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CHAPTER ONE
1.0 INTRODUCTION
1.1.0 BASIC CONCEPTS OF PHARMACOKINETICS
1.1.1 THE DYNAMICS OF PHARMACOKINETIC PROCESSES

Pharmacokinetics is the study of the process irchvlirugs are absorbed,
distributed, metabolized and excreted from the bitdg concerned with obtaining
the appropriate amount of drug at the receptor fetehe appropriate length of
time for that particular drug thus obtaining maxmmuherapeutic benefit with
minimal side effects (Paxton, 1981).

Pharmacokinetics deals with the changes of drugemttration in the drug
product and changes of concentration of drug antBanetabolites in humans or
animals following administration. This implies tha@he changes of drug
concentration that occur in the different body diiiand tissues in the dynamic
system of liberation, absorption, distribution,ratge, metabolism and excretion,
describing them as mathematical function of timd aoncentration of the drug.
The application of pharmacokinetic principles te tinerapeutic management of
patients is clinical pharmacokinetics (Roland aoddr, 1980).

The transfer of a drug from its site of administatto the blood, and the
various steps involved in the distribution and @hation of the drug in the body

may be depicted as shown in Fig. 1.1.
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Fig. 1.1: Processes involved in the distributionral elimination of drug in the
body.

The transfer of a drug from its absorption sit¢hi blood, and various parts
of the body is complex whereas the distributiorafg is a reversible process (see
arrow), absorption and elimination of drug arevasible. Attempts are made in
pharmacokinetics to describe the dynamics of th@a®eeesses in a system of

compartment models with no apparent physiologiar@tomic reality.

PHARMACOKINETIC COMPARTMENT MODELS
1.1 A COMPARTMENT
A compartment model in pharmacokinetics is a hygithl structure which

can be used to characterize with reproducibiligy ltlehaviours and fate of a drug in



biological systems when given by certain routesadministration and in a
particular dosage form.

A compartment is an entity which can be described definite volume and
a concentration of drug. Compartment models ard tesdescribe the behaviour of
a drug in biological systems and could be clagkifieto one, two, or multi-
compartment models.

Firstly, drugs enter the system only via the céntampartment and are
eliminated only from that compartment. Secondlygersible transfer occurs from
central and peripheral compartments and thirdlye #xit of drugs from all
compartments in the system is described by thednder kinetics which has unit
of reciprocal time e.g.mihh*. Under this last assumption the rate at whichug dr
is removed from a compartment is directly propewiato the drug concentration in
it. All the three assumptions are relatively vdid most drugs. The majorities of
the drugs enters the body via the blood stream,aa@ctliminated from the blood
stream by the liver and kidney. There are few etorp which are primarily
eliminated by biotransformation and if given in Ihiggnough doses, result in
saturation of the metabolic enzyme system. Theimdion then becomes zero-

order i.e constant and independent of drug conatortr (Paxton, 1981).



1.2.2 ONE-COMPARTMENT MODEL

This is the simplest model which depicts the bosyaasingle homogenous
unit in which the drug entering the body distrilsutestantly between the blood and
the body fluids or tissues (i.e. the exchange afjdretween the plasma and tissue
proceeds rapidly compared with the rate of elimomgt Here, the whole body is
considered mathematically as a single compartmiéng model is useful for the
pharmacokinetic analysis of blood, plasma or secontentration. It is also useful
for analysis of salivary and urinary excretion fdrugs which are rapidly
distributed between plasma and other body fluid$ tsssues upon entry into the
systemic circulation.

A compartment model assumes that any change tltarsoan the plasma
guantitatively reflects changes occurring in tissdeug levels. Assuming
instantaneous distribution after an intravenousctpn into this model (Fig. 1.2)
the concentration ({ in the plasma immediately after injection is dqtmathe

dose(D) divided by the volume of this compartmasd)(

cl ELIMINATION BY METABOLISM,
DRUG DOSAGE Volume = \j s  EXCRETION

»
»

Fig. 1.2: One-Compartment Model Kinetics



This apparent volume of distribution {\Mof the drug is not a true volume,
but that volume into which all the drug in the boslguld appear to be distributed
to achieve a concentration the same as that irplmama. Elimination follows a
first order kinetic after instantaneous distribativhich means that a constant
fraction of drug is eliminated per unit time. Actieg first order kinetics between
drug concentration and time, the decline in drugceantration may be expressed
mathematically as:

dc =BG
dt
where G= concentration
B = rate of constant of elimination

Integration and conversion to logarithm to basgite
LogG=log G Bt
2.303
1.2.3 TWO-COMPARTMENT MODEL
The plasma concentration time curve of a drug tsmohot a straight line on
a semi-logarithm plot. If distribution of the drug so slow that it cannot be
disregarded, a model must then be considered wilnchtains a central

compartment and at least one other peripheral campat (Fig. 1.3).



CENTRAL PERIPHERAL

Kz
DOSE \21 > V, 1K— transfer rate constant
ELIMINATION K K — between the two
Compartments

Fig. 1.3: Two-Compartment Model Kinetics

Although, these compartments lack physical and cemiatl reality, for
many drugs, the central compartment correspondsetgplasma or blood volume,
together with extracellular fluid of highly perfubsdissues such as heart, liver,
kidneys and endocrine glands. Drugs distributetiiwiti few minutes through this
compartment and equilibrium between plasma anddigsrapidly established. The
peripheral compartments are then formed by lesfugertissues such as skin,
muscle or adipose tissues in which drugs enter rslongly. The combined effect
of two compartments gives rise to a bi-phasic Curwei.v injection with two

distinct linear portions when drawn on a semi logles
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Fig. 1.4. Plasma log — concentration time curveof a two compartment model



Although drug distribution is slow, it is usuallyuch faster than elimination.
Thus, the initial rapid fall in concentration (knovas thea-distribution phase)
mainly represents the relatively rapid process rofyddistribution from central to
peripheral compartment.

Once distribution is complete, the curve enters thktively slow or
elimination phase during which drug disappeararsedetermined mainly by
irreversible elimination from the central comparimheThe two compartment
model may be expanded to contain additional compant which can be described
mathematically as the sum of as many individuabeential functions as there are
relevant compartments (multi-compartment models).rdality, a maximum of
three-compartments is allowed in assay technigeastén, 1981).

1.2.4 THREE-COMPARTMENT MODEL

This is a design or a modified model for oral dgsim which an additional
compartment is incorporated to represent the vol(Mag from which absorption
occurs at a first order rate — Fig. 1.5.

In this model, it is assumed that the entire desapidly introduced into the
site of absorption, from which it is absorbed ith@ central compartment. This
compartment model also explains other administatbmtes such as intramuscular

or subcutaneous which involves a preliminary absgephase.
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Fig. 1.5: A three compartment model which includes compartment for
absorption — a typical log concentratiotime curve, after a single oral
dose.
1.3.0 PHARMACOKINETIC PARAMETERS
The following pharmacokinetic parameters (in algtadal order) shall be
determined in this study.
1.3.1 ABSORPTION HALF-LIFEt% abort% a
This is the time taken for half the dose of the emstered drug to be

absorbed. 1, ab is affected by all the factors which influenirag absorption such

as drug formulation, pH of the stomach or Pka aigdetc. t*2 ab is of no



significance in intravenously administered drugdd am calculated manually
through the method of residuals on a semi-logarithraph of plasma drug

concentration time or with the computer.

1.3.2 ABSORPTION RATE CONSTANT (Ka)

Absorption rate constant is a proportionality canstrelating to the rate of
drug absorption in the body. This is a first ord@netics where the rate of
absorption is directly proportional to the drug centration at the absorption site
per unit time (e.g. mihor hY).

I.e. Rate of absorption ka.Aa - - - (2)

Where Aa is amount of drug remaining to be absarbkdthis case, the driving
force for absorption is the difference between ¢bacentration of the diffusing
drug at the absorption site (Ca), and that unbanitidle arterial blood perfusing the
absorptive membrane (Cu), thus

Rate of absorption = P.A. (Ca-Cu) --- (2)

Assuming that the volume of fluid at the absorptsiee (Va) remains
relatively constant, then the distribution yields

Rate of absorption * [P.A].A-----(3)

Thus, the permeeR:)/iﬁtll ;:.onstant of the drug, thdase area and volume of

fluid at the absorptive site determine the valueKaf As with other first order
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processes, absorption is characterized by t¥2, snelated to t%2 exponentially
through the equation:

Ka = 0.693.e. Natural Log?2
tls tls

1.3.3 APPARENT VOLUME OF DISTRIBUTION (V g)

This is defined as that volume in which the amoohdrug in the body
would need/appear to be uniformly distributed tovote the observed plasma
concentrations. It is used to relate the plasma@anation of a drug to the dose
administered (if no elimination has occurred) otite amount of drug in the body.
V4 is inversely proportional to the blood drug leva&llarge value for Y implies
wide distribution or extensive tissue uptake ohbdtfter oral drug administration,

V4 can be determined from the equation:

Vg = FED or Vg = Cl

KeAUC Ke

Where, AUC = Area under curve
D = Dose

F = Bioavailable fraction
Cl = Systemic clearance

Ke = Eliminating rate constant.
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1.3.4 AREA UNDER CURVE (AUC)

Area under the curve is the integral of drug blémael over time from zero
to infinity (0-0) and is a measure of the quantity of drug abso(bmadvailable) in
the body.

AUC is a major determinant of the therapeuticceffy. The methods of
calculating area under the curve are discussedalipus authors. These methods
include planimetry, cut and weigh, trapezoidal raled computer integrated
application. AUC is important for calculating impamnt pharmacokinetic
parameters such as oral bioavailability, total plaslearance of drug and apparent
volume of distribution. It can be calculated frame equation:

AUC = G, dt
Where G = concentration of drug at zero time

dt = time difference and unit is ug/ml.h

1.3.5 BIOAVAILABILITY

Bioavailability is the term used to indicate measoent of the relative
amount of administered dose that reaches the sygstéroulation. Bioavailability
therefore deals with the rate and extent of drugpgdiion. The more rapid the
absorption, the shorter the onset of action and gheater the intensity of

pharmacological response (Rowland,1995).
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For orally administered drug bioavailability is denhined by how rapidly
they are cleared by the liver. Thus, drugs thathagh first pass effect are usually
poorly bioavailable e.g. lidocaine, propanalol, ptone, etc (Laurence and
Bennett, 1984).

Dosage forms of a drug from different manufactuesrd even different lots
of preparations from a single manufacturer sometiditfer in their bioavailability.
Such differences are seen in oral dosage formsooflyp soluble and slowly
absorbed drugs. They result from differences istatyform, particle size and other
physio-chemical properties of the drug that arerigdly controlled in formulation
including the coating materials. These factorscaffiee disintegration of the dosage
form and dissolution of the drug and hence the aat extent of drug absorption
(Ansel, 1981). The absolute bioavailability of alaladose can only be determined
when an intravenous (i.v) study with the same dwsdhe same subject is
performed.

Bioavailability is designed F and

F = _Amount of drug reaching systemic circulatadter oral dose
Amount of drug reaching systemic circulation aftéravenous dose

By definition, F ranges between zero and one. réteiofor two drugs forms
to be bioequivalent, the amount of drug absorbedhfeach must be the same, and

the rate of absorption from each drug product roestomparable. The absorption
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rate can be obtained by comparing the time of adeocge of peak plasma
concentration (J.,) after a single dose.
The extent of absorption can be determined by twthous:
1. By determination of the total area under the dragcentration (in
plasma) versus time curve (AUC)
2. By determination of the total amount of unchangeagdexcreted in the
urine.
In both cases, these results are taken in compawsgb result obtained with
a standard preparation. This standard may be sawvarious injection or an orally
administered aqueous solution or even another piduct accepted as a standard.
For practical purposes, in the determination ofab#lability, the AUC is
used. The AUC in the plasma concentration versug tCurve has the unit of
concentration time e.g. mg/ml.h and can be detexthioy several methods (see

1.3.4).(Rowland, 1995).

1.3.6 CONCENTRATION AT ZERO TIME (Co)
Co is an extrapolated value, which is an estiméténe drug concentration
multiplied by the volume of distribution (¥to give the dose of administered drug

i.e. Dose of administered drug 5 MCo
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For practical purposes, Co is estimated by extetjg the straight line of

the elimination phase of plasma drug concentratma graph to zero time.

1.3.7 ELIMINATION HALF LIFE (t%2B)

The elimination half life (t¥) is the time taken for half the amount of drug
present in the plasma to be eliminated either lyregon or metabolism or both.
In practical terms, it is the time taken for itagina concentration to be reduced by
half or 50% of its original value (Tripathi. , 280

Elimination plasma half-life can be determined footh one and two
compartment models from the terminal data of tresipla log-concentration time
plot. It is calculated by dividing 0.693 (naturabghrithm of 2) by the calculated
slope of each exponential phase of multi-phasiodblevel versus time curve.

Le. o = In2

Ke

The t¥8 is a poor index of drug elimination process ansag@ requirements
of individual patients as it depends not only ore tblearance (elimination
processes) but also on the volume through whicldtbg is distributed. However,
it is a useful parameter in the determination ofafle dosage intervals and time

required to attain the steady state during consiatndavenous or chronic oral

therapy.
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1.3.8 ELIMINATION RATE CONSTANT (Ke)

The elimination rate constant may simply be regarae the fractional rate
of drug removal. It characterizes the eliminatisogess. The proportion constant
is known as first order rate constant with dimensiof timé' Ke that is calculated
by the equation:

Ke = FD or C(CI

V;AUC Vyg
Where F is fraction of administered drug absorbed

D is dose of administered drug.

V4 is the volume of distribution of drug

AUC is a measure of the quantity of drug absorpdibavailable )in the
body.

Cl is systemic clearance

Ke is also experimentally related to half — lifeff) by the equation

Ke = 0.693
tv2P

The relationship between absorption rate constaal &nd elimination rate
constant (Ke) determines the rate of change of domgentration in the body as:

Rate of absorption — Rate of elimination = Rate oblange of drug

concentration in the body.

Ka.Aa — Ke .A=d.A,
dt

16



Where

Aa is amount of drug remaining to be absorbed

Ay is amount of drug absorbed in the body

d.A, is the total quantity of drug in the body

dt is the total time.

This means that when Ka>ke, blood drug levels ma# and will continue to
do so, until an equilibrium is reached at Ka = Kaew the rise will stop at the peak
level. The peak level will remain constant as loag this equilibrium is
maintained, but drug level will start to declinecerKe>Ka until the whole drug is
eliminated from the body.

1.3.9 LAG TIME (tiag)

The lag time (4, is the time interval between the administratiéraadrug
product (dosage form) and first appearance of thig th systemic circulation. It
can only be observed upon extravascular (ev) rofitadministration e.g. oral,
intramuscular, rectal, topical etc and is affedigdactors affecting absorption. It is
calculated by computer integrated application onuwadly through the method of
residuals on a semi-logarithm plasma drug conceotrgime graph.(Rowland,

1995).
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1.3.10 MAXIMUM DRUG CONCENTRATION (Cqay

This is the peak blood level of the administeredgdper unit time and is
reached when the rate of absorption equals theofamination (ka = ke) fx IS
instantaneous for intravenously administered dargskit is important in estimating
drug dosages during therapy. It is easily readaoffa semi-logarithm plasma
concentration time graph. The,& is proportional to dose. Thus, if the dose is

doubled the maximal blood concentration is alsadotkdi (Rowland, 1995).

1.3.11 SYSTEMIC OR PLASMA CLEARANCE (CI)

This is defined as the volume of plasma from whaclrug is totally and
irreversibly removed per unit time. Total plasmaachnce of a drug is the sum
total of individual clearances of the drug by tlgious organs of drug elimination,
namely, exhalation by the lungs, hepatic metabglisgnal and fecal excretion
systemic or plasma clearance is a direct indexwud @limination and is influenced
by factors which affect the organs of eliminatiacts as blood supply, diseases etc.
It is expressed in volume per unit time e.g. mRoWland, 1995).

Clis expressed by: CI _=F.B Absorbed dose of drug
AUC total bioavailable drug elirated

Where

F = fraction of drug absorbed (bioavailable)
D = Dose of drug administered.
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Clearance is also related to elimination rate @mis(ke) and the apparent
volume of distribution (Vd) by the equation:

Cl = ke. \}

1.3.12 TIME TO ATTAIN MAXIMUM CONCENTRATION  (tmay

This is the time taken by the administered drugattain its highest
concentration (peak level). Like &, thax depends on the equilibrium between the
rate of absorption and the rate of elimination, asdvery important in all
extravascular routes of administratiopatis used in the determination of dosage
and dosage intervals. It is used to determine bseration rate of any drug. The
time t,. after which the blood concentration becomes malkimmaoncentration —
independent given a particular drug and methoddohiaistration, the maximal
blood level will occur at the same time whether these is large or small.

(Rowland, 1995).

1.4.0 VARIABILITY IN PARAMETER VALUES
Many of the variables affecting pharmacokinetic goaeters have been
recognized and can be taken into account.(Intemnalti Biopharmaceutical

Association,2005).
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1.4.1 AGE AND WEIGHT

For some drugs, changes in pharmacokinetics withaaugl weight are well
established. In children and young people, renattion appears to correlate well
with body surface areas. Thus, for drugs primagllyninated unchanged by renal
excretion, clearance varies with age accordinghto dhange in surface area. In
person over age 20, renal function decreases dlfi¥lyear. For neonates and
young infants, both renal and hepatic functions rawe fully developed and no
generalization, except for the occurrence of rapwhange, can be

made.(International Biopharmaceutical AssociatRi05).

1.4.2 DISEASE

Renal function impairment: The renal clearancenoft drugs appears to
vary directly with creatinine clearance, regardleSthe renal disease present. The
change in total clearance depends upon the distoibwf the kidneys to total
elimination. Thus, (total) clearance is expectetdegoroportional to renal function
(creatinine clearance) for drugs solely excretedhanged and not to be affected
for drug eliminated by metabolism.

In acute renal failure plasma artemether levelserafintramuscular
administration were increased, this is possiblatesl to the reduced volume of

distribution as renal elimination of these drugaeegligible (Michiel, 1999).
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Hepatic disease: produces changes in metaboliaratiee, but good
correlates or predictors of the changes are uraMail Dramatically reduced drug
metabolism has been associated with hepatic cigh&educed plasma protein
binding is often observed in this disease becatikevered plasma albumin. Acute
hepatitis, with elevated serum enzymes, is usumtyassociated with altered drug
metabolism. Heart failure, pneumonia, hyperthysmdiand many other diseases
also alter the pharmacokinetics of drugs. (Inteomad Biopharmaceutical
Association, 2005).

Although Artemisinin is mainly metabolized bygatic transformation it has
been found that liver disease like liver cirrhodid not influence bioavailability

nor delay the elimination (Peter, 1999).

1.4.3 DRUG INTERACTION
Many interactions can cause changes in pharmadakiparameter values
and therefore in drug response. Most of thesedntiems are graded, and the extent
of the interaction depends upon the concentrabbi®th of the interacting drugs.
For instance, in the interaction study of artemethmenfantrine and
guinine in healthy subjects, the plasma level téraether and dihydroartemisinin
appeared to be lower when co-artemether was givaombination with quinine

compared to co-artemether alone (Gilbert,2003).
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1.4.4 DOSE AND TIME DEPENDENCE

In some instances, the value of the pharmacokipetiameters changes with
dose administered, concentration in plasma or #rgea decreased bioavailability
of griseofulvin as the dose is increased, a digptamate increase in the steady
state plasma phenytoin concentration or increassngosing rate and a decrease in
plasma carbamazepine concentration during its ohrarse. The decreased
bioavailability of griseofulvin is due to the drisglow solubility in the GI tract.
Phenytoin shows a concentration (dose) dependeercpuge the metabolizing
enzymes have a limited capacity to eliminate thegdand the usual rate of
administration approaches the maximum rate of nadigab.(International
Biopharmaceutical Association,2005).

Artemisinin exhibited both dose-time dependencemlitiple dose studies
with artemisinin, in both healthy subjects and gmas peak plasma artemisinin
concentration on day six were reduced to only 2d8émcompared to those on day
one, whereas the half life was unchanged. It wagested that auto-induction of
enzymes in the liver or gut was responsible fog thine dependent increase in first

pass effect (Michiel, 1999).
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1.4.5 PREGNANCY

Little information is currently available on effecbf pregnancy on the
pharmacokinetics of drugs in humans. As pregnandyarmces, important
physiological changes occur in the haemodynamies,rélative volume of body
water components, the hormonal milieu, the coneéintis of plasma proteins and
endogenous compound such as non-esterified faitthg,a&ll of ,which are known
to influence drug disposition and kinetics.

Steroid production is significantly increased inegmancy, and since
progesterone is known to stimulate hepatic mucesalyme activity, this could
lead to greater rate of hepatic metabolism for sane&s e.g. antipyrine and
diazepan (Kraumar et al., 1979).

No abnormalities and contraindications were foundpregnant women
during the second or third trimester of pregnamcthe treatment of uncomplicated

malaria (WHO, 2001).

1.4.6 ENVIRONMENTAL FACTORS

Environmental factors also contribute to individuahriations in drug
metabolism. Factors such as diet content of cent@cromolecules (protein or
carbohydrate) and the mode of preparation, sudhasoal broiling of meat, have

been shown to markedly influence drug biotransfaéionan man.
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Certain vegetables e.g. cabbages and brussel spraute also been
implicated in the stimulation of the metabolism drugs. Other well known
inducers of the hepatic drug metabolizing systeatuahe chlorinated hydrocarbon
insecticides such as Dichlorodiphenyltrichloroetina(DDT) and polycyclic
aromatic hydrocarbons (PAH) such as 3-4, benzymyrttese are products of
incomplete combustion and are spread in man’s emwient, occurring in

particularly high concentrations in tobacco anduied city air.(Vestal,1995).

1.4.7 GENETIC INFLUENCE

Pharmacogenetics is the study of hereditary vanatiin drug response.
Hereditary differences in the amount of structufeakey enzyme may result in
significant variation in the rate of drug metabwlign man. Where distinguishable
differences in a given characteristic exist, italed polymorphism. The mode of
inheritance is either monogenic or polygenic dependupon whether it is
transmitted by a gene at a single locus or by ganesiltiple loci.

Another way of describing the two distinct types d®ntinuous or
discontinuous. The former is more common and arisden the inherited
characteristics are controlled by several genesnadll effect (i.e. multifactoral

inheritance).
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The distribution of the given characteristic wiflosv a continuous variation
and will yield a unimodal or gaussian distributicurve. On the other hand, where
a characteristic depends on single gene of majectsf a bimodal or even trimodal
distribution in the population may be observed.sTimonofactoral inheritance is
much less common and has so far been restrictedféar specific examples, the
best known of which is the hepatic enzyme N-acetyisferase. This enzyme
catalyses the transfer of an acetyl group to a mumrobdrugs including isoniazid,
sulphadimidine, dapsone and hydrallazine. Measunemplasma concentration
of isoniazid for example, six hours after oral adistration, resulted in a bimodal
distribution histogram. The subpopulation groupsrenvdesignated “rapid” and
“slow” acetylators which vary in different races.

Other inheritable factors recognized in the usalmigs include defective
plasma cholinesterase resulting in prolonged actibrsuxamethonium and the
haemolytic activity on red blood cells by some uatiarial drugs e.g. primaquine

due to deficiency of gluco-6-phosphate dehydrogefeessel,1980).
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1.5.0 DRUG INTERACTION

A drug interaction occurs when either the pharmawics or the
pharmacodynamics of one drug is altered by another.

A therapeutic drug interaction occurs when one diggificantly alters the
degree of response to another drug when two or nabugs are taken in
combination. The outcome of concurrent drug adsiiaiion may diminish
therapeutic efficacy or increase toxicity of one mpore of the administered
drugs.(Paula,2001).

Drug interactions occur or arise frequently becauséiple drug therapy is
the rule than the exception. In this study, drugriactions are classified on the

basis of whether the pharmacokinetics of a drualtesed.

1.5.1 PHARMACOKINETIC DRUG INTERACTION

In this case, either the pharmacokinetics of oneboth of the drugs
administered is altered i.e. the absorption, distron, metabolism or excretion of
one drug or both drugs is affected by being adrn@resl concurrently.

Distinction between pharmacodynamic and pharmaeokimrug interaction
is best made by relating response to unbound ctratem of the
pharmacologically active species. Change in theountl concentration — response

curve implies a pharmacokinetic drug interactionzdr et al., 1980).
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Pharmacokinetic drug interaction can be evaluatenutatively by
reference to changes in the pharmacokinetic pammebf the test drug
(Absorption tva, elimination t“, AUC etc).

1.5.2 DRUG ABSORPTION INTERACTION

Interaction during the absorption phase resultseither an increase or
decrease in the relative rate of absorption omarease or decrease in the amount
(extent) of drug absorbed.

With respect to rate of absorption, a drug may lbeeed so slowly such
that even though it is completely absorbed it mayen reach effective serum
concentration, for example, procainamide changatm of absorption will not alter
the area under the concentration time curve.

Other examples are acetaminophen and propanthd€lmepantheline
decrease the absorption rate of acetaminophen, amitetphen and
metoclopramide) metoclopramide increase rate ajrpitisn of Acetaminopen.

On the other hand, changes in extent of absorptiene different
implications; there is alteration in the AU.C Alteration in extent of absorption is
exemplified thus — digoxin and propantheline. Prapaline enhance availability
of slowly dissolving digoxin).

The absorption of drugs from the gastrointestiredts is a complex process

that depends on many physiochemical and physi@dbdactors (Levine, 1970).
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An enumeration of a number of mechanisms are adswsl pH effect on
dissolution and ionization, changes in gastric gmgtand Gl motility, formation
of complexes, ion pairs and chelates, interferaviteactive transport etc.

Daily induced changes in pH of gastrointestinaidflmay have complex and
unpredictable effect on the absorption of othemgdrtaken at the same time. The
stimulatory effect of alkali in gastric emptying ynexplain the apparent increase in
propantheline absorption caused by bicarbonatauso@Chaput des Saintang and
Hexheimer, 1973).

H, receptor antagonist will raise pH of the gastrigidf and therefore
increase rate of absorption of drugs that are &leslomajorly in the small intestine.
There are several mechanisms by which bioavaitgmf one may be affected by
the other. Induced changes in the gastric intdsénaronment such as altered gut
motility, blood flow, effect of ionization, pH, plsjochemical interaction such as
chelating; complexation, adsorption and dissolutidhysiological factors such as
enzymes and tyramine in food.

Ranitidine an H — receptor antagonist has been reported to dedayrig
emptying time with concurrent administration therefdecreasing delivery of drug

which eventually affects absorption of other dr(§sarpignataet al., 1982).
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1.5.3 DRUG DISTRIBUTION INTERACTION

Drugs are reversibly bound to tissue, plasma prst@ind receptors. The
ratio of free drug to bound drug at each of this depends on the properties of the
drug, disease condition in patients (e.g. uraelmygo-proteinaemia) and plasma
protein concentration and concentration of the drug

Drug distribution interaction leads to alterationviolume of distribution due
to alteration in tissue and plasma protein bindihgshould be noted from the
foregoing that competitive interaction for samedmngy site between two or more
interacting drugs is implied because binding miglut always result from
displacement.

Two conditions must be met for substantial and icdity significant
displacement in plasma to take place. First, theydnust be bound to protein
(unbound concentration must be 16W10%). Secondly, the displacer must have
high affinity for the same binding site. Rantidiaed promethazine are 15% and
93% protein bound respectively. Therefore displaa@nnteraction between both

drugs will not be clinically significant.(Hanste®34).

1.5.4 DRUG METABOLISM INTERACTION
Drug metabolism implies chemical transformation afdrug within a

biological system leading to an alteration in itsdgtivity. Implicit in the above
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definition is the fact that drug metabolism mayutesn more active/toxic or less
active/toxic or inactive/non-toxic species.

Drugs are transformed by a variety of pathways.yThee adequately
grouped into phases viz, phase | and phase |l cggply. Phase | reactions result
into formation of more polar metabolite from parediug by introducing or
unmasking a functional group. The different pathsvayay involve oxidation and
reductive process e.g. aromatic C-oxidation (hydiation), N-dealkylation, N-
oxidation etc. However, a phase Il reaction may talace for phase | metabolites
that are not rapidly eliminated. This subsequentabwic process involves
conjugation with an endogenous metabolic substsateh as glucuronic acid,
sulfuric acid, acetic acid and glycine to form Hygpolar conjugates.

Two microsomal enzymes play a key role in metabuli§he first is the
flavour protein NADPH. Cytochrome P450 reductaséne Tsecond is the
haemoprotein called Cytochrome P450 that servesteasiinal oxidation.
Concurrent administration of drugs can lead toranease in rate of metabolism of
the other drug by induction of the enzymes resbasi for

metabolism.(Kastrup,2000).
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1.5.5 ENZYME INHIBITION

Enzyme inhibition is an extremely common mechanibehind the
interaction of two drugs such interactions oftesufein exaggerated and prolonged
responses with an increased risk of toxicity. Mioiibitory interaction involves
the hepatic mono-oxygenase enzyme .A number ofsdhaye the capacity to
inhibit these enzymes, usually by competitive lmgdio cytochrome P450 to form
a stable complex which prevents cytochrome P45@mazsystem to have access
to other drugs.

Imidazole containing drugs such as cimetidine agtdd¢onazole bind tightly
to the haem iron of cytochrome p450 and reducenth&abolism of endogenous
substrates e.g. testosterone or other co-admiedstdrugs through competitive
inhibition. This leads to prolongation of the effe of other drugs. Other enzyme

inhibitors are chloramphenicol (metabolite), spofactone etc.(Brodie,1998).

1.5.6 ENZYME INDUCTION

Reduced effect of many drugs has been shown taiedadthe induction of
metabolic enzymes. Induction results in an acceteraof metabolism and
subsequent decrease in the pharmacological acfidoth the inducer and co-

administered drug.
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In the case of drug metabolically transformed tactee metabolites,
induction may exacerbate metabolite induced toxiciExample of induction is a
co-administration of barbiturates with warfarin.rBiturates increase metabolism

of warfarin .(Brodie1998).

1.5.7 DRUG EXCRETION INTERACTION

Drugs are eliminated by urinary excretion througheé¢ mechanisms viz,
glomerula filteration, tubular reabsorption, tubudacretion. Interaction may occur
by competition for tubular transport. For examplee effect of probenecid on
increasing serum levels of penicillin is well knawiHowever, concurrent use of
probenecid and sulphinpyrazone does not alter tukvidual uric acid and
clearance obtained with each drug alone. Also Inadls of some drugs can be
greatly changed by changes in urinary pH inducealkglinizers such as sodium
bicarbonate or acidifiers such as ammonium chloff@estrup, 2000).Examples are

salicylates and amphetamine respectively.
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1.6.0 SALIVA (AS BIOANALYTICAL SAMPLE)

The biological fluids that are most commonly anelyzare whole blood,
plasma (or serum), and urine. Less common fluidsireng analysis include bile,
sweat, milk and saliva. Saliva may be consideretiqogarly useful where it can be
shown to accurately reflect the concentration iootdl as it is a non-invasive
method.

Saliva is a colourless transparent/translucent,esdmat viscid material of
low viscosity. Its attraction for bioanalysts istht is relatively free of interfering
substances, is easily extractable by organic stdvand is thought to reflect the
levels of non-protein bound drug in the blood. Fomn-ionized drugs such as
steroids, the drug should readily cross from plagmasaliva and this would
represent a non-invasive method of monitoring.

Normal subjects may produce up to 2 litres of saliv24 hours with a more
or less continuous flow of 15ml/h between mealslle€ton of a reasonable
sample in a reasonable time is tedious for normomajlests but larger samples can be
obtained by stimulation of glands, by chewing aertirmaterial such as paraffin,
parafilm, rubber bands, pieces of Teflon (Dawes Muatpherson, 1997) will

usually elicit a flow of 1to3ml/min.
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Stimulated saliva is also reported to be more cbast with its pH value (pH
7.0 to 7.8). The composition of saliva compares wih those of blood, plasma
and serum. Authors reporting of the analytical hmods for determining drug in
saliva did not seem to have experienced any péatiguoblem in adapting existing
methods. For other fluids such as plasma or seramor problems have been
noted with adsorption of phenytoin to mucoid pnoseof saliva and the occasional
adsorption of drugs to the stimulation material.

Most drugs appear to enter saliva by passive diffugprocess which is
characterized by the transfer of drug moleculesrdawoncentration gradient with
no expenditure of energy. The rate of diffusion gdng a function of the
concentration gradient, the surface area over witheh transfer occurs, the
thickness of the membrane, and a diffusion congtaatt depends on the physio-
chemical properties of each drug (Paxton, 1979).

Analysis that used saliva for quantification of gisuis ultraviolet
spectrophoto meter, high perfomance liquid chrograehy. Examples of drugs
that are analyzed using saliva include mexilten@proquine, promethazine,

artemisinin and its derivatives, paracetamol, etc.
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1.7.0 AIMS OF THE STUDY

The study has the following specific aims:

(1) Determine pharmacokinetic parameters of antigu

(2) To evaluate pharmacokinetic parameters ofsanate when co-administered

with Vit. C

1.8.0 RESEARCH QUESTIONS
(1) What are the pharmacokinetic parameters ofantte when administered
alone?
(2) What are the pharmacokinetic parameters of artésunghen co-

administered with ascorbic acid?
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1.0 GENERAL
2.1.1 NAME: ARTESUNATE (ARTEMISININ)
2.1.2 HISTORY AND CHEMISTRY

Artemisinin (ginghaosu) is the antimalarial prifeigsolated by Chinese
scientist in 1972 from the plamirtemisa annua L, a sesequisterpene lactone
(empirical) formula (GsH»:0s) bearing a peroxy group. Artemisinin is hydroplwobi
and passes biological membranes easily.

Artemisinin is the active ingredient in ginghaoChinese herbal tea that has
been used for 150 years to treat malaria and n@ibkan found to grow in other
parts of the world too. It is prepared as an irdfngf dried leaves.

Derivatives of artemisinin, artesunate, artheetred artelinate, artemisinin
and these compounds are quickly converted to thasma metabolite,
dihydroartemisinin which is the chemical with thatimlaria activity. The oll
soluble derivatives are arthemether, and arteetn®d, the more water soluble
dervivative sodium artesunate and artelinic acidese derivatives have more
potent blood schizonticidal actively than the pareompound, and the most

rapidly effective antimalaria drug known. They ased for treatment of severe and
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uncomplicated malaria. They are not hypnozonticmal gametocytocidal activity
has been observed. They are adversely rapid and padients show clinical
improvement within 1-3 days after treatment. Angmn and its synthetic
derivatives are available for treatment of falcyparmalaria infection (Meshniaht
al., 1996).

Artemisinin has a short elimination half life, gi@ onset of action. A major
drawback with artemisinin and its derivatives ighhrecrudescence rate (within 2-3
weeks after monotherapy) (Li., 1989). It has prod#gicult in field studies to
determine whether the relapse malaria episodeslaeto new infections or the
persistence of the previous one. It has been steghdbat the occurrence of
recrudescence may partly be due to the decreagimgniainin concentration
towards the end of treatment (Ashtenal., 1998). Artemisinin, artemether and
artesunate have been used in China for treatmenonhodmplicated malaria and
increasingly in the rest of South East Asia forltdst decade.

In general, oral formulations of these drugs amgditg and incompletely
absorbed and their bioavailability is low (Bethetlal., 1997). There is good
evidence that they undergo extensive first passalbodsm in the liver. Both
artesunate and artemether are rapidly transformiddihydroartemisinin so that
the metabolite is generally present at higher Evblan the parent compound (Teja

etal., 1996).
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Although dihydroartemisinin is the most active dative in a molar basis
each of the parent drugs are active in the low aNge and are known to achieve
levels much higher than the minimium inhibitory centrations in the plasma. In
spite of the rapid clearance and extent of transhbion, the parent drugs may
contribute a significant proportion of the antinredaeffect in the blood (Hien and
White, 1993, Tierkulet al., 1993).

Despite the limitation of many of the reported idal studies, a constant
observation is that artemisinin derivatives produester relief of clinical
symptoms and clearance of parasite from the blbaed bther antimalaria drug
(Hien and White, 1993). In about 90% of the paseaygitven these drugs, the fever
resolved and the parasitaemia cleared within 48shotitreatment. It has been
estimated that they reduce the parasite biomass fagtor of approximately £0
fresh 35-48 hours asexual cycle of the parasitebgnal factor of 1810° over a 3-
day course of treatment (White, 1997). Despitar thlrort elimination half-life
(1.6.-2.6 hours) artemisinin drugs are effectivewliven daily.

The problems with the artemisinin drugs is that nitleey are used over
short periods of less than five days, clearancpav@sitaemia from the blood is
only temporary in up to 50% of patients. This hasrbattributed to the short time
that it takes for artemisinin drugs to be elimighteom the body. Higher efficacy

can be obtained by 5 and especially 7-day reginensthis is associated with
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reduced compliance in outpatients. Artemisinin seportedly well tolerated in
adult and children, no serious adverse effects teemn reported following their
clinical use. They are reliably effective againstiltidrug resistant falciparum
malaria when combined with mefloquine. It improypesasite clearance compared
with either drug alone.

In order to increase compliance, attempts have lpegte in Thailand to
reduce the required days of drug administratiom(i®get al., 1991, Norteret al.,
1994). A one-day course of 10mg/kg of either arsemm ,artesunate together with
mefloquine (10-15 mg base/kg) resulted in recruelese rate of 15-20%. A single
dose of 300mg arthemether or artesunate followe#9omyg mefloquine base/kg in
divided doses gave cure rate of >95%.

Artesunate and arthemether have been shown to phrassitaemia more
effectively than chloroquine and sulphadoxine/pgtiamine in Nigeria and
Tanzania (Alinet al., 1996, Ezedinachi, 1999). Artemisinin and its dative have
a significant effect on gametocytogenesis. Laboyastudies have shown that they
prevent gametocyte development by their actiorherring stages and on the early
stage (State | — Ill) gametocytes (Kumar and Rha@§0). The observations have

been confirmed by field studies (Chetral., 1994).
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CH1a

OCOCH 5CH 5COOH

Figure 2.1: Structural formulae of artesunate (Dihydroartemisinin-12-a-

succinate)

2.2.0 MECHANISM OF ACTION
In- vitro studies have suggested an uptake of astem by both healthy and
malaria infected red blood cells. It is known thaemisinin binds to haem, either
in haemoglobin (inside red blood cells) or haemoz@tored haem within the
malaria parasites). Through an iron-mediated clgavaf the peroxide bridge
artemisinin free radicals are formed. These frelceds are destructive to different
parasite membrane, including mitochondria, roughkloprasmic reticulum and
plasma membranes, thereby killing them (Gordi £2@01).

It is believed that the haem in — rich internal iemwvment of the parasites is
one of the reasons for the selective toxicity demsinin toward the malaria
parasites as haemin has been shown to interacttietltompound (Gordi et al,

2001).
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2.3.0 TOXICITY

Well-documented clinical uses of artemisinin andivdgives have shown
few insignificant side effects but findings in rstudies are causing controversy.
Intramuscular arteether at 25mg/kg/day resultedaia brainstem pathology with
damage to the auditory nuclei. Parenteral artemethéhe treatment of cerebral
malaria in Gambian children showed a prolongedvegofrom coma and post-
treatment convulsions than the same treatment guthine. Also in Vietnamese
adults, prolonged recovery was noted, but no irseéa mortality and neurological
behaviour afterwards (Happner and Ballou, 1998he@t are transient heart block,
transient decrease in blood neutrophils, and lepefodes of fever.

Despite several reports on neurotoxic effects ténaether (Brawekt al.,
1994), this family of compounds has proven to baesmely well tolerated in
clinical practice (Dayamt al., 1998). The neurotoxicity seen in animals aftehhig
doses of these compounds has not been reportednmarn (Ambroise, 1991).
However, a longer time for recovery from coma imeteal malaria patients has
been observed in those treated with intramusculéemether compared to

intramuscular quinine.
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2.4.0 PHARMACOKINETICS

Artemisinin has a quick onset of action therebypiong the parasites from
developing and cyto adherence is not recorded. BRiisgosition of artemisinin
after oral administration has been determined,gugione compartment model with
separate pharmacokinetic estimated for children addlts. The population
estimates for artemisinin clearance and distrilbutiolume respectively were 432
L/kg™ and 37.92L/kg for children with inter-subject variability colléeely for
both age group of 45% and 10.4% respectively. Ttad bioavailability was
estimated to decrease from day 1 to day 5 by arfat6.9, a value found to be
similar for children and adults (Sidlual., 1998).

Half life of artemisinin is 4 hours and artemetddet1l hours (Battyet al.,
1998). Findings like this advocated the dosingrbémisinin to children according
to a standard dose.

CytochromeP-450 enzymes 2B6 with some possibleribatibn of CYP
3A4 and CYP2A6 have been suggested to metaboligecttimpound. Rectal
administration of artemisinin resulted in lower gt@a concentrations of the drug
compared to oral doses, although no significanfedthce was found in the
elimination half lives between the two adminiswatroutes.

Fraction bound artemisinin to plasma proteins ayesaaround 80-85%.

Artemisinin exhibits time and dose dependent kasetn both healthy volunteers
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and malaria patients. These include trends for ssipte saturable first pass
metabolism and decreased plasma concentration tgp@mated administration of
the substance. The capillary and saliva sampladyldieen suggested as promising
replacements for various sampling in pharmacokirsttidies of artemisinin (Gordi

et al, 2001).

2.5.0 EMPIRICAL LITERATURE REVIEW

Pre-clinical studies have consistently shown thaenaisinin and its
derivatives do not exhibit mutagenic or teratogeagtvity, but all of these drugs
caused foetal resorption in rodent at relatively oses of 1/200 — 1/400 of the
LD50> 10mg/kg when given after sixth day of gestatiReports on the use of
these drugs during pregnancy are limited (WHO, 20Blbwever, malaria can be
particularly hazardous during pregnancy. Artemisirand its derivatives are
therefore the drugs of choice for severe malarth @an be used for treatment of
uncomplicated malaria during the second and thindetster of pregnancy in areas
of multiple drug resistance. Their use in the firsinester is not recommended
(WHO, 2001).

Between 1992-1995, an assessment of gametocytaeroiger 5000 adults
and children in western Thailand near the bordeh wWwilyanmar showed that

treatment of ,uncomplicated falciparum malaria veither artesunate or artemether
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greatly reduced gametocytaemia (Prateal., 1996) compared with mefloquine.
The artemisin derivatives reduces gametocyte nata factor of eight in primary
infections and by a factor of 18.5 in recrudescerfections. Artemisinin
pharmacokinetic in healthy adult after 250, 500 48@0mg sample oral dose
shows that inter-individual variability in arterms&n pharmacokinetic was large
with parameter coefficient of variation (CV) typllyabetween 50 — 70%. The
parameter with the smallest variability was elimioa half- life (CV)
approximately equal to 30-40% (Ashtetral., 1998).

Analysis of variance indicated also a large intrbjsct variability, CV of 2-
4% for the dose normalized area under the plasmeecdration time curve (AUC)
dose. The pharmacokinetic results suggested artemtis be subject to high pre-
systemic extraction. Artemisinin half -life coulatnpredict the extent of in vivo
exposure to the drugs, there being no correlatietwéen half- life and oral
clearance. Artemisinin oral plasma clearance isia#00 LK (Ashton et al., 1998)
exhibiting a slight decrease with dose althoughdfiect was weak, thus results
from studies using different artemisinin doses eangn be compared without the
complication of disproportionate changes in drugasure with varying dose
levels. Half-life appeared to increase with dosa. dhserved period effect in the
analysis of variance has tentatively associateld wie-dependency in artemisinin

In plasma concentration determined at various fooimts after 500 and 1000mg
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doses, but less after 250mg doses. This may shentaive approach to assess the
systemic exposure of the patients to artemisinimmfrthe determination of
artemisinin plasma concentration, one or two plasaraples only artemisinin was
well tolerated with no apparent dose or final dejset effects on blood plasma,
heart rate or body temperature.

Peter (1999) investigated whether the clearancartmisinin in patients
with liver cirrhosis is different from healthy vaiteers; a pharmacokinetic study
was performed in male Viethamese patients with titgp® induced cirrhosis of
liver who received 500mg of artemisinin orally. Tiesults were compared to those
found in a previous study in healthy subject. Theam¢ S.D) area under the
concentration time curve was 2363.76.2)ng/ml, the mearx (S.D) clearance, 385
(x30.3). The elimination half life was2.3) h estimated by non-linear regression
using a one-compartment first order elimination BlodThe mean { S.D)
absorption time was 2.5% (0.8h) These results were not different from #mults
of healthy subjects and shows that liver diseasenbaeffect on the availability and
clearance of oral artemisinin, indicating that enit@nin has an intermediate hepatic

extraction ratio and that there is no significardtfpass effect.
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2.6.0 ASCORBIC ACID (VITAMIN C)

Vitamin C (Ascorbic acid) is obtained from citrusuits, tomatoes,
strawberries, cabbage, greens and potatoes, oraagdslemon juice are
outstanding source containing approximately 0/smh@2.8m/M). Ascorbic acid
is a powerful reducing agent and functions in a lpenof biochemical reactions
mostly involving oxidation. Ascorbic acid is usyakhdministered orally, readily
absorbed from the intestine via an energy depengletess. The recommended
dietary allowance (RDA) for vitamin C is 60mg dailyased on threshold urinary
excretion of vitamin C and preventing the vitan@ndeficiency disease scurvy
with a margin of safetylLevine, 1996). Threshold urinary excretion of vitamin C
was reported at 60mg daily dose (Levine, 1996).

Complete plasma saturation was found to occur a00Mh@ daily.
Neutrophils, monocytes and lymptocytes saturatednit daily and contained
concentration at 14 fold higher than plasma. Bidakdity was found to be
complete at 200mg of vitamin C as a single doseodFand Nutrition Board,
Institute of Medicine, 1994). The daily intakewafamin C is 60mg (current adult
RDA) and achieved plasma concentration of 0.8m@#8Im UDA) and the body
store is about 1500mg of intake raise beyond 200aily the body store tends to

level at 2mg/dl (110 mum). It is present in thagpha, leukocytes and in the tissue.

46



The white blood cells of healthy adult have conrin of about 27ug of ascorbic
acid per 18cells (Vallance, 1990).

L-ascorbic is converted to oxalate in man and d&dras dehydroascorbate
in urine. One of the metabolites of ascorbic asidscorbic acid -2-sulphate and is
greatly in excess of the physiological requiremerdgh dose of vitamin C acidify
the urine thus affecting the elimination of wealsd®m Acidic urine may cause
precipitation of urate and cysteine stone in theany tract.

2.7.0 CHEMISTRY OF ASCORBIC ACID (VITAMIN C)

Ascorbic acid is a six carbon ketolactone strudiyirelated to glucose and
other hexoses. It is reversibly oxidized in the yota dehydro-ascorbic acid. The
latter compound possesses full vitamin C agtivihe structural formulas of
ascorbic acid and dehydro-ascorbic acid are |k

Figure 2.2: Structural formula of Ascorbic acid
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Ascorbic acid has an optically active carbamaand antiscorbic activity resides
almost totally in the L-isomer. Another isomer @tbic acid (D-isoascorbic acid,
D-araboscorbic acid has very weak anti-ascorbuticom but has been used to
present nitrosamine formulation from nitrites irreai meats such as bacon. The
reason for the lack of a stronger antiscorbuticoacdf erythrobic acid is probably
the incapacity of the tissue to retain it in theaggified form that ascorbic acid is
stored. One consequences of the facile oxidatioasobrbic acid is the readiness
with which it can be destroyed by exposure toespecially on an alkaline medium

and it appears it is present as a catalyst.

2.8.0 ABSORPTION, RATE AND EXCRETION

Ascorbic acid is readily absorbed from the intestaimd absorption of dietary
ascorbate is nearly complete (Kallner et al., 199%)en vitamin C is given as a
single oral dose, absorption decreases from 75% gtam to 2 at 5 grams.
Ascorbic acid present in the plasma and ubiquitodstributed in the cells of the
body. Concentration of the vitamin in  leukocytesare sometimes taken to
represent dose in tissue are less susceptiblepietaa, than in the plasma. The
white blood cells of healthy adults have concerrat of about 27ug of ascorbic
acid per 18 cells. It should be noted that the amount of dsicaacid in leukocytes

may be inversely related to their number and eséisnaf ascorbate acid status may
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be falsely low in patients with leukocytosis in whawvhite cell ascorbic acid is
measured (Robert et al, 2000).

Adequate ingestion of ascorbic acid is associatgkd concentration over
0.5 mg/dl (28um) whereas concentration of 0.15 ing(®.5uM) are seen in
individuals with frank scurvy and the total bodgrst of the vitamin at this time is
approximately 300mg. When the intake of ascorbataised, the concentration in
plasma also increases at first linearly. The comagan deviates from linearly at
about 200mg/day and achieves saturation at 100@yg¥lhen 60mg of vitamin C
Is consumed per day (the current adult RDA), theceatration in plasma reaches
about 0.8 mg/dl (45um) and the body store is faoroe 1500mg.

If intake is raised beyond 200mg daily, the bodyesttend to level off at
2500mg and the concentration in plasma at 2mgd{in). The renal threshold
for ascorbic acid is about 1.5mg/dl of plasma( 8ppand increasing amounts of
ingested ascorbic acid are excreted when the daifke exceed 100mg.Urinary
excretion of oxalate and urate increase when aaborbic acid intakes approach
1000mg(Levine,1996). Ascorbate is oxidized to, @orats and guinea pigs, but
considerably less conversion can be detected in @aa route of metabolism of
vitamin C in man involves its conversion to oxalatel eventual excretion in the
urine as dehydroascorbate is presumably an inteateed\scorbic acid -2- sulfate

which also has been identified as a metabolitatafmin C in human urine.
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2.9.0 HUMAN REQUIREMENT

The daily intake of ascorbic acid must equal theamn that is excreted and
destroyed by oxidation. Healthy adult human subjéase 3 to 4% of their body
store daily. To maintain a body store of 1500mgaséorbic acid or more in an
adult man, it would thus be necessary to absorboappately 60mg daily.

South Africa runners have been observed to re@@@eto 250mg of vitamin
C daily to maintain a plasma concentration of 0g/dh(43um) (Goodman and
Gilman, 2000). Concentration of ascorbate in plasslowered by the use of
cigarettes and oral contraceptive agents but theifance of those changes is
unclear, requirement can increase in certain deseasd particularly infectious

diseases and also following surgery (Levine, 1993).

2.10.0 DRUG INTERACTION

Mefloquine has no effect on plasma concentratiafilps of oral artesunate.
There are similar data after the administratiodibfdroartemisinin supporting the
conclusion that mefloquine does not influence thesogption, distribution,
metabolism or excretion of artesunate.

From the available literature, artesunate is uhfike have significant impact
on the absorption and distribution of mefloquin@nt® observations on &

values made by Karbwang et al (Karbwang, 1994) ccoukan that artesunate
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decreases the bioavailability of mefloquine. Datarf other studies do not support
this conclusion, but rather suggest that artesuaate mefloquine can be given
together with confidence (Davis, 2006).

Regarding metabolism and excretion, available exddesuggests that the
terminal elimination half time for these drugs imitar whether they are given
alone and in combination (Davis, 2006). Furtheeman vitro studies have shown
that artesunate does not alter mefloquine metabdiis human liver microsomes.

No pharmacokinetic interaction with other antimalbdrugs of importance
has been identified. There is a theoretical rigit thpharmacodynamic interaction
with desfferroxamine might attenuate the antimalamctivity of artesunate.
Studies were conducted to evaluate the antimalao&ntial of clindamycin in
combination with dihydroartemisinin in continuousbtultured and in freshly
isolatedPlasmodium falciparum histidine rich protein Il synthesis

Interaction analysis revealed a synergistic adelitmode of interaction at
various concentration ratio in all continuously taukd parasites at the 50%
effective concentration (EC 50) level. In freBh falciparum isolation, a fixed
clindamycin — dihydroartermisinin combination exteld additive activity at the
EC50 and EC90 levels (Ramharter , 2003).

In-vitro data confirm that Azithromycin in combimat with artemisinin

derivatives or quinine exerts additive to synergigtteraction (Horald, 2007).
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The interaction between atovaquone and dihydroasteim showed antagonistic
effect against the atovaquone sensitive straiedest

The quinolines and the artemisinin peroxide acagmnistically in -vitro
againstP. falciparum in culture. They both rely to some degrees ongemgeration
of haem within the parasite in order to exert tifidireffects (Taramelli, 2005).

Studies were carried out between artemisone amdarhline, atovaguone or
pyrimethamine with 1 antagonistic effect was foubetween these drugs but
synergistic effect occurs between artemisone anfloqene or lumenfantrin
carried out in vitro. In this study, the interactiof artemisinin with lumenfantrin
was slightly synergistic against the drug resistdhtstrain slight antagonism
between artemisone or artesunate and tefenoquiamsag307 and Kl strains,
which contrasts with synergistic effect betweernaluine and artemisinin against
multi-drug resistant isolates reported previously.

Similar contrasting results were found with arteonis and artesunate plus
amodiaquine, in which antagonism was observed,it@eapsynergistic interaction
between artemisinin and amodiaquine. These diftmenmay be related to
different drug ratios used or varying degrees afjdsusceptibility ofP. falciparum
strains or isolates used in each study.

The synergistic effects observed in- vitro witheantsone and mefloquine

were reported in- vivo and were similar to thosevpusly reported for artesunate
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in combination with mefloquine. The combinationasfemisone with chloroquine
and with clindamycin had synergistic effect in-ajparticularly with chloroquine
against the chloroquine resistéhyoelic N.S and less apparent with clindamycin in
P berghei N.Y (Nagamune, . K, 2007).

The pharmacokinetic and tolerability of artesunael amodiaquine alone
and in combination in (15) healthy volunteers weagried out by (Orrelkt al.,
2008) and it was observed that the mean AUC wasrdar dihydroartermisinin
(ratio 67%) (95% CL 51-88%) p = 0.008) and desethniddiaquine (ratio 65%,
95%, Cl 46-90%), p = 0.0015) when compared with atlberapy. The total drug

exposure to both drug were reduced significantly.
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1.0 DRUGS
3.1.1 Artesunate — 50mg tablet
Vami's artesunate manufactured by
TUYIL PHARMACEUTICAL INDUSTRIAL LIMITED
22, Stadium Road, llorin, Kwara State, Nigeria.
Batch No. TVA 307
MFG Date: September, 2007
Exp. Date: August, 2010
3.1.2 Vitamin C (Ascorbic Acid) 100mg tablet.
Vitamin C Tablet; (Em — Vit. C)® 100mg
Manufactured by:
EMZOR PHARMACEUTICAL INDUSTRIES LIMITED
Plot 3C Block A, Aswani Market Rd, Isolo, Lagosgiria.
Batch No: BN 2218M
MFG. Date: 07 May, 2007

Exp. Date: 10 May, 2010
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3.2.0

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

3.2.7.

3.2.8.

3.2.9.

3.3.0

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3.5.

3.3.6.

EQUIPMENT

Analytical balance (Mettler AE 240)

Ultraviolet spectrophotometer 6505 U.V/\dsnway
Vortex Mixer (Gallenkamp)

Centrifuge machine (Gallenkamp)

Stop watch/clocks

Test tubes (pyrex)

Sample bottles of various sizes

Centrifuge tubes

Test tube clamps

REAGENTS

N-hexane (BDH Chemicals Ltd Poole England)

Sodium hydroxide pellets (BDH Chemicals, |IB&ngland)
Hydrochloric Acid (Analar Grade BDH ChemsaPoole, England)
Ethyl acetate (Analar grade BDH Chemicall®dengland).
Distilled water.

Methanol (Riedel-de Haen,Germany).
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3.4.0 DEVELOPMENT OF ANALYTICAL METHOD.
3.4.1 Selection of Analytical Wavelength.
Analytical method was developed using Jenway 8508/IS spectrophotometer
by selection of Analytical Wavelength i.e prepgriiQug/ml stock solution of
the standard Artesunate in different solvents wagthyl acetate, n-hexane and
scan through U.V region of 400-200nm to obtemmax with the various solvents
to determine the highest solubilitynax 300nm of sample with n-hexane shows

sharp peak which was then selected as a workableMfagth.

3.5.0 PRECISION AND PERCENTAGE EXTRACTION RECOVERY OF
THE ANALYTICAL METHODS

The precision of the analytical method was caroatfor both within —day
and between- day analysis by preparinggitl and running five times and the

mean concentration and% C.V was calculated.

3.6.0 EXTRACTION METHOD

Extraction method was adopted and modified fromgi®Oet al., 2001). 2m|
of saliva sample was added to 6ml of n-hexane.niitx¢ure was rotard mixed for
30 seconds and centrifuged for 5 minutes at 2000rphhme supernatant fluid
(containing free drug) was collected in a samplgld@nd absorbance was taken

using U.V spectrophotometer at  300nm. Also Paaggnextraction recovery was
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determined to provide efficiency of the extractrmathod and reproducibility using
% extraction recovery procedure below.
PERCENTAGE EXTRACTION RECOVERY

= Amount recovered from sample concentmigpm| X 100
Amount recovered from O0.HEL 1

3.7.0 CALIBRATION CURVE

Calibration curve was prepared using blank salparlsed with different
concentrations of standard artesunate powder pregdar serial dilution of 10, 20,
30, 40, 50 pg/ml in methanol. Thus 2ml of blankvsaand 1ml of each prepared
concentration of 10ug/ml, 20, 30, 40, 50ug/ml; wéml of n-hexane was
rotardmixed for 30 seconds and centrifuged for Butas at 2000 rpm. Absorbance

was then measured at 300nm.

3.8.0 VALIDATION OF THE CALIBRATION CURVE
Validation of the calibration curve was determinday preparing
concentrations outside those of the curve i.e25535, 45 pg/ml to ascertain their

fitness in the graph.
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3.9.0 IN VIVO STUDY

3.9.1 Ethical Approval

Ethical approval was obtained from Research Etlicahmittee of Ahmadu Bello
University Teaching Hospital, Zaria and before mgkpart in the research, consent

was obtained from all the twelve volunteers.

3.9.2 Study Design (Protocol of the Study)

Twelve (12) healthy young adult male volunteerdhvaverage age of 26+4
years and average weight of 66.25kg+5 took partthe study. Prior to
participation; they were all properly screened amadtified healthy. No drugs
including alcohol and cigarettes were allowed tweels before their participation
in the study. The study was designed with singi dose (200mg) of Artesunate
In two stages cross-over. In stagel Artesunatenfgp@lone was given and saliva
sample was collected at 0, 15, 30, 45mins, 1, 2, B, 6hrs.

After a washout period of two weeks stage Il comoeeh with co-
administration of Artesunate (200mg) and vitamin(200mg) after which saliva
samples were collected again at the same timevaltevritten above. Sample

collected was then stored in the refrigerator 8Gdefore analysis.
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3.10.0 DATA HANDLING AND STATISTICAL ANALYSIS

Absorbance values were converted to concentragocabbration curve and
pharmacokinetic parameters were generated by m@dsitethod, and AUC by
trapezoidal rule and values were compared usindestut-test and p<0.05 was

considered to be statistically significant.
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CHAPTER FOUR
4.0.@BULTS
4.1.0 PRECISION OF ANALYTICAL METHOD.

The precision of analytical method using spectropimeteric assay of
artesunate in saliva was estimated with 40pg/mbéth with-day and between-day
determination. The coefficient of variation (cv)rfavithin-day was 2.24%
and1.75% for between-day. The low values of thdficoent of variation indicated

the efficiency of the analytical method (Table 4.1)

Table 4.1: Precision of analytical method used faspectrophotometric assay
of artesunate in saliva.

PRECISION | CONCENTRATION CV% n
png/ml
Within-day 40.00 2.24 5
Precision of
Artesunate.
Between-day | 40.00 1.75 5
Precision of
Artesunate.
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4.2.0 PERCENTAGE EXTRACTION RECOVERY OF ANALYTICAL
METHOD USED FOR SPECTROPHOTOMETRIC ASSAY OF
ARTESUNATE IN SALIVA
The percentage extraction recovery of the analytreethod was established.

Percentage extraction recovery was found to beirwite range of 92-94% and

this indicates high efficiency in the extractiom@edure employed.

Table 4.2: Percentage Extraction Recovery of Analital Method Used for
Spectrophotometric Assay of Artesate in Saliva.

SAMPLE CONCENTRATIONug/m| CV% £SD N
Artesunate 34.84 94%+1.06 5
34.01 92%+1.06 5
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4.3.0 CALIBRATION CURVE FOR ARTESUNATE IN SALIVA
USING A SPECTROPHOTOMETRIC ASSAY .

A graph of calibration curve was constructed widhues obtained below. a
straight line graph was obtained after a plot ofsaabance(nm) versus
concentration pg/ml. The calibration curve wasdmwith Pearson’s correlation
coefficient, r=0.98.The validation of the curve wassured using concentration

outside those of the curve. This is to ascertagir fitness in the graph.

Table 4.3. Absorbance Reading of Calibration Standa of Artesunate in
Saliva

CONCENTRATIONpug/ml ABSORBANCE nm
10.0 0.647
20.0 0.700
30.0 1.045
40.0 1.400
50.0 1.619
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Fig. 4.1: Calibration Curve for Artesunate in Saliva using a
Spectrophotometric Assay
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Table 4.4 shows the mean salivary concentratioar@sunate when administered
alone (stagel).The data showed that artesunatks lpgaked at 49.65ug/ml at 30
minutes and by 6 hours the level was down to 186#l1 When co- administered

with 200mg of ascorbic acid the resulting mean eatration is depicted in Table

4.5. It can be observed that there were considenaaluctions in mean salivary
concentrations of artesunate. The peak concentraven though occurring at 1
hour was only 13.00ug/ml.

When the levels were compared statistically theecedn was significant at

all the times measured (p <0.05). This is showrahle 4.6
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Table 4.4: Mean Salivary Concentration of Artesunag¢ in 12 Healthy
Volunteers after the oral Administration of 200 mgTablets.

TIME(minutes) MEAN CONCENTRATION1g/mI=SEM
0.00 0.00+0.00
15.0 18.93+0.37
30.0 49.65+0.56
45.0 45.56+0.56
60.0 34.84+0.32
120.0 34.01+0.30
180.0 30.28+0.18
240.0 26.38+0.17
300.0 23.39+0.2
360.0 18.67+0.37
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Table 4.5: Mean Salivary Concentration of Artesuna¢ in 12 Healthy
Volunteers after the Concurrent oral Administration of Artesunate ( 200mg)
and Ascorbic Acid (200mg).

TIME(minutes) MEAN CONCENTRATION1g/mI=SEM
0.00 0.00+0.00
15.0 11.22+0.21
30.0 11.08+0.19
45.0 9.78+0.13
60.0 13.06+0.26
120.0 9.51+0.10
180.0 7.73+0.12
240.0 9.89+0.13
300.0 7.03+0.16
360.0 7.02+0.16
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Table 4.6: Statistical Analysis of Mean Salivary Cocentrations of Artesunate
when Administered alone and when Co-Administered v Ascorbic acid.

CONCENTRATION mgiml

TIME (minute) ARTESUNATE | ARTESUNATE + | P VALUES
ALONE ASCORBIC ACID
0.00 0.00+0.00 0.0040.00 P>0.05
15.00 18.93+0.37 11.22+0.21 P<0.05
30.0 49.65+0.56 11.08+0.19 P<0.05
45.0 45.56+0.56 9.78+0.13 P<0.05
60.0 34.84+0.32 13.06+0.26 P<0.05
120.0 34.01+0.30 9.51+0.10 P<0.05
180.0 30.28+0.18 7.73+0.12 P<0.05
240.0 26.38+0.17 9.89+0.13 P<0.05
300.0 23.34+0.20 7.03+0.16 P<0.05
360.0 18.07+0.37 7.02+0.16 P<0.05
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Table 4.7 shows the pharmacokinetic parametersrtelSunate  when
administered alone (stagel) and when concurredttyirastered with vitamin C.

Pharmacokinetic parameters of artesunate when mun&élered alone
(control) showed the maximum concentration.(Cvalues to be 40.00+2.88/ml
and the time to attain the maximum concentration feand to be 1 hour. The lag
time was 3.00+0.56 (minutes), elimination half lifg,(el) was 4.50+0.25 (h),
absorption half life §,(ab) to be 0.20+0.04 (h). The value for the absomptate
constant (Ka) was 2.77+0.260hand elimination rate constant was 0.15+0.02 (h
1. The total body clearance was 0.10+0.01 (ml/bjume of distribution (V) was
0.69+0.05 (L) and gwas 46.00£3.78ug/ml.

When artesunate was given concurrently with vitam@®, the
pharmacokinetic parameters were given as follovassimum concentration (£
was found to be 13.00+1.60pg/ml and time to atta&ximum concentration 1)
was 1 hour. The lag time ) was 8.00+ 1.60 (minutes) and, Gvas
+16.00+2.4Qg/ml.The total body clearance (Cl) was 0.47+0.07H)rand volume
of distribution (\j) was 2.36+0.46 (L). The value of elimination H# t;,(el) was
3.55+ 0.53(h) and that of absorption half lifg(ab) was 0.20+ 0.11(h). The area
under the curve (AUg&E,) was found to be 69.44+21.36ug/ml .Absorption rate
constant (kab ) values was 2.77+ 0.78(and that of elimination rate constant( ke)

values was 0.20 + 0.02:th
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When compared there was statistically significaghanges in
pharmacokinetic parameters (P <0.05) fafaf tag, Co, AUCo.. Cl. and \4.

However, the changes iR tioan ti2er Were statistically insignificant.
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Table 4.7: Mean Values of Pharmacokinetic Parametsrof Artesunate alone
and Artesunate +VitaminC (Concurrent Adminstration) and P Values

Pharmacokinetic Mean+SEM Mean +SEM P Values
Parameters Artesunate alone Artesunate

+VitaminC

(concurrent

Administration).
Chad{pg/mi 40.00+2.83 13.00+1.60 P<0.05
tmax(N) 1.00+1.69 1.00+1.46 P>0.05
Lag Time(mins) | 3.00+0.56 8.00+1.60 P<0.05
t10adn) 0.20+0.04 0.20+0.11 p>0.05
t12¢(N) 4.50+0.25 3.55+0.53 p>0.05
Ke(h™) 0.15+0.02 0.20+0.02 p>0.05
Kag(h™) 2.77+0.26 2.77+0.78 p>0.05
Co(png/ml) 46.00+3.78 16.00+2.40 p<0.05
Vd(L) 0.69+0.05 2.36+0.46 P<0.05
Cl(ml/h) 0.10+0.01 0.47+0.07 P<0.05
AUC_,(1Lg/ml.h) | 238.00+£20.78 69.44+21.36 P<0.05
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CHAPTER FIVE
.0® DISCUSSION
The pharmacokinetics of artemisinin has beemstigated extensively by (Na
Bangchang, 1994, De Vries, 1997 and Ashton, 20Gthm these studies
artemisinin showed inter-individual variability.tér-individual variability may be
as a result of age, weight, dose, environmentaofac genetic influence and
diseases such as renal failure.

In this study, artesunate co-administration witboslsic acid causes decrease
in the maximum concentration. The decrease canttobuted to decrease in
absorption of artesunate and there are many fattatscan influence the extent
and the rate of absorption of ingested compounds €t_al, 1999). These include
physiochemical factors such as molecular size,phdwity, solubility, pka and
biological factors including gastric and intestitransit time, lumen pH, membrane
permeability and first pass metabolism (Huguchaleil981). The reduction in,
might be as a result of alteration of pH of ¢fastrointestinal tract and increased
first pass metabolism. Artesunate a weakly basig dmust have formed salt with
anions present in the Ascorbic acid a weakly actttieg with the pH of 4.2 and
conversely ionize more of the Artesunate at agitc lons being lipid insoluble do
not diffuse and a pH difference across a membrae cause a differential

distribution of weakly acidic and weakly basic dsu¢n the previous study on the
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use of antimalaria drugs, WHO (2003) found thg tof artemisinin and its
derivatives to be between 1-2hrs. Gilbert (2003him study of pharmacokinetic
parameter of co-artemether when given in comlonatwith quinine found the
plasma level of artemisinin derivatives to be lowtlban when given alone anglt
remains constant even after the combined therapy.

There was an increase in lag time tHe test drug and this increase might
be due to alteration of pH of the gastrointestiradt since both drugs are absorbed
in the intestine.

The area under the concentration time-culvereased for the test and this
indicated that ascorbic acid must have increasedattivity of microsomal drug
metabolizing enzyme (cytochrome p-450) through adygnesis pathway (Food and
Nutrition Board, Institute of medicine, 2000) whichturn enhanced the activity of
the enzyme responsible for the metabolism of an&suthereby increasing rate of
metabolism. In the study of effect of food on thepmacokinetics of artemisinin, it
was found that hepatic metabolism is the main raiftelimination (Dien et al,
1997).

In support of the reasons given above Nialg{1985) suggested that hepatic
metabolism is the route of elimination of artemisinin comparison with other
tissues, artesunate disappearance was more ramd wwbubated with rat liver

slice indicating the liver to be the major sitensétabolism. Also disappearance of
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the structural analogue artesunate was NADPH- dspenwhen incubated with
rat liver microsomes indicating the cytochrome B-éBzyme to be involved in its
metabolism (Leskovac and Theohatrides, 1999).

Wilkinson and Shand, (1975) also found AWChbe governed by intrinsic
hepatic clearance and extensive liver extractioherd was increase in the
clearance and this also affected the AUC. Tieesiase in the clearance resulted
to decrease in the AUC.

The change in volume of distributio Was statistically significant (p<0.05).
The increased values are expected since area thwl@urve was generally low
compared to the control groups. The apparent volafrdistribution is inversely
proportional to the area under the curve.

For the first order rate process the totalyjbdearance is the product of kel and
V4 (Levine, 1970). Thus, the increase in the totalybdearance might be due to a
corresponding increase in the apparent volumesbfildution (\j).

The pharmacokinetic and tolerability of artesurete amodiaquine alone and in
combination in 15 healthy volunteers were caraatiand it was observed that the
mean AUC was lower for dihydroartemisinin (ratio%,795%CI,51-88%) and
desethylamodiaquine (ratio 65%, 95%, Cl| 46-90% =0.9015) when compared
with monotherapy. The total drug exposures to bdtigs were reduced

significantly (Orrell et al, 2008).
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In the study of interaction between artdraelumenfantrine and quinine in
healthy subjects, the plasma level of artemethdrdiimydroartemisinin appeared to
be lower when co-artemether was given in combinatih quinine compared to
co-artemether alone. Theg.tand t, for artemether and dihyroartemisinin was
comparable following both treatments. There waschange in . and t,.

(Gibert, 2003).

Similarly, clinical pharmacokinetics oftemether-lumenfantrin, including
the effect of food or the influence of food intake the bioavailability of co-
artemether was carried out. The result obtainedthatsoral bioavailability (F) of
artemether was increased more than two fold andatheumenfantrin around 16
fold after fat meal compared with fasting. Dihyar@misinin exposure increased
in the same proportion as for artemether. The magparent plasmay4 of
lumenfantrin was doubled from 35.1 (fasted) to MoBirs under fed conditions.
The increase in systemic exposure in the preseficeoandl was statistically

significant for all three compounds (Gilbert, 2003)

In multiple dose studies with artemisinim both healthy subjects and
patients, peak plasma artemisinin concentrationshené’ day were reduced to
20% of those on day one. There was no changg i(Michiel, et al, 1999). It was

suggested that auto —induction of enzymes in trex bor gut were responsible for
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this time-dependent increase in first-pass effédiclgiel, et al, 1999). Time
dependent pharmacokinetics has also been obsemvetludies with artemether.
Interaction with grape fruit juice, a strong inhdyiof CYP-3A4 in gut mucosa cell,
showed more than a two fold increase in artemdiloavailability which suggests
a role of CYP3A4 in the first pass elimination afeanether (Michiel, et al, 1999).

Similarly, in the study of effect of foodh ohe pharmacokinetic parameters of
artemisinin, it was found that there was no sigaifit change in plasma clearance,
bioavailability, maximum concentration, time toadtt maximum concentration,
area under the curve after administration of fdoekig, et al 1997) while a decrease
In maximum concentration during a multidose regime&s found recently without
a difference in elimination rate (Hassan et al,2)99

In an interaction study between artesunate andoagfie there was no
significant impact on the absorption and distribntof mefloquine but artesunate
decreases the bioavailability of mefloquine (Karbwat al, 1994) while in another
study of pharmacokinetic and pharmacodynamic etialusof two artemisinin-
mefloquine combinations in adult falciparium madathe AUG after the first dose
were two fold higher than when combined with metiog. It was concluded that
artemisinin does not induce or influence mefloqumetabolism at clinical doses,
Whereas mefloquine may have inhibited the metatmob$ artemisinin (Svensson

et al, 1998). There was rapid metabolism and logavrilability in rodents and
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human when curcumin was used in combination wifrarteether in the treatment
of malaria (Dalavaikodihalli et al, 2006).

Investigation was carried out to determinetlier co-administration of the
artesunate and artemisinin alters the clearaneglwér drug and it was found that
Artesunate did not alter elimination of artemisinifowever, dihydroartemiusinin
elimination was inhibited by artemisinin (Zhangaét2001).

The Synergistic effect was observed in-vitro wittemisone and mefloquine
and in-vivo reports were similar. The combinatidnragdemisone and chloroquine
with clindamycin had a synergistic effect in-vivparticularly with chloroquine
against the chloroquine resistaRtyoeli and less apparent with clindamycin

(Nagamune et al, 2007).
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CHAPTER SIX

6.0.0 CONCLUSIONS AND RECOMMENDATIONS.
6.1.0 CONCLUSIONS
Co-administration of 200mg of artesunate and 200Mmascorbic acid has led to a
decrease in the maximum salivary concentratiorrtebanate () and area under
curve from zero to infinity (AUg,,) in healthy male volunteers and the decrease
was statistically significant (p<0.05) when comphr® the control. On the
contrary, the Lag time {§), plasma clearance (CI) and volume of distribuifug)
increased significantly (p<0.05) from values ob¢ginn the control group. Other
parameters like elimination half life;4), absorption half life (j,ay, elimination
and absorption rate constant .Kk) respectively recorded insignificant
changes(p>0.05). The time to attain maximum comagah (t ) remained

constant. The results obtained from the studyitédicf into first order kinetics.
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6.2.0 RECOMMENDATIONS

The concurrent administration of Artesenand Ascorbic acid should be
discouraged because the plasma concentration aséwate is low when co-
administered with Ascorbic acid which can lead éduced therapeutic effect. If
prescribed together, it is advisable for Artesunatglets to be taken first and
thereafter Ascorbic acid can be given so as toeaehmaximum therapeutic effect.
We should also discourage taking dietary supplemémiscorbic acid along with
Artesunate tablet.

Despite the efforts made to study the ripla@okinetic interaction of
Artesunate and Ascorbic acid, further research eguired to overcome the
limitations of this work which are lack of sensdiequipments such as HPLC for
analysis and improper compliance of volunteersheogrotocols of the study. It is
therefore recommended that further study on theaygel administration of
Ascorbic acid after Artesunate should be carrietl tousee the effect on the

pharmacokinetic parameters of Artesunate.
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APPENDICES
APPENDIX |

The Ages and Weights of Twelve Volunteers that Irested 200mg of
Artesunate Tablets and 200mg of Ascorbic Acid Tabls

Volunteers Sex Age (yrs) Weight (kg)

1 Male 28 60
2 ‘ 30 70
3 : 26 65
4 “ 27 64
5 ‘ 23 60
6 ! 24 62
7 “ 31 72
8 : 29 69
9 ‘ 32 70
10 “ 24 66
11 “ 23 65
12 “ 25 60
Mean+ SEM 26.83 0.9165.25-1.22
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APPENDIX Il

Concentration values of different volunteers n=12 foBiological samples (Saliva) obtained
from administration of Artesunate alone @g/ml)

Time |VL1 |VL2 |VL3 |VL4 |VLS5 |VL6 |VL7 |VL8 |VL9 |VL10 |VL11 | VL12
(min)

0.00 | 0.00 | O00O| 0.00 0.00 0.00 0.00 0.00 0OJ0O 0000QqO0.00 | 0.00

15.00 | 15.00, 20.40 22.0a6.20|18,20|26.40| 15.57| 23.00| 20.00| 17.20| 18.20| 15.00

30.00 | 36.00 58.00 64.04.00|56.00)45.00|37.10|50.80| 38.00| 54.00| 45.00| 58.00

45.00 | 30.40; 42.00 60.0®6.00|53.00|43.00| 30.50| 42.80| 40.00| 50.00| 37.00| 52.00

60.00 | 28.80, 32.40 29.5®4.00| 51.20| 32.00| 28.00| 32.00| 35.00| 43.00| 32.00| 40.20

120.00| 27.40| 28.80] 28.8054.40| 50.00| 27.00| 27.20| 30.40| 32.00| 38.00| 26.00| 34.20

180.00| 27.00 | 28.00] 25.2058.00| 35.20| 25.00| 24.00| 27.00| 23.00| 36.00| 24.50| 30.50

240.00| 26.40 | 27.20] 20.4052.80| 27.20| 23.00| 20.00| 24.00| 21.00| 30.00| 21.00| 24.00

300.00] 22.00 | 20.50; 18.0045.00| 25.20| 22.00| 19.00| 22.00| 20.00| 25.00| 20.00| 22.00

360.00] 19.20| 17.20, 16.5030.20| 21.00| 18.00| 14.00| 16.00| 19.00| 21.00| 17.00| 15.00
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APPENDIX I

Concentration values of different volunteers n=12foBiological samples (Saliva) obtained
from administration of Artesunate and Ascorbic acid(ng/ml)

Time |VL1 |VL2 |VL3 |VL4 |VL5 |VL6|VL7 |VL8 |VL9 |VL10 |VL11|VL12
(min)

0.00 | 0.00| 0.00f 0.00 0.0@m.00 | 0.00 0.00 | 0.00| 0.00| 0.00] 0.0 0.00

15.00 | 12.80 15.20{ 4.00 | 6.00| 21.20| 8.50| 20.80{4.80 | 7.80 | 11.0013.20|9.30

30.00 | 22.00 14.80|/6.00 | 2.20| 14.60| 7.20| 15.80/6.20 | 2.20 | 21.0011.00| 10.00

45.00 | 11.2010.00|6.80 | 3.20| 18.00| 5.20| 18.00/6.80 | 3.20 | 11.0011.00| 13.00

60.00 | 22.00 15.80| 2.40 | 9.50| 24.00| 4.80| 24.00/ 12.00| 10.40| 22.00| 12.00| 7.50

120.00] 8.40 | 14.80 10.20| 2.20| 25.20| 5.80| 25.20| 10.00, 2.20 | 8.20 | 10.4010.20

180.00] 4.00 | 13.20 2.20 | 2.30, 12.00| 2.40| 12.00{ 8.40 | 2.30 | 4.00| 19.0011.20

240.00{ 5.40 | 11.80 10.00/4.00| 18.20/3.50| 19.20,6.20 | 4.00 | 7.80| 12.409.40

300.00{ 2.20 | 10.00 4.80 | 5.20/9.50 | 4.80,9.50 | 4.80 | 5.20| 5.20] 7.20 5.00

360.00{4.80 | 6.00 | 4.80| 4.0010.40|{2.00|10.40/2.80 | 4.20 | 5.20| 3.20, 4.2C
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APPENDIX IV
Individual Pharmacokinetic Parameters for Artesunate and vitamin C (Concurrent Administration).

parameters VL |VL, |VLs |VL, |VLs |VLe |VL, |VLg |VLe |VLi |VLy |VLis
Craf ng/ml] | 22.00/19.00 | 10.00 10.00| 25.00 | 9.00| 25.00] 12.000.00| 12.00| 19.00 | 13.00
T e () 1.00 | 3.00 | 2.00] 1.28 2.00] 045 200 200 1/00001 3.00 | 0.45
Lag Time 5.00 | 7.50 | 5.00| 15.0015.00 | 15.005.00 | 1.00| 7.50] 1.00] 1.00| 3.0p
[n/mbszh) 1.36 | 023 | 043 065 0.34] 027 019 0.38 0/16180 0.34 | 0.30
tyzer () 20 | 888 | 3.98 3.64 425 244 533 206 424393.3.85 | 2.26
Ke[h] 051 | 2.99 | 1.61| 10.82.04 | 259]| 3.67 | 1.84 1.13 380 206 237
Ke[h 7] 0.34 | 0.08 | 0.17| 0.19] 061 028 013 024 0[16 02018 | 0.31
Co[ pg/mli] 20.00| 25.00 | 13.00 12.00| 35.00 | 10.5( 32.00 | 17.00 10.50| 32.00| 25.00 | 23.00
Vd (L) 3.25 | 0.71 2.90| 451 1.27 598 1.11 3.34 4,058 | 1.35 3.17
Cl (ml/h) 1.09 | 0.10 | 050 0.9d 0.21] 1.69 015 0.78660 052 | 0.24 | 0.97
A[UC/O_ ] 61.44| 280.75| 62.75| 44.08| 157.28| 33.44| 179.75| 59.85| 49.93| 77.6 | 148.23 63.03
oLng/ml.
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APPENDIX V

Individual Pharmacokinetic Parameters of Artesunate

Alone
Pharmaco- VL4 VL» VL3 VL4 VLs VLg VL, VLg VLg VL1
kinetic
Parameters
(Crnax 36.00 58.00 64.00 66.00 56.00 45.00 37.00 52/00 0M4Q.54.0c
[ ng/ml]
T.max (h) 0.30 0.30 0.30 0.45 0.30 0.30 0.3d 0.30 0.45 .30 ¢C
Lag Time 3.00 5.00 3.0 3.00 7.50 3.00 1.00 3.0C 7.50 3
(mins)
t12a0(h) 0.38 0.38 0.43 0.26 0.26 0.25 0.25 0.33 0.10 .28 ¢C
ty e (h) 4.38 3.88 2.00 3.50 3.25 3.00 3.75 3.50 5.38 .85 ¢
Kab (h'l) 2.10 2.38 1.60 2.69 2.84 2.77 2.77 415 2.9p C
Ke (h‘l) 0.19 0.24 0.35 0.20 0.17 0.23 0.18 0.2( 0.18 C
Co [ug/ml] 48.00 72.00 76.00 80.00 78.00 56.00 42.00 0®8) 46.00 | 64.0
vd (L) 0.80 0.80 0.98 0.44 0.59 0.86 0.98 0.85 0.660.64
CI (ml/h) 0.15 0.20 0.34 0.08 0.10 0.20 0.18 0.17 .830 | 0.15
AUC,. 248.63 244.33 205.03 450.5] 338.39 232.42 208.53%.2P3 301.87| 313.2
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ABSTRACT

Twelve healthy young adult male volunteers withrage age of 26+ 4 years and
average weight of 66.25 + 5kg took part in thigdgturhe study was designed with
oral dose in two stages. In stage one; artesugtin{g) was given alone and after
a wash out period of two weeks stage two commema#d co-administration of
artesunate (200mg) and ascorbic acid (200mg). &aample were collected for
analysis at 0, 15, 30, 45mins, 1, 2, 3, 4, 5, Ghrdoth stages. A reliable
spectrophotometer was used for saliva concentratd@termination. The
pharmacokinetic parameters were generated fromasedincentration of artesunate
using suitable formulae. The maximum concentradiod area under curve from O -
o decreased significantly (p< 0.05) when comparetthe¢ocontrol. The lag time and
plasma clearance increased significantly (p< Ofé&n values obtained from the
control group. There were insignificant increaseslimination half life, absorption
half life, elimination and absorption rate conssanmolume of distribution and time
to attain maximum concentration. In conclusionyés observed that ascorbic acid
co-administration with artesunate altered the plaaokinetic parameters of

artesunate. The result implies that ascorbic asihiced the amount of artesunate
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available to the body tissues for utilization swdncurrent administration should

therefore be discouraged.

TABLE OF CONTENT

TITLE PAGE..... e i
DECLARATION. . e e e e e e e e e e e e e e ii
CERTIFICATION. ..o e e e v
DEDICATION . .. e e e e e e e e e e e e e e %
ACKNOWLEDGEMENT ... Vi
ABST RACT . Vii
TABLE OF CONTENTS . ... e viii
LIST OF TABLES . ... e Xiv
LIST OF FIGURES. .. .. o e e e e XV
ABBREVIATIONS . ... e XVi
LIST OF APPENDICES ... o e e XVii

CHAPTER ONE
1.0.0  INtrodUCHION ....uiee i e e e e e e e e e e e e e e e e e 1
1.1.0 Basic Concepts of PharmacokinetiCs.. ..........cccoviiiiiiiin i commmmmeeeneeenn L

1.1.1 The Dynamics of PharmacoKinetiCs...........ccoviiiiiiiiiiiiiiiiiiiie e, 1

viii



1.2.1 Pharmacokinetics Compartment Models ...,

1.2.2 One Compartment Model............coo oo e e 4
1.2.3 Two Compartment Model ..o e e 5
1.2.4 Three Compartment Model ..., 7
1.3.0 PharmacokinetiC parameters........c.ccoviie it i e e, 8
1.3.1 Absorption Half life..... ... e 8
1.3.2 Absorption Rate Constant.............ccooviiii e i e e e 9
1.3.3 Apparent Volume of Distribution................ooooiiiiiiiiiiiiii . 10
1.3.4 Area Under Curve (AUC) ... e 11
1.3.5 Bioavailability .........ccooiriiiii e 11
1.3.6 Concentration at Zero TIME ......ooiiiiii it i e 13
1.3.7 Elimination Half-Life ... 14
1.3.8 Elimination Rate Constant.............oooieiiiiiiiiii i i 15
1.3.9 Lag TimMe et e e e e 16
1.3.10Maximum drug concentration .............covoiiiiiiiiiii i, 17
1.3.11Systemic or plasma clearanCe ..........ccoooiiiiiiiiiii i 17
1.3.12Time to attain maximum concentration ...............ccceeevvvennnnnn. 18
1.4.0 Variability in Parameter Values ...........c.cooiiiiiiiiiiiiiiie, 18
141 Ageand Weight .......ccooiiiiiii i e e 19
142 DISEASE ....vii it e e e e e e 19



1.4.3 Drug interaction .........o.vieiiii i e e 20

1.4.4 Dose and Time dependencCe ..........ccooviieiiiiiie i ceieiieiie e 20
1.4.5 PregnanCy .....ovi i i e e e e e e e e 21
1.4.6 Environmental FaCtors .........ooviiiiiiiii i 21
1.4.7 Genetic INfIUENCE ......oiii i e 22
1.5.0 Drug interaction .........ooiuiiii i e 23
1.5.1 Pharmacokinetics drug interaction ..............ccociiiiiii e e e annns 24
1.5.2 Drug absorption interaction ..............c.ooeiiiieiiiiieieiie e s 25
1.5.3 Drug distribution interaction ..o e, 26
1.5.4 Drug metabolism interaction ..............ccooii i e, 27
1.5.5 Enzyme inhibition ... 28
1.5.6 ENzyme iNdUCHION ... e e 29
1.5.7 Drug excretion interaction .............coooeiiiiiiiiii i 30
1.6.0 Saliva as Bio-analytical Sample...............cocovi i, 30
1.7.0 AIms of the Study ... 32
1.8.0 Research QUESHIONS .......c.viiii i e e e e e e 32
CHAPTER TWO

2.0.0 Literature REVIEW .........uiuiieiie e e e e e e 33
2.1.1 Artesunate (artemisinin) .........ccoeoii i 33



2.1.2 History and Chemistry .........cooiiiiiiiiii e 33

2.1.0 Mechanism of ACHION .........ooiiiiiiii e, 37
2.3.0 TOXICILY oottt i e e et e e e e e e e e 38
2.4.0 PharmacoKINELICS .......oeuieiieiie ittt e e e e e 39
2.5.0 Empirical Literature ReVIEW ..........ccooiii it 40
2.6.0 Ascorbic Acid (Vitamin C) ......oooiiiiiiii e 43
2.7.0 Chemistry of Ascorbic Acid (Vitamin C)...............cooviviiiinnn .. a4
2.8.0 Absorption, Rate and EXCretion ..........ccoooiiiiiiiiiiiiiiiiiiiee, 45
2.9.0 Human Requirement ........ccco it e e, 47
2.10.0 Drug INteracCtion ...........oiiiies et e e e e e 47
CHAPTER THREE
3.0.0 Material and Methods ..o 51
B L0 DTUQGS ot e e 51
.11 AMTESUNALE ...t et e e e et e e e e e s 51
3.1.2 Vitamins C (ASCOIDIC aCid) .......ovviiiiiiiiiiiee e 51
3.2.0 EQUIPMENT ... 52
3.3.0 REAGENLS ...t e e 52
3.4.0 Development of Analytical Method ..., 53
3.4.1 Selection of Analytical Wavelength..............ccoooiiiiiii, 35

Xi



3.5.0 Precision and Percentage extraction recovery odtiadytical methods.53

3.6.0 Extraction Method ... 53
3.7.0 Calibration CUIVE ...t e e, 54
3.8.0 Validation of the calibration curve ..............ccoiiiiiiiininn. 54
3.9.0 INVIVO STUAY ..ovinii i e e e 55
3.10.0 Ethical APProval ... 55
3.11.0 Study Design (Protocol of the study) ........ccooveiiiiiiiiiiinn e 55

3.12.0 Data handling and Statistical Analysis ...................... e, 56

CHAPTER FOUR
4.1.0 RESUIS. ..t e e e e 57
4.1.0 Precision of Analytical Method................c.coo i 57
4.2.0 Percentage Extraction Recovery of AnedytMethod used for
Spectrophotometric assay of artesunate in saliVa......................... 58

4.3.0 Calibration curve for artesunate in saliva usirgpactrophotometric

CHAPTER FIVE

5.0.0 Discussion of FINAINGS.......coiiii i, 71

Xii



CHAPTER SIX

6.0.0 Conclusions and Recommendations ............c.coovviiiiiiiiiininecnnnn. 77
6.1.0 CONCIUSIONS. .. ..ttt e e e e 77
6.2.0 ReCOMMENAAtiONS. ...t e 78
REFEIENCES ... e 79
APPENAICES. .. ettt e e e e e e e e e e e 87

Xiii



LIST OF TABLES
Table 4.1 Precision of Analytical Method ..................coiiiimeeen . 57
Table 4.2 Percentage extraction recovery of thénatetised for
spectrophotometric assay of artesunatalives..................... 58

Table 4.3 Absorbance Reading of Calibration stashddartesunate in
SaliVa... ..o 59

Table 4.4  Mean salivary concentration of amege in 12 healthy
volunteers after the oral administration of 200mg
Tablets...................... 62

Table 4.5  Mean salivary concentration of amege in 12 healthy volunteers
after the concurrent oral administration of artegar{200mg) and
ascorbic acid (200mg) Tablets........ccoiiiiiiii 63

Table 4.6  Statistical analysis of mean sajiv@mcentration of artesunate
when administered alone and when co-administerdgd w
ascorbic acid... 64

Table 4.7 Mean values of pharmamacokineticrpatars of artesunate

alone and Artesunate plus ascorbic acid (concuagministration)
p- values... 70

Xiv



Figure 1.1

Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 2.1
Figure 2.2

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

LIST OF FIGURES

Processes involved in the distribudnod elimination of drug in the
DOY ... 2
One compartment model kinetics...............cciieeveeeceeeeeeeeen. 4
Two compartment model Kinetics.............cccooeveeiiiiinn . 6
Plasma log-concentration time cuordwo compartments model... 6
Three compartment model......................onl . .8
Structural formula of artesunate..........cccecev i, 37
Structural formula of Ascorbic acid...uweevovvevviiiiiiiiniin. 44

Calibration curve of artesunate iivaalising spectrophotometric

Semi-log mean salivary concentratiersus time graph following oral
administration of artesunat@®g) to 12 healthy volunteers....... 65
Semi-log mean salivary concentragiensus time graph of artesunate
alone (200mg) + ascorbic add@®g) to in 12 healthy volunteers...66
Mean Salivary concentration versme tgraph following oral

administration of artesunate(200mg) alone and cwoect

XV



administration of artesunate(20 Omg)+ ascorbic &0@dmg) to 12

healthy volunteers..........coooiiii e

ABBREVIATIONS
Abbreviations Meaning
B.P British Pharmacopoeia
°C Degree Centigrade (Celsius)
g Gram
ug Microgram
mg Milligram
ml Millilitre
min Minute
hr Hour
HCI Hydrochloric acid
NaoH Sodium hydroxide
u.v Ultraviolet
nm Nanometer
kg Kilogram
L Litre
% Percentage

XVi



rpm Rotation per minute

LIST OF APPENDICES

Appendix i: The ages and weights of twelve volunteers thatsitege200mg of
artesunate and 200mg of ascorbic acid tablets................... 87
Appendix ii: Concentration values of twelve different voluntesaliva obtained
after administration of 20artesunate tablets alone.............. 88
Appendix iii: Concentration values of twelve different voluntsesaliva obtained
after administration of 200argesunate and ascorbic acid tablets..89
Appendix iv: Individual pharmacokinetic parameters after adnmai®n of
200mg artesunate tablets alone ... 90
Appendix v: Individual pharmacokinetic parameters after adnraisn of

200mg artesunate tablets and 200mg ascorbic dietda............ 91

XVil



XVili



