992).
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APPENDIX I

-|.

SOME IDENTIFICATIQON TESTS FOR METRONIDAZOLE TABLETS

.1. .

2.

(B,p. 1588)

Shake a quantity of the powdered tablets

containing 0.25gm MDZ with 4ml O.5m stoh and

- filter., To the filtrate, add 10ml trinitrophenol
- Solution and allow to stand, The melting point

- of the precipitate after washing with water and

drying at 105°¢ is 150°c.

Heat a quantity of the powdered tablets containing
10mg MDZ in a water-bath with zinc powder, 1ml
water and 0,25ml1 of sodium nitrite solution for

5 minutes; cool in ice, add 0.5ml sodium nitrite
solution and remove excess nitrite with sulphamic
acid. Add 0.5ml of 2-naphthel solution and 2ml

of 5M sodium hydroxide solution. An orange-red

colour is produced.



B T R

b
APPENDIX II o L |
. |

ﬂEIGHT VARIATION TEST FCR METROVIDAZOLE TABLETS
: (B.P. 1988)

i

For uncoated tablets:

20 tablets should be selected at random and the average
welght determined, Not more than two of the individual
weights should deviate from the average weight by more
than 5% for tablets that have an average weight of more
than 250mg,

1
i

Tablet No. o weight (gm) |
L T 003131

2 0.3230 .

3 0.3182

It 0.3426 |

5 0.3428 |

- 6 0.3310 |

7 0.3325 |

8 . 0.3294 |

9 S 0.3379

10 0.3381 |

11 - - 0.3320

12 o 0.3240 |

13 0.3418 |

14 o 0.3298

15 ©0.3185 |

16 0,331 i

17 | 0.3352

18 - 0.3204 |

19 - 0,3378 |

20 | | 0.3345 |

Total weight 6.611gm !

Average weight 0.33055ng

Average weight + 5% (acceptable range):

0.3140225 - 0.3L470775

COMMENT: Only one tablet fell cutside the acceptable
: range, Therefore the tablets have passed

the weight variation test,



(a)

(b)

(c)

114

APPENDIX 3

APPARATUS FOR THE DISINTEGRATION OF TABLETS

The apparatus consists of

a rigid basket-rack assembly supporting 6
cylindrical glass tubes 77.5mm long, 21.5mm in
internal diameter, and with a wall thickness of

about 2mm,

a cylindrical disc for each tube, each 20.7mm in
d{amater and 9,5mm thick, made up of transparent
plastic with a relative density of 1,18 to 1.20,
and pierced with five holes, each 2mm in diameter,
one in the centre and the other four spaced
equally on a circle of radius 6mm from the centre
of the disc. Four equally-spaced grooves are

cut in the lateral surface of the disc in such

a way that at the upper surface of the disc they
are 9.5mn wide and 2.55mm deep and at the lower

surface 1,6mm square.

The tubes are held vertically by 2 super-imposed
transparent plastiec plates 9Omm in diameter and
6mm thick, perforated by 6 holes having the same
diameter as the tubes. The holes are eguidistant
from the centre of the plate and are equally
spaced from one another, Attached to the under-
side of the lower plate is a plece of wooven

guaze made from stainless steel wire 635 pm in
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diameter and having nominal mesh apertures of
2.0Cmm, The upper plate is covered with a stain-
less steel disc perforated by six holes each about
22mm in diameter, which fits over the tubes and
holds them between the plastic plates., The holes
coincide with those of the upper plastic plate

and the upper ends of the glass tube,

‘(d) The plates are held rigildly in position aﬂﬁ 77.5mm
apart‘by vertical metal rods at the periphery and
a meéal rod is also fixed to the centre of the
upper plate to enable the assembly to be attached
to a mechanical device capable of raising and
lowering it smoothly at a constant frequency of
between 28 and 32 cycles per minute, through a

distance of 50 to &6O0mm,

(e) The assembly is suspended in the liquid medium in
a suitable vessel, preferrably a 1000ml beaker.
The volume of liquid is such that the wire mesh at
its highest point is at least 25mum below the surface
of the liquid, and at its lowest point 1s at least
2Smm above the bottom of the beaker.

(f) A suitable device maintains the temperature of the
liquid at 37 1 0.5°C.



