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CHAPTER 1

Review of Literature



SECTION 1

Pharmacokinetics in

Drug Development and Discovery



LLI.I  Pharmacokinetics and its Importance

It has been estimated that the current average cost to research and develop a
new drug entity is as high as $ 670 million. Of equal importance is the fact that this
discovery and development process on an average requires 12 years for completion
[1]. One of the major factors contributing to this exorbitantly high cost and time
requirements are mainly due to the fact that many drug candidates fail at multiple
points along with their discovery and development track. Some might even make in
to the market, only to be withdrawn following an initial launch. Often the withdrawals
arc for safety reasons, such as unforeseen occurrences of adverse reactions or cross-
reactions that were only likely to become apparent with large-scale use or abuse, of
the compound in populations of different cthnic groups [2]. Most of the withdrawals
are due to improper pharmacokinetic (PK) characteristic of the drug candidate.
Therefore, in drug discovery and development, it is of particular interest to estimate
the PK behavior of drug candidates as carly as possible, to select the most promising
compounds for further development [3]. Pharmacokinetics is the study of the time
course of absorption, distribution, metabolism and elimination (ADME) of the drugs
in  biological system and helps to understand  the relationship  between
pharmacological and toxicological effects and concentration of a drug and its
metabolites in the body fluid. Pharmacokinetics and toxicology traditionally had a
major role during discovery. When studies revealed that poor PK properties caused
development attrition, organization implemented vigorous testing during candidate
selection to ensure that compound with poor PK properties did not advance.

The systematic application of pharmacokinetics can, therefore, considerably
reduce the cost and time involved in new drug development, Today PK and
metabolism are among the most highly interactive disciplines in the pharmaceutical
research and development and intimately Involve in the design of new chemical
entities.  The phases of PK are briefly divided in pre-clinical and clinical
pharmacokinetics. The pre/non clinical pharmacokinetics done in suitable animals
models provides information whether the drug is poorly absorbed to yield sub
therapeutic levels or experience presystemic biotransformation, providing the
guidance in terms of structure/formulation modification of new chemical entities
resulting in the selection of best compound. It also provides the basis for the design
of clinical trials. Clinical pharmacokinetics initiated during phase I and IT helps in the

optimization of therapy in terms of activity/toxicity. It is during the phase I clinical



trials that the first use of a novel drug candidate takes place in humans, once the
proposed trial is dcemed to be safe and independent local ethical approval has been
secured. Phase I trials usually involve healthy volunteers, and focus on developing a
safety profile for a candidate drug, as well as gaining ADME and pharmacology data.
The starting dose is normally 1-10% of the no observed effect level (NOEL) seen in
the most sensitive animal species, or a dose below that is expected to be
pharmacologically active. If the results of phase I studies are satisfactory, the drug
moves into phase II trials using 100-300 patients. Regulatory agencies set out the
minimum animal data normally expected before phase I studies commence, but are
usually flexible where there is a sound scientific justification. As the drug proceeds
into phases II and III, long term studies of toxicity and follow up and/or additional
safety pharmacology in animals also continue. The typical development process for a

new drug is illustrated in Figure 1.1.1 [4].

Pre-Clinical »  Clinical testing on >
Testing Humans

Dose-Response  Population PK/PD
trials characteristics in

PK guided dose LT large efficacy trials bt
J escalation Efficacy > < marketing
PK/PD in special surveillance
In vitro PK/PD Dosage populations
In vivo PK/PD Selection
j Safety
Assessment

Pre-Clinical > | Phasel Phase 11 > | Phase II1 > | Phase IV >

Figure 1.1.1. Stages of new drug development

In nutshell, the events following drug administration can be divided into two
phases: a pharmacokinetic phase, in which the adjustable elements of dose, dosage
form, frequency and route of administration are related to drug level-time

relationships, and a pharmacodynamic phase, in which the concentration of drug at



the site of action is related to the magnitude of the effects produced [4]. Magnitude of
both the desired actions and toxicity are functions of the drug concentrations at the
site(s) of action. Highlighting the importance of pharmacokinetics in drug
development and therapy, it has been reported earlier that ‘what the body does to the
drug is equally important as what the drug does to the body’ [5]. Awareness of the
benefits of understanding pharmacokinetics and concentration-response relationships
has led to the extensive application of such information by the pharmaceutical
industry to drug design, selection and development. The knowledge of PK is
important at every stage of drug development

The ultimate goal of pharmacokinetics is to give patients maximal benefit of
the drug by close and accurate measurement of the drug and/or its metabolite in
different biological matrices thus offering better drug management and patient care.

The use of pharmacokinetics for better patient care includes:

- Individualization of patient dose and dosing regimen

~  Assessment of the bioavailability and bioequivalence of the drug by the proposed
routes.

”  Aid in determining the mechanisms of drug-drug interactions and their avoidance.

~  Prediction of pharmacokinetics in man, from results obtained in animals.

~ Identification of optimum methods to accelerate drug elimination from the body in
cases of toxicity and/or over dosage.

“ Identification of active metabolites of drugs and quantification of their role in

producing the overall response following drug administration.

1.1.2  Various Strategies in Pharmacokinetics

The new drug discovery and development process involves a series of
developmental and evaluative steps to be carried out before getting approval from
regulatory authorities for marketing. The process of drug discovery can be divided
into a number of distinct phases: ‘hit generation’, ‘lead generation’ and ‘lead
optimization’,

The goal of the ‘hit generation’ step is to screen large compound libraries to
find molecules with a specific biological response, while at the lead generation step,
medicinal chemists use a variety of empirical and semi-empirical structure-activity

relationships to modify the chemical structure of a compound to improve the in vitro



activity of the hits [6]. However, good in vitro activity cannot be considered as the
sole descriptor for desirable in vivo activity unless a drug has acceptable
bioavailability and duration of action. The lead optimization phase typically includes
iterative ADME screening paradigms to improve upon the degree of potency, which
has already been achieved. These processes are highly subjective and vary depending
on the characteristic features shown by the candidate molecule.

Pharmacokinetics at pre-clinical level is basically of two types: in vitro and in
vivo. Studies of drug databases showed that successful drug candidates tend to have
‘drug like properties’. Druglikeness, when viewed at the in vivo level, is thought of in
term of PK and safety. These complex in vivo properties result from an interaction of
physiochemical and structural properties, such as solubility, permeability and
stability, which are studied in vitro. These properties are, in turn, dictated by
fundamental molecular properties, such as molecular weight, hydrogen bonding and
polarity, which are studied in silico. As a result of the importance of properties, a new
strategy emerged: testing the ‘drug-like’ properties of compounds during early
discovery using high-throughput property methods in silico, in vitro and in vivo (often
termed ‘pharmaceutical profiling). By studying the properties of drug candidates,
especially PK related properties along with pharmacodynamic efficacy, during

discovery, increased efficiency and success should result.

1.1.2.1 In vivo Strategies

In vivo PK is about administering the candidate to the intact animal and then
determination of its various parameters using different approaches. In Vivo exposure
of PK involve the collection of plasma or tissue sample at a certain time point after
dosing, followed by measurement of compound concentration. Simple, rapid
throughput sample preparation method such as acetonitrile precipitation, liquid liquid
extraction or solid phase extraction are used in conjunction with analytical techniques
such as HPLC-UV, LC-MS or LC-MS-MS. There is no universal model for the
principles of optimizing leads for ADME. Main aim is to have an ora] delivery of a
drug with sufficient ensuing longevity in the body to produce appropriate efficacy.
Implied within this is the need for compounds to be absorbed across the intestinal
mucosa, to survive potential 'first pass' metabolism when they encounter the liver via
the portal supply, then to continue to avoid systemic clearance, whether metabolic or

renal, until useful efficacy has been achieved. An in vivo pharmacokinetic profile is

4



the synthesis of all of these processes, and much of the past optimization processes
have depended upon in vivo kinetic studies to select molecules. These studies though
very important, however are time-consuming, low-throughput because of the need for
analytical method development, and costly in both compound requirement and
operator time. Recent developments in improving the user-friendliness and data
analysis software of mass spectrometry have shown great potential in maximizing the
throughput of these in vivo studies via the introduction of so called ‘cassette', or 'n-in-I'
dosing protocols [7-9]. These new methods have delivered significant productivity
gains over old methods. Thus, multiple compounds, typically five or ten at a time,
can be combined in a single dose and administered to single animal. Plasma or serum
samples containing the mixtures of components are then separated and analysed
rapidly on mass spectrometers. Although, these methods have delivered significant
productivity gains over the traditional low-throughput kinetic studies, they are not
without complication. In particular, the risk of interaction between the members of a
cassette is quite significant if high doses, which could saturate the metabolizing
enzymes are used. This is likely to be a major problem with oral administration,
when concentrations of drug reaching the liver through the portal system are at their
highest. Greater success is likely after intravenous dosing, as concentrations reaching
the liver will be much lower because of the distribution of the drug. Another
complicating factor is the effect of any potent inhibitor of the metabolizing enzyme
being included in the cassette. This could potentially block the metabolism of other
members, resulting in erroneous kinetic profiles. If used Judiciously as an initial
screen, however, cassette dosing is a major adjunct to compound screening.

Thus, exposure study with selected compounds provide an overview of series
PK performance. If PK is poor, root cause can be diagnosed, so that the structural
modification can be made to improve PK. Less expensive in vitro can then be used to
monitor future compounds in the series [10]). These studies contribute to animal
model validation, dosing level selection and the need for formulation can be
determined. Exposure in surrogate species is verified before dosing expensive or time
consuming animal model. PK samples from animal activity studies are used to

correlate plasma concentration with pharmacology.



1.1.2.2 In vitro Strategies

In vitro studies, by their nature, also offer a major problem in developing
information that will aid drug design. It is often difficult to dissect out data that relates
to specific kinetic factors. Thus, for example, it is not easy to derive direct
relationships between the structures of molecules and the extent of absorption across
the gastro-intestinal tract or blood brain barrier in vivo, because a number of
complicating factors such as clearance, or protein binding, also contribute to the
kinetic profile observed. Thus, in vitro cannot always be directly correlated to in vivo
situation. However, they do provide useful information about the drug candidates in

terms of its metabolic stability and absorption properties.

1.1.2.2.1 Absorption

Compound activity at intracellular targets or good absorption after oral dosing
requires lipid membrane permeation. Permeability in vivo is a complex phenomenon,
involving several possible mechanisms: passive diffusion, paracellular, active
transport and efflux. Artursson [11] and Mandagere [12] have estimated that the
predominant mechanism of gastrointestinal absorption for most commercial drugs is
passive diffusion. Therefore, compound selection and optimization for passive
diffusion is an effective approach.

Most models of absorption study involve the use of cultured, immortalised cells,
which are generally intestinal in nature for obvious reasons [13-16]; however, it has
been demonstrated that there is a little difference in compound ranking and correlation
with absorption in vivo between a human intestinal cell line, Caco-2, and a dog kidney
cell line, the Madin-Derby Canine kidney cell line (MDCK), with respect to passive
diffusion of relatively lipophilic molecules. This data is important in the context of
high-throughput. Caco-2 cells suffer the major disadvantage that they take about
three weeks to grow to confluence before they can be used. Thig compares with about
3 days for the MDCK line, which, as a consequence imparts more flexibility in
screening strategy, although recent developments in preparation of Caco-2 cells have
reduced this differential. Whichever cell line is used, the constraints in the currently
accepted methodology surrounding preparation and use of these cells prevent them for
being classed as truly high-throughput screens for absorption, although some
throughput gains have been made. The predominant factor that regulates the passage

of drugs across the gastro-intestinal mucosa, and indeed any other cell barrier, is their



ability to passage through the lipid ccll membranes. One way of solving the low-
throughput inherent in isolated cell methods, is to build synthetic lipid model
surrogates of mucosal membranes and several examples have been tested against data
obtained from cell lines [17, 18]. The ideal output from all of these models is a set of
data that can be converted into a mathematical model that predicts permeation based

on the physicochemical propertics of an actual, or a planned series of compounds.

1.1.2.2.2 Metabolism

Many discovery compounds exhibit low bioavailability because of high rates
of metabolism. Drug metabolism by its nature is a multifactorial process and there
are usually multiple pathways involved. These are ‘phase I' cytochrome P450
oxidation (e.g. hydroxylation, dealkylation) of ‘phase II’ conjugation (e.g.
glucuronidation).  Metabolism reduces the circulating drug concentration and
increases é]imination. Plasma and cells also contain enzymes that convert drugs (e.g.
esterase). Metabolic stability assays are conducted with liver microsomes [19], S9
fraction [12, 20], hepatocytes and plasma [21]. Microsomes contain the cytochrome
P450 oxidizing enzymes and some phase II conjugating enzymes (e.g. UDP-
glucuronosy! transfeases). The S9 fraction is a cruder preparation than microsomes
and contains the microsomal enzymes, as well as additional metabolizing enzymes.
Hepatocytes contain all the liver metabolizing enzymes that are found in vivo.
Microsomes are easiest and cheapest to use, but increased detail can be obtained with
the S9 fraction and hepatocytes. Plasma contains other types of enzymes found in
blood, such as esterases and amidases, Stability incubations are automated using
laboratory robots. The metabolic stability assay requires high sensitivity (<1pM) and
selectivity (from incubation matrix interferences) that can only be achieved using LC-
MS-MS. Metabolic stability results are greatly affected by solvent concentration,
sample concentration and microsomal preparation. The data can be misleading with
improper methodology. It is important to remember that metabolism rate and
mechanisms vary among animal species. Thus, rodent metabolism studies are most
useful in early discovery to assist interpretation of rodent pharmacology studies,
provide alerts of liabilities and assist structural modification. Human metabolism
studies become more important as the project moves toward development and require

increased safety precautions.



1.1.3 Key Pharmacokinetic Parameters: Theory and Rationale

1.1.3.1 Bioavailability

The bioavailability of a drug is defined as the fraction of the ingested or
administered dose that is available to the systemic circulation. Thus, both absorption
and elimination process rules the bioavailability of a given drug. The significance of
oral routc of delivery or oral bioavailability of a drug goes beyond the simple issue of
preference or convenience in most cases, a new therapeutic entity cannot become a
profitable product if it is not given orally [22].

As a general rule, oral bioavailability can be estimated as:

F=F,xFyxFy xF,

Where F refers to systemic oral bioavailability, F, is the fraction absorbed
across intestinal wall and F; x Fy x F, is the product of the fractions escaping
clearance by the GIT, liver and lung. The product of the fraction available after gut
and liver extraction (Fy x F),) after oral administration primarily determines the oral

clearance of a drug, though the contribution of lung clearance need to be evaluated.

1.1.3.2 Clearance

The best estimate for drug elimination can be obtained by determining total
clearance (Cl) of the drug. Organ clearance is defined as the volume of blood that
must be cleared of a drug in unit time in order to account for the rate of drug
elimination. Thus, clearance is the ratio of elimination rate of the drug to the drug
concentration in the blood entering the organ. The total clearance is calculated as the
sum of all individual organ clearances of the drug,

Assuming liver and/or kidneys as major organs involved in drug elimination
prediction of hepatic and renal clearances are considered most important in predicting

PK characteristics of new chemical entities (NCEs).

1.1.3.3 Volume of distribution

The volume of distribution (V) is a measure of the extent of drug distribution
and is determined by the binding of the drug in plasma as well as tissues. Because it
is assumed that only the unbound drug can diffuse across membranes, it is implicit
that the distribution to tissues is affected by plasma protein binding. It is also

important to understand that because of significant tissue binding for most drugs, the



apparent volume of distribution far exceeds the total body water. As such, the volume
of distribution is a proportionality constant relating the drug concentration in blood or
plasma to the amount of drug in the body.

Vi = Vp + Ve x (f/f)
Where Vg is the volume of distribution, Vy is the blood volume, V. is the extra
vascular tissue space volume, f; is the unbound fraction in blood and f; is the unbound

fraction in tissues.

1.1.3.4 Elimination half life
The half-life (t,,2) of a drug is related to its apparent V4 and Cl as per the

following equation:
t1, =0.693 x (Vy /Cl)

Thus, the half-life of any drug is a function of blood and tissue binding of the drug as
well as its total clearance and is a derived parameter from Cl and Vy. For drugs with
high clearance, the half-life is relatively independent of changes in intrinsic clearance,
whereas for drugs with low clearance, increase in intrinsic clearance result n

decreased half-life.

1.1.4 New Trends in ADME

Testing the safety and efficacy of a successful human medicine involves many
laboratory animals, which can some times be subjected to considerable suffering and
distress. Ethical and legislative imperatives relating to animal experimentation need
to be considered in the development of pharmaceuticals. On these lines, the
regulatory authorities of UK and European countries have taken pioneering steps to
enact the concept of 3 Rs, refinement, reduction and replacement, of animal
procedures wherever possible, and this legislation applies fully to the development
and assessment of novel medicines.

Over the last decade, there has been considerable progress with applying in
vitro and in silico methods to both drug efficacy and safety studies. These include the
increased emphasis placed on predictive descriptors of ADME properties and novel
approaches like early micro-dose drug studies in human volunteers.

Since early drug discovery efforts are to evaluate whether the NCE has the

ability to be absorbed and become bioavailable, emphasis on predicting oral



bioavailability rapidly and early is critical. As reliable estimation of oral
bioavailability requires in vivo experimentation, surrogate parameters for oral
bioavailability are estimated from a battery of in silico, in vitro or in situ experiments.
Retrospective studies of marketed drugs have shown that physiochemical properties
including partition coefficient, molecular weight, aqueous solubility and
conformational flexibility influence the oral bioavailability of drugs [23], though oral
bioavailability is influenced by several other factors including intestinal and liver
metabolism, biliary and other efflux pump mediated excretion and conditions in the
gastrointestinal tract (GIT) [24, 25]. Attempts to correlate physiochemical properties
and physiological factors in drug absorption has recently resulted in the proposition of
Biopharmaceutics Classification System (BCS) for drugs that successfully correlates
in vitro dissolution and in vivo bioavailability [26].

The most widely used methods for estimating intestinal permeability of
molecules to predict in vivo drug absorption are rat in situ single pass intestinal
perfusion, rat everted sac experiments, and in vitro human colon adenocarcinoma cell
lines (Caco-2) [27-31]. However, the recent trend is towards the use of immobilized
artificial membrane (IAM) based techniques including IAM powered HPLC columns
and parallel artificial membrane permeation assay (PAMPA) [32, 33]). The IAM
chromatography offers the advantages of experimental simplicity and good
correlations between IAM k’ values and Caco-2 permeability. These techniques are
compatible with HTS methodologies, wherein a large number of drug candidates or
NCEs are evaluated in short span of time. A caveat of the IAM and PAMPA
approaches is to remember that they will under estimate the absorption of compounds
subject to active or para cellular transport in vivo and over estimate the absorption of
compounds subject to efflux pump transport [34].

The prediction of human renal clearance has been quite successful using
interspecies allometric scaling approaches [35-37]; however, despite numerous
attempts, prediction of hepatic clearance by interspecies scaling approaches has been
less successful [38]. Recent advances have made available several models for the
prediction of hepatic clearance using liver microsomes, isolated hepatocytes, liver S9
fractions, recombinant CYP iso-enzymes, liver slices and in situ gastrointestinal/liver
single pass perfusion preparations. All these approaches are reasonably predictive of
hepatic clearance when liver metabolism is the predominant contributor to total

clearance.
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Prediction of distribution parameter and half-life, which plays an important
role in dosing frequency are normally carried out by allometric scaling approaches
[39], though rescarch have attempted alternate approaches with limited success.

Thus, the use of in vitro approaches for predicting ADME characteristics of
NCEs have cnabled rapid evaluation of their pharmacokinetics allowing more

bioavailable compounds to move in to development from discovery stage.

1.1.5  Role of Mass Spectrometry in Pharmacokinetics

LC-MS-MS has been found to be most suitable analytical technique for PK
studies due to its high selectivity, specificity and sensitivity. Mass spectrometry has
played a very important role in the structural characterization and quantification of
drug metabolites [40]. Development of the atmosphere pressure ion sources, such as
electrospray and atmospheric pressure chemical ionization has added liquid
chromatography-mass spectrometry (LC-MS) to the list of present day’s bioanalytical
techniques, which have become indispensable for rapid and sensitive determination of
pharmaceuticals in biological fluids. LC-MS-MS analysis offers high specificity and
speed, good precision and accuracy, a wide dynamic range, high sensitivity and
applicability to almost every type of compound. The high specificity of MS-MS
eliminates most of the problems relating to the presence of endogenous components.

Thus, LC-MS-MS helps in generating PK profile of almost all type of
compounds very rapidly and with its use one can achieve answers to the following:

* Selection of compounds with favorable PK credentials.

* Provide directions for the synthesis of metabolically stable analogues.

* Provide the understanding of the physical and biological effects of the parent
drug.

* Provide the elimination pathways of the drug,

* Provide the information for the formation of reactijve intermediates.

* Provide the information on the formation of actjve metabolites.

In the drug discovery program, success rate increasingly relies on the ability to
rapidly identify quality molecules that possess the desired attributes of bioavailability,
chemical tractability, selectivity and potency. Today, the key tools for rapidly
generating potent and selective compounds are combinatorial chemistry and

functional genomics. Turning a chemical lead into a marketable drug requires a
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balance of potency, safety and pharmacokinetics. Pre-clinical drug development
teams are struggling to deal with this increased rate owing to the slow throughput of
the pharmacokineticists and drug metabolism experts. Method development focuses
on discovering a way to make the analyte, and perhaps a key metabolite or two, clute
from the column in the ‘empty regions’ of the chromatograms. Many hours are being
spent in testing sample clean-up methods, and exploring the effects of slight changes
in pH, gradient composition, and packaging material on the retention times of the
analytes and the interfering peaks. Thus, there is a need to increase the throughput of
the in vivo pharmacokinetic optimization studies, to aid in selection and to add value
to the development candidates.

LC-MS-MS is such a technology that can provide a high throughput of bioanalysis

ultimately in increasing the throughput of generation of PK data.
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SECTION 2

Malaria: A Review



1.2.1 Introduction

Malaria is the world’s most important parasitic infection, ranking among the
major health and developmental challenges for the poor countries of the world. It is
one of the major infectious diseases in the world today despite years of efforts first to
eradicate it and subsequently to reduce its impact on mortality and morbidity. The
precise determination of malaria-related mortality is difficult because the symptoms
of the disease are non-specific and most of the deaths occur at home [41].
Plasmodium  falciparum, the most virulent of the four Plasmodium species, is
potentially life threatening, increasing in prevalence and becoming even more
resistant to in use drugs. Approximately 500 million people are affected annually and
about three million, mostly children die of P, Jalciparum each year [42-44]. In areas
of endemic malaria, the most common clinical presentation is that of uncomplicated
infection with prompt recovery after treatment [45]. However, in non-immune
individuals, malaria may be present in its most severe forms [46]. Although malaria
remains an important health problem in some parts of Asia and South America, its
main impact is in Sub-Sahara African region where 90% deaths occur due to malaria
[47]. These converge to result in a range of outcomes, from an asymptomatic

infection to severe disease and death [48].

1.2.2 Epidemilogy, Burden and Economic Consequences

Malaria is widely distributed throughout the tropics. Human malaria is caused
by four species of obligate intracellular protozoa of the genus Plasmodium. P.
Jalciparum predominates in Africa, French Guiena, Surinam, parts of Asia and New
Guiena. P. vivax prevails in Latin America, Turkey, the Indian subcontinent and
china. P. malariae is widely distributed but much Jesg common than either of the
former species while P. ovale occurs mainly in Africa. The epidemiological species
of malaria, mainly determined by the climate and the ecology of the mosquito vectors,
influence immunity in the population. Thus, at one extreme in the forest zones of
west Africa, children are infected in the second six months of life, parasitemia reaches
80-100% in the childhood, disease occurs throughout the year, and death occur mainly
in the first five years of life. In contrast, the disease is seasonal in the dry Savannah
of Africa and mortality is spread over a wide range. At the other extreme, the disease
may be epidemic as in parts of North India and Thailand, and affect all ages. Malaria-

endemic countries are among the poorest in the world. Malaria has both short-term
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and long-term health costs and economic consequences. In addition to traditional
measures of morbidity and mortality, disease burden in these countries can be
quantified through disability-adjusted life years (DALYs) [49, 50] effect on health
systems, and sociocconomic impact, but these estimates also suffer from the general
lack of high-quality data. In 2000, malaria was estimated to be the cause for the loss
of nearly 45 million DALYs (13% of all infectious diseases). In addition to the more
routinely measurcd costs associated with malaria, such as the cost of prevention
activities, lost workdays for both patients and care givers, and treatment seeking and
medication, malaria-related costs in endemic countries also include those associated
with suffering, retarded physical and cognitive development in children and
consequently poor educational performance, related malnutrition, anemia, and
potential increases in vulnerability to other diseases [51-53). Malaria incapacitates
the labour force, lowers educational achievement, discourages tourism and business
investment, and reduces opportunities for specialization both within the household
and for the economy as a whole. Slow economic growth prevents improvements in
living standards and places a serious constraint on countries’ ability to fund and
maintain malaria-control efforts, thereby creating a vicious cycle of high disease

prevalence and low economic growth.

1.2.3 Life Cycle of Malarial Parasite

Although malaria can be transmitted by transfusion of infected blood, humans
are infected more commonly by sporozoites injected by the bite of female Anopheles
mosquito. The life cycle of the malarial parasite is complex and is basically divided
into asymptomatic, pre or exoerythrocytic stage of infection and erythrocytic phase

(Figure 1.2.1) [54].
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Figure 1.2.1 Life cycle of a malarial parasite

The sporozoites injected through the bite of female Anopheles mosquito
circulate for a short time in the blood stream and then invade liver cells, where they
develop into exoerythrocytic schizonts during the next 5-15 days depending upon the
plasmodium species. P. vivax, P. ovale and P. cyanomolgi have a dormant stage, the
hypnozoite [55, 56], that may remain in liver for weeks or many years before the
development of erythrocytic schizogony. This results in relapse of infection. P.
falciparum and P. malariae have no persistent phase. An exoerythrocytic schizont
contains' 10000 to 30000 merozoites, which are released and invade the RBCs.
Erythrocyte invasion by merozoites is dependent on the interactions of specific
receptors on the erythrocytic membrane with ligands on the surface of the merozoites.
In erythrocytes, most parasites undergo asexual development from young ring forms
to trophozoites and finally to mature schizonts (erythrocytic schizogony). The

parasite modifies its host cell in several ways to enhance its survival. The erythrocyte
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containing the scgmented schizont cventually ruptures, cach releasing about 6-24
merozoites depending upon various species. It is this process which produces febrile
clinical attack. The periodicity of parasitemia and febrile clinical manifestations
depend on the timing of schizogony of a generation of crythrocytic parasites.
Erythrocytic schizogony takes about 48 h in casc of P. vivax, P. falciparum and, P.
ovale and thus, these species cause tertian malaria. In P. malariae infection,
schizogony takes about 72 h resulting in malarial attacks on days 1 and 4 or ‘quartan
malaria’. In the course of these events, some merozoites invade erythrocytes, become
differentiated into sexual forms, which are macro-gametocytes (female) and micro-
gametocytes (male). The duration of gametocytogony is assumed to be approximately
4-10 days depending on the Plasmodium species. Mature macro-gametocytes taken
into the midgut of the Anophelus mosquito escape from the erythrocyte to form
gametes. This is followed by exflagellation of microgametocytes and fertilization of
female gametocyte in the gut wall as an oocyst. Between 7-15 days post infection and
ambient temperature, a single oocyst forms more than 1000 sporozoites. The motile
sporozoites migrate into the salivary glands and when an infected mosquito bites a
susceptible vertebrate host, the Plasmodium life cycle begins again.

Each Plasmodium species has distinguishing morphological features in a
blood smear with different symptoms of the illness caused by it [57]:

> P. falciparum cause malignant tertian malaria, the most dangerous form of
human malaria. By invading erythrocytes of any age, this species can produce
fulminating infections in non-immune persons that, if untreated, may rapidly
cause death.

» P. vivax cause benign tertian malaria and produces mild clinical attacks than
those described above. It has a low mortality rate in untreated adults and is
characterized by relapses caused by latent tissue forms.

» P. ovale causes malarial infection with a periodicity and relapse similar to
those of P. vivax but it is milder and more rapidly cured.

> P. malariae cause quartan malaria that is common in localized areas of tropics.
1.2.4 Control Strategies for Malaria

Although treatment continues to be the main defense against malaria, disease

prevention (appropriate case management) is assuming a more important role.
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Antimalarials are classified according to the phase of life cycle of the parasite

they affect. According to this classification antimalarials can be classified into four

major classes:

Tissue Schizontocides for causal prophylaxis (Proguanil): These agents act on the
primary tissue forms of plasmodia within the liver that are destined within a
month or less to initiate the erythrocytic stage of infection thus preventing
invasion of erythrocytes and further infection.

Tissue Schizontocides for anti relapse activity (8-Aminoquinolones namely

Primaquine): These compounds act on the latent tissue forms of P.vivax and P.
ovale remaining after the primary hepatic forms have been released into the
circulation.

Blood Schizontocides used for clinical and suppressive cure: Chloroquine,
quinine, Quinidine, Mefloquine, Halofantrine, artemisinin and related compounds.
Gametocidal (Primaquine): These agents act against sexual erythrocytic forms of
plasmodia, thereby preventing transmission of malaria to mosquitoes.
Sporontocidal (Pyrimethamine): Such drugs inhibit the transmission of malaria by

preventing or inhibiting the formation of malarial oocysts and sporozoites in

infected mosquitoes.

Major antimalarial drugs can also be classified chemically as under [58]:
4-Amino Quinolines: Chloroquine, Amodiaquine, Hydroxychloroquine
8-Amino Quinolines: Primaquine

Acridine: Mepacrine

Cinchona alkaoloids: Quinine and its derivatives

Quinolinemethanol: Mefloquine

Biguanides: Proguanil, Cycloguanil

Diaminopyridines: ~ Pyrimethamine, Trimethoprim

Sulphonamides: Sulphadoxine, Sulphalene, Dapsone
Antibiotics: Tetracyclines, Clindamycin and erythromycin
Newer Drugs: Halofantrine, Artemisinin and its analogues
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1.2.4.1 Prophylaxis and Treatment of Malaria
Prophylactic use

(1) Chemoprophylaxis, which implies that the drug is used prior to tissue or blood
infection with the aim of preventing either the infection or its clinical
manifestations. .

(i1) Absolute Prevention implying destruction of the inoculated sporozoites before
they have invaded tissue cells.

(i) Causal Prophylaxis meaning the prevention of the erythrocyte infection by
destruction of the pre-erythrocytic forms of the parasite, directly deriving from
the sporozoites. Drugs acting as prophylactic should be able to destroy the
pre-erythrocytic stages before merozoites are liberated into the blood stream.
The main implication of causal prophylaxis is that the infection must be
eliminated at an early stage and within a short time.

(iv)  Clinical prophylaxis, which implies the prevention of clinical symptoms by
early destruction of erythrocyte parasites. It often consists of ‘suppression’,
which permits the continued existence of exoerythrocytic forms, or of some

erythrocytic forms, enabling subsequent multiplication of the parasite after

discontinuation of the drug.

1.2.4.2 Therapeutic (Treatment and Curative) Use
(i) Acute Attack

The chemotherapy has to be done against asexual erythrocytic stages of the
parasite by means of a suitable blood schizontocide. Treatment of the attack may
result in clinical (temporary) cure, denoting relief of Symptoms, in elimination of
asexual parasitemia without complete elimination of the infection, or in radical
(permanent) cure, indicating complete disappearance of the infecting parasites.

(ii) Radical treatment
This implies treatment adequate to achijeve complete elimination of the

infection so that relapses do not occur after the treatment is terminated. In P,
Jalciparum infections, the radical cure may be obtained by blood schizontocides while

in case of P.vivax and P.ovale infections, it is only clinical cure,
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(i) Antirelapse Treatment

Relapse refers to the renewed and parasitological manifestations of malaria
following a primary attack with an interval greater than the natural periodicity of the
blood infection. This treatment is designed to prevent the occurrences of long-term
relapses (six months). The deployment, therefore, particularly of primaquine was seen
as a possible solution. Its mode of use varied, but it was particularly beneficial in the
areas with P.vivax possessing a long incubation period and where attacks of malaria
could be expected in spring or summer.
(iv)  Suppressive treatment

This implies action against asexual erythrocytic parasites, resulting in
suppression of clinical symptoms and parasitaemia. This may be given either for
prophylactic or therapeutic purposes.
(v) Suppressive cure

This denotes that clinical and parasitological manifestations of the infection

have been continuously suppressed by regular drug administration for a long enough

period for the infection to die out.

1.2.4.3 Prevention of Infection

After World War 11, widespread use of Dichloro, diphenyl, trichloroethane
(DDT) coupled with the covering and draining of breeding grounds resulted in a
substantial reduction in mosquito populations and, together with effective treatment,
eradicated malaria in southern Europe, Russia, and parts of Asia. Although
substantial successes were achieved in subtropical regions, control of malaria in the
tropics proved far more challenging. The effectiveness of the control effort was
undermined through a combination of difficult access to health facilities, the
deterioration of health infrastructures, and the gradual development of insecticide
resistance. As a consequence, plans for eradication of malaria through vector control
had to be abandoned in the late 1960s. Malaria-prevention efforts have since shifted
toward more appropriate local protection methods, focusing on partial control of
breeding grounds and, in particular, on the use of insecticide-treated mosquito nets,
which both reduce the number of infective bites for a given mosquito population and
have important mass insecticidal effects. Deployment of impregnated bed nets in
China and Africa has been successful in reducing malaria morbidity, mortality, or

both [59, 60] although the resulting decrease in naturally occurring immunity may

19



limit this effect in the medium term. Resistance of the vectors to insecticides is
generally increasing. Moreover, even in areas where the benefits are substantial and
bed nets have been deployed through national programmes, community uptake has
been disappointing. The reasons need to be examined and lessons learned to improve
sustainability. The cffectiveness of insecticide-treated mosquito nets varies with the
rate of malaria transmission; the nets do not work well in many areas of low and
unstable transmission, where malaria vectors bite in the early evening and morning

[61].

1.2.4.4 Vaccines

With an increase in insecticide and antimalarial-drug resistance, the
development of a malaria vaccine carries huge expectations. As a reflection of these
uncertainties, there has recently been a move away from animal models and an
empbhasis on clinical trials [62]. Vaccines can target different stages of the parasite
cycle, each with a distinct antigenic repertoire [63]. The pre-erythrocytic stage
(sporozoite and liver-stage) vaccines are those best supported financially, perhaps
because there is potential market in the more developed countries (armed forces,
tourists, short-term visitors such as business people and field researchers).
Immunization with sporozoites can produce protective immunity, but the
experimental means of conferring protection, multiple repeated exposures to bites of
hundreds of irradiated mosquitoes is not practicable, and efforts to produce the same
degree of protection with vaccines based on sporozoite proteins have so far failed [64-
66]. Asexual blood-stage vaccines aim at reproducing the situation that occurs in
adults in hyper endemic areas: predominantly antibody-mediated protection acquired
through repeated exposure to infection. A gamete-stage vaccine aims to prevent
mosquitoes that are feeding on an infected individual from acquiring and transmitting
the parasite. However, vaccine research over the past three decades has been
characterized by lack of funding, a serious underestimation of the complexity of the
parasite, faith in technology above scientific understanding, lack of appropriate
models, and above all a lack of adequate knowledge about the immune mechanisms

underlying protection.

20



1.2.4.5 Chemotherapy of Malaria

For decades, malaria chemotherapy has relied on a handful of drugs, each with
its own pharmacological limitations, of which parasite resistance has been the most
damaging. We are now in a position where the only affordable drugs for use in
resource-poor settings, such as chloroquine and sulfadoxine-pyrimethamine are of
limited benefit across much of the world. This problem was predicted more than a
decade ago, at a time when there appeared to be no easy solution. Fortunately, the
intervening period has seen significant advances, which should result in a rapid
increase in the number of available (and affordable) antimalarials. The progress in
our understanding of the mechanisms of action and resistance to traditional drugs, the
emergence of the artemisinins as one of the most important antimalarial class and the
recently completed genome projects have provided the scientific community with a
wealth of data, upon which to mount effective drug discovery and development
programmes. Coincidental with the biological advances have been engagement of the
pharmaceutical industry and the establishment of organizations such as the Medicines
for Malaria Venture (MMV) which have provided these other key elements in the
search for new antimalarials. There have been several classes of drugs, which have

been used in chemotherapy of malaria and are elaborated below.

1.2.4.5.1 Cinchona Alkaloids

Recognition of the medicinal value of cinchona bark as a febrifuge preceded
by more than two centuries before the identification of Plasmodium species as the
cause of malaria. The bark contains a mixture of many alkaloids of which quinine is
the most abundant and easily extracted [67]. While quinidine, the dextrorotatory
diastereoisomer of quinine has significantly greater antimalarial potency than quinine
in vitro and in vivo, the latter is considerably more abundant in nature and therefore,
was historically chosen as the preferred alkaloid for antimalarial use [68]. The other

alkaloids of cinchona are less abundant and of lower potency.

Mechanism of Action and Spectrum of Activity

Despite the long history of interest in quinine as an antimalarial drug, its
mechanism of action remains unknown. It is highly active as a blood schizontocide
against all forms of human malaria and with administration for 7-10 days can produce

a radical cure in most P. falciparum but not in P. vivax infections. It is devoid of
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activity against sporozoites or exoerythrocytic stages and thus not suitable for causal
prophylaxis. It has been shown to bind to plasmodial DNA [69]. Another hypothesis
relates interaction of quinine with hemin to form lipid soluble substances, which
causc lysis of biological membrane [70, 71]. It has got strong activity against asexual
blood forms and is also active against early stages of gametocytes of P.vivax, P.

malariae and P. ovale.

Pharmacokinetics, Metabolism and Adverse Effects

Following oral administration, quinine is rapidly and thoroughly absorbed [72]
with peak plasma levels reaching 1-3 h after an oral dose. It has a relatively small
volume of distribution and a plasma half-life of 11-18 h [73]. The drug is not
significantly concentrated in the erythrocytes but the erythrocytic to plasma quinine is
significantly increased in severely ill patients [74, 75]. Quinine is metabolized in the
liver to 1-hydroxy quinoline and 6-hydroxy quinuclidine derivatives, which are
eliminated by the kidneys. A significant difference in the plasma half-life has been
observed between infected and uninfected individuals, patients with malaria showing
a significant prolongation of the elimination of parent drug [73, 74, 76). Delayed
elimination of quinine has been shown to be related to the hepatic dysfunction
associated with fever [74]. Apparent clinical antagonism between quinine and
chloroquine has been commented upon as radical cure rates in similar group of
patients were seen to be lower when two drugs were given simultaneously than when
quinine was given alone [77]. A common syndrome of characteristic side effects
known as ‘Cinchonism’ occurs in many patients taking quinine. Giddiness, light-
headedness, transient hearing loss, tinnitus, amaurosis and blurred vision may appear
at the therapeutic blood concentrations of 5-10 ug/ml. The other less frequent but
serious side effects of quinine include urticaria, asthma, fever, pruritis,
thrombocytopenia, hemolysis and edema of the eyelids, mucus membrane and lungs.
Hypoglycemia is a frequent complication of P. falciparum malaria and may be
aggravated by the administration of quinine, which apparently stimulates insulin
secretion [78]. Quinine is excreted in breast milk but the amount ingested by infant is

insignificant.
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1.2.4.5.2 4-Aminoquinolines

The two world wars were the most powerful stimuli for the development of
the synthetic antimalarial compounds. Chloroquine was synthesized as early as 1934,
but studies were stopped early in its development on the grounds that it was too toxic.
Sontoquine, an analogue of chloroquine was produced later in an attempt to eliminate
the toxic side effects of chloroquine, and was at the stage of ficld testing when the
Second World War began in 1939. The pharmacology and antimalarial activity of
chloroquine were evaluated in volunteer studies following which the compound
became recognized as the antimalarial drug of choice throughout the world [79, 80].
It is of historical interest to consider mepacrine, a 9-aminoacridine, in the evolution of
the 4-aminoquinolines. While no longer in use today, mepacrine, introduced in
Germany in 1932, was the first synthetic antimalarial drug with blood schizontocidal
activity. It was more potent than quinine as a blood schizontocide for suppressive
therapy or prophylaxis of P. falciparum and P. vivax malaria [81]. It did not,
however, prevent recurrence of P. vivax malaria [82]). Toxic effects of quinacrine
included gastrointestinal intolerance during initial therapy in most cases, central
nervous system disturbances and a potentially exfoliating dermatitis [83]. Its most
remembered side effect was its disturbing propensity for causing reversible yellow
discoloration of the skin. It does, like quinine and chloroquine, effectively bind to
DNA in high concentrations [84]. Moreover, mepacrine-resistant P. falciparum

malaria is cross resistant with chloroquine and other 4- aminoquinolines but not with

quinine.

Mechanism of Action and Spectrum of Activity

The 4-aminoquinolines appear to exert their antimalarial activity primarily
through their effect on the digestion of hemoglobin. The structural resemblance of
mepacrine and chloroquine suggests a similar mode of action for the two drugs. They
have a fast and prominent effect on hemoglobin containing digestive vesicles of the
parasite, first detectable by the fusion and sequestration of adjacent vesicles and their
contained malaria pigment into a large autophagic vacuole. The pigment is then
extruded into the cytoplasm of the host cell. It is claimed that chloroquine binds with
hematin, a transient breakdown product of hemoglobin within the parasite, to produce
a hemolytic complex, which disrupts the parasite host membrane, thus resulting in

parasite death [70]. The in vitro potency of the two 4-aminoquinolines, chloroquine
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and amodiaquine, is similar when evaluated against chloroquine-susceptible isolates
P. falciparum.  However, amodiaquine appears significantly more potent than
chloroquine against less susceptible isolates, i.c. the two drugs are incompletely cross-
resistant.  This difference in susceptibility of resistant isolates was based on short-
term in vitro 'macro' cultures [85, 86]. The observation was confirmed in vivo in
monkeys experimentally infected with 2. Jalciparum [87]. These agents have no
activity against sporozoite and primary erythrocytic schizonts but are highly active
against the blood forms of P. vivax, P. ovale, P. malariae. and susceptible strains of
P. falciparum. They are reputed to kill carly stage gametocytes (protogametocytes) of
P. falciparum, while hemoglobin digestion is still taking place, but are inactive
against mature forms. The compounds eliminate gametocytes, along with asexual
blood forms, of P. vivax, P. ovale and P. malarige. These drugs have no activity

against the persisting tissue stages of the relapsing human malarias caused by, P.

vivax and P. ovale.

Pharmacokinetics, Metabolism and Adverse Effects

In the recent past, a number of studies have been done which have contributed
appreciably to an understanding of the pharmacokinetics of chloroquine. It is quickly
and almost completely absorbed following an oral dose. It has been shown that,
following a single oral dose of 300 mg chloroquine in healthy volunteers; peak
plasma concentrations of 56-102 ng/ml were reached in 1-6 h, with a bioavailability
of 75% [88]. When chloroquine is administered intravenously, there is a real danger
of reaching toxic levels. The use of intramuscular chloroquine may be presumed to
be associated with similar danger although there are very few recent data from human
studies in this regard. However, in rabbits, it has been shown that the peak plasma
concentration attained after intramuscular administration of 10 mg chloroquine per kg
was approximately twice that following oral administration of the same dose, and
occurred 30 minutes following injection [89]. Given the expanding distribution and
increasing level of resistance to these drugs, treatment of severe or complicated
malaria (including patients unable to tolerate ora] medications) should be initiated
using intravenous quinine. Despite the relative resistance of P, falciparum in parts of
South-East Asia, quinine can almost always be relied upon to cause clinical
improvement and reduction in parasitemia. Once absorbed, chloroquine is widely

distributed throughout the body, and accumulates in the tissues, particularly in the
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spleen, kidneys, lungs, heart and liver [90-92]. It has a volume of distribution in man
of 111-285 L/kg [88]. Other studies have confirmed a special affinity for the
melanin-containing tissues of the skin and eye [93-96]. Red cell concentrations of
chloroquine have consistently been shown to be higher than plasma concentrations,
particularly in cells harboring P. falciparum parasites. In infected children, the red
cell/plasma ratio was found to be 21, and this ratio fell to 5.3 after four days, when
parasitemia had been completely eliminated [96]. Exceptionally high ratios have been
reported for erythrocytes infected with P. knowlesi and P. berghei [97-99].
Leukocytes and platelets also concentrate the drug, to an even higher dégree than red
cells. and this explains the fact that chloroquine levels in serum are usually higher
than in plasma, since during the clotting process chloroquine is eluted from these
elements into the serum [100]. In view of the high degree of tissue binding of
chloroquine, plasma protein binding is less than would be expected (50%), primarily
to plasma proteins other than albumin. Chloroquine is extensively metabolized and
the main metabolite being desethylchloroquine which has been reported to have
antimalarial activity against chloroquine-sensitive falciparum parasites similar to that
of the parent drug [101]. Desethylchloroquine has the same tissue distribution as
chloroquine, but individual variations in distribution may be related to the incidence
of certain drug side effects. Pruritus is frequently associated with chloroquine
administration in African subjects. It has been shown that the ratio of unchanged
chloroquine to desethylchloroquine in the skin is related to the presence of itching.
Subjects complaining of pruritus are likely to have a higher parent drug/metabolite
ratio than those who do not despite similar plasma concentrations [102]. Chloroquine
is eliminated very slowly and disappears from the various tissues at different rates.
Erythrocyte and plasma concentrations decline in parallel. However, the other tissue
stores behave as separate compartments, with slower elimination rate constants than
the plasma. Since there is constant redistribution between tissue compartments and
plasma over weeks or even months, estimation of plasma half-life will vary,
depending on the duration of sampling. This is the reason why literature contains
wide variations of plasma half-life, between two and a half days when sampling
continues for seven days to ten days when sampling is prolonged for 56 days.
Amodiaquine, another drug in this category was rapidly metabolized after an oral
dose, desethylamodiaquine being the major metabolite [103]. Moreover, unchanged

amodiaquine disappears from the blood within half an hour of administration, but the
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descthyl metabolite may still be detected 21 days later [104]. Chloroquine is
climinated from the body mainly by way of the kidney, and is detectable in the urine
for 120 days after dose. The value for renal clearance (400-450 ml/min) is higher
than the glomerular filtration rate, suggesting that the drug is probably excreted both
by glomerular filtration and tubular secretion. Patients with renal insufficiency
eliminate the drug more slowly than normal subjects [105).

The adverse effects related to chloroquine are rare and mild. Nausea and
vomiting may occur if the drug is taken on an empty stomach and headache and
difficulty in visual accommodation have been reported, accompanying the full
therapeutic regimen. Other side effects include photoallergic dermatitis, pigmentation
of the skin, leukopenia, bleaching of the hair and, very rarely, aplastic disorders. The
side effects associated with the therapeutic administration of amodiaquine are similar
to those of chloroquine. However, agranulocytosis has been found to be associated
with the prophylactic use of amodiaquine, and there is a relatively high frequency of
this serious adverse reaction, which obviously precludes chemoprophylaxis with
amodiaquine [106, 107). For curative treatment of P. malariae and susceptible P.
falciparum, and for termination of the acute attack of P. vivax and P. ovale,

chloroquine and amodiaqine are usually given orally in a three-day course.

1.2.4.5.3 Mefloquine
During the Second World War, the United States of America initiated a

programme designed to identify and test chemical compounds with potential
antimalarial activity. From the 16000 chemicals screened, those belonging to the
quinoline methanol group were found to be among the most promising, and one drug
in particular, designated SN 10275, showed a high degree of activity. This drug was
developed for human administration, and initially administered to five volunteers with
induced P. vivax malaria. All five were clinically cured, and this compound was
considered to be a promising lead but later in the course of study of this drug,
phototoxicity was found to be associated with its use. Meanwhile, other quinoline
methanols had been synthesized and one drug selected for advanced testing from this

class of compounds was WR 142490, which was later named mefloquine.
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Mechanism of Action and Spectrum of Activity

Relatively little is known about the mode of action of mefloquine, although it
is assumed to be similar to that of quinine, the 4-aminoquinolines and mepacrine. It
has been shown that mefloquine, like quinine, modifies the ultra structure of the
malaria pigment. Following treatment, the pigment, which is produced, is abnormally
translucent, and then it is seen to disappear entirely [108). Mefloquine has also been
shown to associate strongly with membrane phospholipids [109], which is an
important feature of its activity, although it’s major mode of action is probably
involved with parasite hemoglobin digestion. Furthermore, like other blood
s.chizontocides mefloquine binds to DNA, but with less affinity than quinine,
chloroquine or mepacrine [110]. Mefloquine is presumed to have no activity against
sporozoites but has an action against gametocytes of P. falciparum in their early
stages of development while they are still actively digesting hemoglobin. Mefloquine

kills all gametocytes stages of P. vivax, P. ovale, and P. malariae.

Pharmacokinetics, Metabolism and Adverse Effects

Mefloquine is rapidly absorbed, the apparent half-life of absorption being
0.36-2.0 h [111-112]). The decline of plasma concentration is very gradual and
prolonged, resulting in a calculated half-life of elimination of 15-33 days. Nearly all
the mefloquine in the plasma is bound to protein but the concentration in erythrocytes
is 170% that in the plasma. Approximately half of the intra-erythrocytic mefloquine
is bound to the cell membrane [113]. The drug is widely distributed in tissue
compartments and only a small amount of unchanged drug is eliminated in the urine
while the majority is eliminated after biotransformation. Within only four hours after
administration, significant amounts of the main metabolite (2, 8-trifluoromethyl-4-
quinoline carboxylic acid) can be detected in the plasma, and within a few days the
concentration of this metabolite exceeds that of the parent drug. Plasma levels of
mefloquine increase gradually when repeated weekly doses are administered, and the
steady-state level is attained after only a few months. Following six months of
administration, the elimination half-life of mefloquine was found to range from 17 to
35 days identical to that following single-dose administration [112], indicating that no
enzyme induction or inhibition occurs under prolonged treatment. The side effects
recorded have generally been mild and self-limiting, and have included dizziness,

nausea, vomiting, abdominal pain and loose bowel movements. Neuropsychiatric
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symptoms. generally including feelings of, paranoia, and occasionally involving

hallucinations, have been observed in patients.

1.2.4.5.4 Antimetabolites of the Folate Pathway

Drugs affecting parasite folate metabolism, including the biguanides,
proguanil, chlorproguanil and the diaminopyridines (pyrimethamine) have been in
clinical use since the mid-1940s. The discovery of proguanil stimulated further work
in compounds that compete with folic and folinic acid in parasite metabolism. In
1951, a joint American and British team developed pyrimethamine, which proved to
be highly active against human malaria. Pyrimethamine was found to be greatly
superior to proguanil in its activity against the blood forms of the human malarias,
and its persistence in the body was determined to be very long. However, early in its
use, it was observed that parasite resistance to pyrimethamine developed quite
rapidly, both in the laboratory and in the field, and that pyrimethamine resistant
asexual erythrocytic forms were usually cross-resistant to proguanil. The fact that
sulfonamides and sulfones had antimalarial activity was discovered during their
development for the therapy of bacterial infections prior to the Second World War.
However, when the appearance of chloroquine resistance made an intense search for
new preparations imperative, these drugs were re-evaluated. The long-acting
sulfonamides, sulfadoxine and sulfalene, in combination with pyrimethamine, proved
to be very effective against chloroquine-resistant P. falciparum, and the association of

the sulfone, dapsone with proguanil was found to be an active prophylactic regimen.

Mechanism of Action and Spectrum of Activity

Cycloguanil (the metabolite and active principle of proguanil), pyrimethamine
and trimethoprim are competitive inhibitors of the enzyme tetrahydrofolate
dehydrogenase. The mammalian host uses a similar enzyme, but of lower molecular
weight, in order to produce tetrahydrofolate. Pyrimethamine and cycloguanil have an
affinity for the parasite enzyme one thousand times higher than that of the mammalian
enzyme. Sulfonamides and sulfones compete with para amino benzoic acid (PABA)
for the active site on the enzyme dihydropteroate synthase. This system, using
PABA, would eventually lead to the formation of dihydrofolate. In mammalian cells,
dihydrofolate is obtained by the reduction of dietary folic acid. This accounts for the

specificity of sulfonamides and sulfones for microorganisms, and their relative safety

28



In mammalian systems. The fact that these two types of antimetabolites act at
different but sequential steps in the parasite's folic acid cycle may explain, in part,
their potentiating synergy when they are used in combination. Drugs of this class act
on growing parasites, and are therefore inactive against hypnozoites (which are
dormant) and against mature gametocytes. Pyrimethamine and the biguanides, in
sensitive strains, are also known to be actjve against the developing mosquito stages
of the parasite (sporogonic cycle), and therefore can theoretically play a role in
interrupting transmission.  This class of compounds has no apparent action on
gametocytes. Cycloguanil and chlorcycloguanil, the active metabolites of proguanil
and chlorproguanil, are known to be active; pyrimethamine is presumed to be active,
whereas the sulfonamides and sulfones are apparently inactive against erythrocytic
schizonts. All compounds are inactive against mature gametocytes, but may have
some effect on early, developing forms. There is evidence that sulfonamides

stimulate the production of gametocytes [114, 115]. These compounds apparently do

not show any activity against hypnozoites.

Pharmacokinetics, Metabolism and Adverse Effects
Biguanides

Proguanil is rapidly absorbed, and the peak plasma concentration is attained
approximately 4 h after administration of an oral dose [1 16]. Itis concentrated in red
cells by a factor of 4-8 over plasma levels. Analysis of human autopsy material
shows that higher concentrations are found in kidney and liver than in plasma. The
plasma elimination half-life is about 15 h, and approximately 40% of an oral dose
may be recovered unchanged from the urine within 48 h, 7-12% from the feces and
the remainder is excreted as the active metabolite, cycloguanil [117]. Proguanil has
been found to be extremely safe in man at the usya] prophylactic adult dose of 100-
200 mg daily. Gastrointestinal symptoms in patients with renal complications have

been reported in association with doses of (.8-1.0 g daily, but were completely

reversible when the drug was discontinued.

Pyrimethamine
Pyrimethamine is rapidly and almost completely absorbed following oral
administration, and peak plasma levels are attained between 2 and 6 h after dosing.

The drug is extensively bound to plasma protein, and is moderately concentrated in
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various tissucs (in monkeys particularly in lung, liver, spleen, kidney and brain).
Pyrimethamine is extensively metabolized and at least sixteen metabolites have been
identified, the major being an N-oxide. The drug has a long elimination half-life, in
the order of 80-100 h [118, 119]. The majority (85%) is eliminated in the urine [120]
and 3-5% may be recovered from the feces. In view of the prolonged elimination half-
life of pyrimcthamine, symptoms related to accumulation of the drug should be
cxpected when it is administered at shorter dose intervals. Pyrimethamine is also
known to inhibit the enzyme histamine N-methyl transferase, which is responsible for
the metabolism of histamine in several mammalian tissues and therefore CNS
accumulation of histamine may be responsible for the occurrence of convulsions
following massive overdose. The effect on histamine metabolism may also account
for the incidence of postural hypotension following malaria treatment with

pyrimethamine, either alone or in combination with sulfonamides.

Sulfonamides
The sulfonamides are readily and completely absorbed following oral

administration and maximum plasma levels are achieved 3-6 h after dosing.
Generally, less than 10% of the administered dose is metabolized, approximately 5%
to the acetyl derivative. Sulfonamides are extensively protein-bound in the plasma,
mainly to albumin. Sulfonamides may displace other protein-bound compounds, and
this has clinical significance in neonatal hyperbilirubinemia, where bilirubin displaced
by sulfonamides may result in kericterus. The half-life of sulfadoxine has been
observed to range between 79 and 200 h in a group of eight volunteers. A study of
sulfalene indicated that red cell concentrations were in the order of 40% those of
plasma concentrations, while with sulfadoxine, the red cell concentration was the
same as the plasma level [121, 122]. It is observed that approximately 90% of
administered sulfonamide is eliminated in the urine.

The most frequent and serious side effects associated with sulfonamide use
involve the skin and mucous membranes. Mucocutaneous reactions may range from
mild, self-limited rashes through vesicular exanthemata to bullous, exfoliative
reactions including the Stevens-Johnson syndrome and toxic epidermal necrolysis,

both of which may be fatal in 10-20% of cases.
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Sulfones

Dapsone is thought to be nearly completely absorbed following oral
administration, and peak plasma concentrations are produced in 3-6 h. Protein
binding is approximately 80%, and plasma half-life ranges between 21 to 30 h. Red
cell and plasma concentrations are nearly identical. The drug is metabolized, mainly
to mono-N-acetyl dapsone. Approximately 90% of the administered drug is
eliminated in the urine, mainly in the form of metabolites; the rest is excreted in the
feces.

The major toxic side effects of sulfones are hematological and are reported
even in association with relatively small doses. Methemoglobinemia may be
observed at dapsone doses routinely used for malaria prophylaxis, and may be
potentiated by concomitant administration of other antimalarials, e.g. chloroquine and

primaquine. The most serious side effect related to dapsone is agranulocytosis [123-

126).

1.2.4.5.5 8-Amino Quinolines
The first synthetic 8-aminoquinoline antimalarial was pamaquine and it soon

became apparent that, although it was active against avian plasmodia, its blood
schizontocidal action against the human malarias was much less, and its toxicity was
considerable. Pamaquine reduced the relapse rate of P. vivax malaria reawakened
interest in this compound prior to the Second World War [127]. During the
remarkably productive antimalarial research initiative of the US Army during the
Second World War, a series of 8- aminoquinolines were synthesized and screened.
From this effort, three compounds were felt to be promising: pentaquine,
isopentaquine and primaquine which had an anti-relapse effect on P. vivax superior to
that of pamaquine and, of the three, primaquine had the least toxicity. Primaquine
still remains the most effective available compound for the elimination of the

hypnozoites of the relapsing malarias, and for anti-gametocyte therapy in P.

falciparum malaria.

Mechanism of Action and Spectrum of Activity
The mechanism of action of primaquine is not well understood, but research in
rodent and simian models indicates that the site of action involves the plasmodial

mitochondria. Studies of the metabolism of pamaquine have suggested that
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metabolites of drugs of this class may mimic ubiquinonc and reduced ubiquinone,
substances found in the mitochondrial electron transport chain. Primaquine has not
been shown to have any activity against sporozoites. Primaquine is active against
primary exoerythrocytic schizonts but at doses which may be expected to be toxic.
Primaquine is not used as a prophylactic agent or blood schizontocide. It is highly
active against gametocytes of all species of human malaria parasites and against

hypnozoites of P. vivax, and, presumably, P. ovale.

Pharmacokinetics, Metabolism and Adverse Effects

It is observed that fo]lowihg a single oral dose of 45 mg; peak plasma levels of
153 ng/ml are attained in 2-3 h, with a bioavailability of 72-76%, indicating rapid and
relatively high absorption. Primaquine is rapidly metabolized in the liver and the
parent drug disappears quickly from the blood, having a half-life of only 5-6 h. The
main metabolite, carboxy primaquine, has a peak blood level ten times that of
primaquine, and at 24 h following administration of primaquine, this metabolite
persists at 60% of the peak level. Studies in monkeys have indicated that primaquine
and its metabolites are concentrated in red cells. Although toxic symptoms are rare
when primaquine is given at the usual doses, the administration of increased doses
may be accompanied by gastrointestinal complaints (anorexia, nausea, epigastric
distress, vomiting, abdominal pain and cramping) and vague symptoms such as
weakness and uneasiness in the chest. The more severe side effects of the higher
doses of the 8-aminoquinolines are related to their effect on the formed elements of
the blood and bone marrow. Leukopenia, anemia, suppression of myeloid activity
and methemoglobinemia may occur which results in cyanosis. Withdrawal of
primaquine will result in the disappearance of symptoms within 24-72 h. Individuals
deficient in the enzyme Glucose 6 phosphate dehydrogenase (G6PD) may suffer
severe hemolysis following the ingestion of primaquine. Defects in some of the other
enzymes related to the pentose-phosphate shunt may also render erythrocytes
hypersensitive to hemolysis by the 8-aminoquinolines [128].  For use as a
gametocytocide in P. falciparum, primaquine is effective at a single dose of 30-45
mg. For anti-relapse therapy of P. vivax and P. ovale, the usual dose js 15 mg daily
for 14 days except in patients with G6PD deficiency of the Mediterranean B and

certain Asian variants. These patients may be treated using an intermittent regimen
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with weekly doses of 45 mg primaquine for 8 weeks, which should be administered

under strict medical supervision.

1.2.4.5.6 Newer Drugs: Halofantrine

A potential phenanthrene replacement drug for mefloquine, halofantrine, has
demonstrated treatment efficacy in regions where mefloquine is not effective [129,
1300]. It has got blood schizontocidal activity comparable to mefloquine. It is
effective against P. falciparum resistant to chloroquine, pyrimethamine-sulphadoxine
and mefloquine. It has got poor absorption and low bioavailability [13 1]. The plasma
half-life of the drug is one day but that of its active metabolite is 3 days. Recent
reports on the cardio toxicity of this drug at higher doses have prompted closer

scrutiny of its pharmacokinetics and efforts to evaluate the efficacy of its metabolite

with more efficacy and less cardio toxicity [132].

1.2.4.5.7 Newer Drugs: Artemisinin Derivatives

Artemisinin (Quinghauso) is a sesquiterpene lactone, which has shown marked
antimalarial activity against P. falciparum [133]. It is obtained from a plant that is a
traditional source of remedy in china ‘Artemisia annua’. A number of artemisinin
derivatives e.g. arteether, artemether, artesunate, artelinic acid have been developed or
are under development. The mechanism of action of artemisinin drugs is thought to
be iron dependent free radical generation [134, 135].  The potential for fata]
neurotoxicity in animal models with artemisinin derivatives, especially the oil soluble
derivatives arteether and artemether. A dose dependent brain stem neuropathology
has been described in rats treated with repeated arteether doses [136]. Arteether, the
oil soluble ethyl ether derivative of artemisinin, has been shown to be a potent
erythrocytic schizontocidal agent and is metabolized to dihydroartemisinin (DHA). In
vitro and in vivo experiments showed that DHA is as efficacious as arteether as an
antimalarial but possess the potential for neurotoxicity at higher doses. Arteether has
been useful in hundreds of patients for the treatment of severe and complicated
malaria. Because of their short half-lives, artemisinin derivatives are expected to be
used with a sequential combination of drugs such as mefloquine [137]. Artesunate, a
water-soluble artemisinin derivative, is currently being formulated as rectal
suppository and is being evaluated in a rural health care setting where the access to

parentral drugs is limited. Artenilic acid, is being developed by Walter Reed Army
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Institute for oral treatment of uncomplicated malaria. This drug has a lower potential
for ncurotoxicity than arteether [138] and has an advantage that it can be formulated
as sodium salt for intravenous injection to treat severe and complicated disease.
Artelinic acid is metabolized to dihydroartemisinin, a potentially potent neurotoxin, to
a much lower extent than arteether, and newer analogues, which do not undergo
metabolism to dihydroartemisinin, are also undergoing development. Second and
third gencration artemisinin like compounds, specially synthetic trioxanes and

tetraoxanes, collectively referred to as “Malperox” candidates, are also being pursued,

[139-140].

1.2.4.5.8 Antibiotics
It was reported in 1945 that penicillin had no antimalarial activity [141], but

shortly thereafter, in 1949, chlortetracycline was shown to be effective against human
and avian malaria parasites. As the problem of resistance to chloroquine emerged and
spread, interest in alternative antimalarials, including the antibiotics, was revived. It
has been shown that tetracycline had a marked effect against both pre-erythrocytic
and erythrocytic schizonts. All of these reports emphasized the need for a fast-acting
schizontocide, such as quinine, in conjunction with the slow-acting tetracyclines,
which, when used alone, take approximately 48 h to manifest activity. Clindamycin,
like tetracycline, is an efficient blood schizontocidal drug with rclatively slow action,
which requires a fast-acting drug such as quinine to control the infection. Concurrent
treatment with quinine is associated with marked toxicity, but sequential treatment
with quinine followed by clindamycin seems to be well tolerated. Erythromycin,
which has weak antimalarial activity, shows potentiating synergism with chloroquine

against chloroquine-resistant strains of rodent malaria in vivo and P. Jalciparum in

vitro.

Mechanism of Action and Spectrum of Activity

" In bacteria, the tetracyclines, clindamycin and erythromycin are all considered
to act against ribosomal protein synthesis, and it appears likely that they affect the
plasmodia through mitochondria, which are presumed to have similar ribosomal
makeup. This could account for their slow activity, since mitochondrial replication
may be restricted to a limited part of the cell cycle. It has been suggested that the

potentiating synergism between chloroquine and erythromycin in rodent malaria
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results from an increase in permeability of the mitochondrion for the antibiotic,
caused by chloroquine [142). In volunteer studies, the tetracyclines were shown to be
active against the pre-erythrocytic liver forms of P. fulciparum even when
administration began as long as four days after the infective bite. Their activity
against primary liver forms of other species of human malaria have not been
adequately studied. The tetracyclines and clindamycin are active against the asexual
blood forms of P. falciparum, including isolates, which are resistant to the 4-
aminoquinolines and to DHFR inhibitors, but their activity is slow. Tetracyclines
have no apparent activity against gametocytes of P. falciparum. Neither the

tetracyclines nor clindamycin appear to provide radical cure of the relapsing malarias.

Pharmacokinetics, Metabolism and Adverse Effects

The absorption of the tetracyclines is variable, ranging from 30 to 80%,
depending on the preparation, dose and whether or not the stomach is empty at the
time of drug administration. Tetracycline is better absorbed than chlortetracycline or
oxytetracycline. Higher doses of these antibiotics have lesser absorption as compared
to lower doses. Moreover, food in the stomach decreases their absorption. The
absorption of the tetracyclines is inhibited by di- and tri-valent cations, such as
calcium, aluminum, magnesium and iron. For this reason, tetracyclines should not be
given with milk or antacids, and medications containing the above-mentioned cations
should not be given within two hours of the tetracycline dose. The gastric intolerance
of tetracyclines, however, occasionally requires that they should be administered with
a light meal, despite these considerations. The tetracyclines are widely distributed
throughout body tissues and fluids. Pharmacokinetic studics of clindamycin in man
[143) indicate that the drug is well absorbed following oral administration, and peak
serum concentrations are achieved within 45 min of administration. The average half-
life is 2.4 h, with a range of 1.5-3.5 h, after single doses of 250 mg. It is widely
distributed in the tissues and drug is highly metabolized in the liver and much of it is
excreted in the bile. The tetracyclines should not generally be used in pregnant
women and in children less than eight years of age, since they may produce
ossification disorders and discoloration of developing teeth [144]. The most common
side effects of tetracycline administration are gastrointestinal including epigastric
distress, abdominal discomfort, nausea, vomiting and diarrhea, Acute, severe

pseudomembraneous colitis may occur in conjunction with clindamycin therapy. It
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has been postulated that this condition may be due to alteration of the intestinal flora
with resulting overgrowth of Clostridium difficile. This organism produces a toxin,
which has been incriminated in the causation of the colitis [145]. Skin rashes have
been reported in about 10% of patients receiving clindamycin. The tetracyclines are
never used alone for the therapy of malaria, but are administered in association with a

fast-acting schizontocide such as quinine.

1.2.4.6 Mechanisms of Drug Resistance

1.2.4.6.1 Resistance to Quinine and Mefloquine

It has been shown that resistant parasites lower the concentration of this drug
by increasing their efflux in an ATP dependent manner. As quinine and this new drug
mefloquine are similar both in their structure and mode of action, quinine resistance
may be a potential threat to use of mefloquine. This raises a question of common or
overlapping mechanisms of resistance responsible for intrinsic or acquired resistance

to mefloquine and its structurally related antimalarials [146].

1.2.4.6.2 Resistance to 4-aminoquinolines

The late 1950s saw the emergence of resistance to P. falciparum to the
antimalarial drug, chloroquine. In contrast to that of pyrimethamine, resistance to
chloroquine in human malaria species is restricted to P. falciparum. All other human
species remain so far fully susceptible to this and other 4-aminoquinolones. It is
suggested that the high level of resistance was probably due to an accumulation of
mutations in each parasite at different loci, each conferring a low level of resistance
since intermediate resistant clones [147]. Chloroquine resistant rodent malarial
parasites have been shown to have many unique biological features. It has been
shown that trophozoites of highly chloroquine resistant cell lines failed to produce
haemetin [148]. This lead to the suggestion that the lack of haematin in chloroquine
resistant malarial parasites was a result of a more efficient proteolytic activity of these
parasites compared to the chloroquine sensitive species [149]. Red cells infected with
chloroquine resistance strains accumulate less chloroquine than those infected with
comparable chloroquine susceptible strains. Moreover calcium channel blockers that
reduce chloroquine efflux can particularly restore the susceptibility of resistant

parasites to chloroquine [150, 151].
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1.2.4.6.3 Resistance to Dihydrofolate Reductase Inhibitors

It is hypothesized that resistance has a Mendelian basis of inheritance with
recombinant forms only being obtained after cross-fertilization of the gametes in the
mosquito. The pyrimethamine resistant mutants that have been obtained show various
degree of cross-resistance to sulphonamides and sulphones and vary in their
requirement of PABA. Resistance may be due to various mechanisms like alterations
in enzyme, alterations in the transport of the drug across the membrane and gene
amplification i.e., an increase in number of genes which result in larger amounts of
the enzyme in resistant cells [152]. It has also been shown that pyrimethamine
resistance in rodent malarias is associated with an increase in leve] of dihydro folate

reductase within the parasite, a decrease in enzyme affinity for the substrate and a

decrease in its sensitivity to inhibition by pyrimethamine.

1.2.4.6.4 Resistance to Sulfonamides and Sulphones

Lines of plasmodium resistant to sulfonamides or sulphones may be developed
in the laboratory either by exposing the parasites to single heavy or repeated sub-
curative doses of the drug or by withholding the cofactor PABA. In either case it
appears that the parasite must survive by bypassing the step at which PABA 1S
incorporated into dihydropteroate. It is possible that it may be able to do this by
utilizing the host cell folates. Resistance to these compounds is however, a stable

character which is carried through all the stages of the life cycle when the parasite is

cyclically transmitted [153].

1.2.4.6.5 Resistance to Primaquine

Resistance of asexual intra-erythrocytic parasites to primaquine is of
somewhat academic interest since this is the only compound which is clinically used
for radical cure against P. vivax and as a gametocytocide against P. falciparum. It
seems possible therefore that one mechanism of resistance to this compound could be
the generation of increased number of these organelles to compensate for drug effect.

The biochemical basis of primaquine resistance is stil] unknown,

1.2.5 Drug Associations and Fixed Combinations
Associations and combinations of antimalarial drugs may be used for the

purpose of enhancing the activity in the treatment of individual infections, particularly
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where drug resistance is a problem and in an attempt to delay the appearance of
resistance to one or both partners in an association, when a drug is to be used widely
in a malaria-endemic area. Drug associations may be additive, potentiating or
complementary.  Additive associations are considered to be those in which the
combined effect of the constituents equals the sum of their individual activities.
These are usually drugs, which act on the same stage of the parasite, but have
different modes of action, e.g. chloroquine and pyrimethamine. Potentiating
combinations are those in which the combined effect of the components clearly
exceeds the sum of activities of the individual components. The latter may act at
scquential points in a parasite metabolic pathway. Such activity is seen when drugs
acting against the enzyme tetrahydrofolate dehydrogenase (dihydrofolate reductase),
€.g. pyrimethamine, are used together with drugs inhibiting dihydropteroate synthase,
c.g. the sulfonamides and sulfones. Complementary associations may act against
different stages in the life cycle, e.g. chloroquine (which eliminates blood forms of P.
vivax), given together with a course of primaquine (which acts against the latent liver

forms, or hypnozoites, of this parasite).

1.2.6 Future Perspectives

Past approaches aimed at drug discovery at the Walter Reed Army Institute
and WHO programmes have evolved empirical screening; screening of plant extracts
from traditional medicines; and synthesis of analogues of compounds known to have
antimicrobial, antitumour, antimalarial activity and that selectively target specific
parasite enzymes. Primary evaluations begin in vitro with parasite cultures and in
simple rodent models. Candidates, which show promise, are evaluated in secondary
and tertiary test systems. Few Compounds are eventually selected for clinical
evaluation because of problems with economical syn‘thesis, formulation, stability,
toxicity, or lack of sufficient activity during advanced testing or ultimately in cases of
human malaria.

With the early discovery of quinine and Quinghaosu, traditional medicinal
approaches have demonstrated historical success in antimalarial drug development,
and a number of established programmes are pursuing new traditional medicine leads
[154].  New approaches involving structure based drug design and molecular
modeling have been initiated at Walter Reed Army Institute and represent significant

enhancement in the drug discovery process. There is renewed emphasis on drug
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discovery and new programmes arc based on the most current tenets of using
biotechnology for structure based drug design [155, 156). Molecular biology
techniques are used to identify and validate novel therapeutic targets in the parasite.
Target genes are cloned and expressed, recombinant protein are used for target based
high throughput drug screening assays, and crystallized protein is used for molecular
drug design. This new programme is based on established paradigms in the
pharmaceutical industry for structure based drug design. Current progress in the
malaria genome sequence project and availability of expressed gene sequence tags
will soon provide a plethora of potential targets for drug interdiction. A number of
drug candidatés are currently being prioritized for transition to advanced
development. Using Lead-directed synthesis, molecular modeling and structure based
drug design, these efforts will result in the discovery of safe and effective new drugs
that will circumvent the elusive mechanism by which malaria parasite develop
resistance. Multiple drug resistance in P. falciparum malaria will continue to cause
special problems for targeting the blood stages of malaria. There must also be
increased emphasis on developing drugs with true casual prophylactic or radical
curative properties before blood stages emerge and cause clinical disease. The search
for resistance modulated drugs in resistant malaria parasites shares common goals and
interests with resistance modulated drugs developed for tumour cells. Certain
malarial drugs are also effective against parasitic infections with large commercial
implications [157]. The global solution to the current malaria problem is to maintain
a necessary critical mass of investigators and clinical centers focused on and

committed to discovering and developing new drugs.
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1.3 Research Envisaged

The chemotherapeutic agents of the 8-amino quinoline group are known to
have tissue schizontocidal activity (causal prophylactic and radical curative) as well
as gametocidal activity against malaria. Of the known compounds only primaquine
(PQ) is in clinical use as an antirelapse drug against P. vivax [158]. The therapeutic
application of primaquine is limited because of the adverse side effects which include
methemoglobinemia and cyanosis, hemolytic anemia in G6PD deficient individuals,
hepatotoxicity, gastrointestinal distress, epigastric discomfort, anorexia, nausea,
vomiting, headache, etc [159]. The drug is contraindicated in pregnancy and not
recommended for infants [160]. Efforts to develop safer and less toxic antirelapse
drug continue [161]. Attempts have been made to synthesize and evaluate analogs of
PQ either by quinoline ring substitutions or side chain modifications, in the search for
the compound that would be more effective or less toxic [162, 163].

In quest of search for newer, safer and potent antimalarial Central Drug
Research Institute (CDRI) has developed Bulaquine (BQ). BQ [CDRI compound
80/53, 3_[1-[4-[(6-methoxy-8-quinolinyl) amino] pentylamino] ethylidene] dihydro-
2(3H) furanone, an analogue of PQ, is a potent anti-malarial agent. It is safer than PQ
and causes only 1/3" as much as methemoglobinemia [164-166]. It has shown
curative and casual prophylactic activities against sporozite-induced P. cyanomolgi
infection in rhesus monkeys and is also safe in subacute toxicity studies in rats and
rhesus monkeys with no teratogenic action [167, 168].

A report on HPLC-UV determination of BQ and PQ in rat plasma has been
published [169]. The reported method required some modifications under present
laboratory conditions. Therefore, a new LC-UV method was developed and validated
for the simultaneous detection of BQ and PQ in rabbit plasma for application to
pharmacokinetic studies. With this method, BQ and PQ levels could not be detected
for sufficient period and thus a more sensitive and selective method using LC-MS-MS
was developed for generation of realistic PK parameters.

Considering the promising results of BQ at the pharmacological level, its pre
clinical pharmacokinetic studies (in vitro and in vivo) were planned in various species
so as to determine its bioavailability and study the species similarities and differences
and promote the drug for further development. As a requisite of drug development
process, the studies on systemic bioavailability, protein binding, and whole blood

partitioning studies were undertaken in rats, rabbit and monkeys. Urinary and fecal
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excretion studies were planned in rats to establish the amount of unchanged BQ and
PQ excreted in urine and feces. These studies are detailed separately in chapters 3
and 4. The structures of BQ, PQ and their internal standards 3-bromo bulaquine (3-

BBQ) and 3-bromo primaquine (3-BPQ) are given in Figure 1.3.1.
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Figure 1.3.1 Chemical structures of BQ, PQ, 3-BBQ and 3-BPQ
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CHAPTER 2

BIOANALYTICAL METHOD (S):
DEVELOPMENT AND
VALIDATION
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2.1 Introduction

Analytical methods e s £ .
e meldbalites i B fnployad for the quantitative determination of drugs
. ) cs in biological samples are the key determi : e
llcpl-odumblc and reliable data which in turn play a significant ‘:311.15 in generating
interpretation of bioavailability, bioequivalence and [:K o [:O e in evaluation and
all . . ¢ . - ; :
validation of an analytical procedure is to demonstrate that ii is Th‘" O:JCC“VC y
suitable for the

intended purpose is es i
purpose and 1S essential to employ well characterized f
zed and fully valid:
idated

analytice . ; i :
ytical methods to yield reliable results which can be satisfactoril
atisfactorily interpr
eted.

There h:
1ave Y p - ~ 1 :
ave been many reports, which discuss the validation of bioanalyti
analytical metl
10ds

in detail highlighting the major points and criteria employed [2-6]

2.2 Bioanalytical Method Validation

['he COI]CCI]II'atiOIl time data fadrug or its olite
-~ ald 0 d O lt ]]]e[ab i 1 i
lites in biologic
g1 al S'dmp[eq

are the basis of all PK endeavors [7].

loy selective separation of the dru
estimation of different component

s. HPLC cou ;

pled with

The most commonly used bioanalytical

techniques emp l
| g and its metabolites from biomatrix

followed by simultaneous

UV or fluorimetric detection forms S
The popularity of the technique is largely due to tl
1€

ignificant inroads into the therapeutic dru
o

monitoring and PK studies [8]-

recise estimation specificity sensitivity, and versatility i
2 7 ; satility in the vari

variety of

accurate and p
Je phase, extensive library of column packings and detecti
tection

modes of operation, mobli

systems available for analysis.
knowledge about the dru

solubility, pKa, Log P, stability at various pH

The rational selection and development of a
I assay

g to be analyzed in terms of its

method require special
properties like,
electrochemica]
1 case of mass spectrometric analysis [8]. All these

physicochemical
characteristics  a e d

nd ionizati
lon and

absorption, fluorimetric,

Charactcristics i
liquid chromatogra
h a suitable extraction solvent i
nt e e

is a prerequisite in

fragmentation
phy with appropriate selection of stationa
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parameters coupled O
phase along wit

development of any bioanalyticai I
technique of HPLC with UV or fluorescence detection has been the mainstay f
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nethod.  Although, for the past 20 years
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However, there is a signi
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gical Samp]e
metry (MS) which is renowned for its sensitivit d
vity an
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f mass spectro

the advent o
methods ba
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mass spectrometry (LC-MS-MS) can rapidly establish and determine low level of
drugs and their metabolites in biological fluids [9]. Development of the atmospheric
pressure 1on sources, such as electrospray and atmospheric pressure chemical
1onization has added liquid chromatography-mass spectrometry (LC-MS) to the list of
present day's bioanalytical techniques, which have become indispensable for rapid
and scnsitive determination of pharmaceuticals in biological fluids. LC-MS-MS
analysis offers high specificity and speed. good precision and accuracy, a wide
dynamic range, high sensitivity and applicability to almost every type of compound.
Though there are some prerequisites, which are to be considered while developing a
quantitative liquid chromatographic mass spectrometric method of which choice of
buffer, organic solvents, pH, sample preparation and matrix suppression are of prime

Importance.
It is recognized that analytical methods and techniques are constantly

undergoing changes, improvements and in many instances they are at the cutting edge
C ’

of the technology [10]. Each analytical technique has its own characteristics, which

: moreover the appropriateness of the technique may
vary from analyte to analyte, and 1

be influenced by the ultimate objective of the study. Despite these widespread

| i technology, the need for clearly defined validation criteria for bioanalytical

changes in gys . . o
thod intended for analysis of drug and/or metabolite(s) in each separate biological

method inten ¢ .

It is accepted that during the course of a typical drug

matrix still remains. |
a defined bioanalytical method will undergo many

development programme, _ : . L
hich are required to support specific studies and will require different
1ch

modifications, w

levels of validation to demon

[10].

strate continually the validity of an assay’s performance

of Bioanalytical Method Validation

2.3 Components |
ent that at least the following parameters should be

There is a general agreem o
itative procedures: selectivity, calibration model, freeze-thaw
evaluated for quantia

et and
stability, accuracy, precision; . : o
uated, include limit of detection, recovery, reproducibility

limit of quantification. Additional parameters,

which might have to be eval

2171
and ruggedness/robustness [11-17]
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2.3.1 Calibration Model, Linearity and Range
! An important aspect to be considered in assay validation is the appropriate

calibration model, to define the concentration of the analytes in mobile phase and

biological matrices versus the detector response. The current practice to select the

model is by analyzing the replicate samples of calibration standards, prior to

validation, and treat the data through different transformations and weighting

schemes. Previous experiences show that the calibration model should be chosen

only after analyzing all validation samples so that one does not over-/under-estimate

the concentrations of the analytes in unknown samples during PK studies [18]. The

linearity of an analytical procedure is its ability (within a given range) to obtain test

irectly proportional to the concentration of analyte(s) in the sample.

the establishment of linearity at least 5-8

results which are d
Furthermore, it 18 stated that for
evels should be studied for linear and may be more for nonlinear

concentration |
¢ of analytical procedure is the interval between the upper

relationships [9]. The rang

and lower concentrations of analyte int
ocedure has a suitable level of

ly derived from lincarity studies and depends on the

he sample for which it has been demonstrated

that the analytical pr precision, accuracy, and linearity.

The specified range is normal
tion of the procedure.

ovides an acceptable degree of I

[t is established by confirming that the

intended applica
nearity, accuracy and

analytical procedure P

1 applied 10 samples ¢

precision whet ontaining amounts of analyte within or at the
d range of the analytical procedure.

extremes of the specifi€

Selectivity

2.3.2  Specificity 07
ity to assess unequivocally the analyte in the presence of

is the abil

may be €xpec

Specificity
ted to be present. Typically, these include

components, which
matrix, €tc. The requirements established by conference

ot six different sources of blank matrices to establish

ew on when a method should be regarded to

impurities, degradents,
to analyze at lea
re two points of vi
plish method selectivity is to prove lack of response in

report demands
specificity [6]. There @

be selective; one way t0 esta
nd the other is b
ecision and bias remains within certain acceptable limits.

. ased on the assumption that small interferences
the drug free matrix @

can be accepted as long @3 pr
vity experimcnt
e with the second ap
experiments during the main validation phase. In the

g for the first approach can be performed during a

Whereas, the selecti
proach are usually performed together

pre-validation phase, thos

with the precision and accuracy



casc of LC-MS-MS based procedures, it is essential that appropriate steps be taken to
cnsure the lack of matrix effect(s) throughout the application of the method,

especially if the nature of the matrix changes from that used during initial method

validation.

2.3.3  Limit of Quantitation and Detection

The limit of detection (LOD) of an individual analytical procedure is the
lowest amount of the analyte in the sample, which can be detected but not necessarily
quantitated as an exact value. In terms of (signal to noise) S/N ratio, a value of
greater than or equal to 3 has been used to define LOD. A sample concentration

which shows an S/N ratio = 10 and simultaneously be estimated with desired level of

precision and accuracy (< 20% deviation at lowest concentration) is known as limit of

quantification (LOQ).

2.3.4  Accuracy and Precision
Accuracy is defined as the nearness of the calculated concentration to the

spiked one while precision deals with the repetitiveness of the calculated

concentration. It is established ata minimum of three concentrations, in replicates, of
the quality control (QC) samples (low, medium and high). Intra- and inter-batch

4 < determined by calculating the %bias from the theoretical concentration
accuracy 1
using the following equation: |
Observed concentration - Nominal concentration <100
%Bias = Nominal concentration

d intra-batch precision In terms of relative standard deviation (%
Inter- and mtra- _ .
subjecting the data to one way analysis of variance (ANOVA).

RSD) is obtained by

The acceptance criteria for the me |
at LOQ, where it should not deviate by more than + 20%.

an value of accuracy should be within + 15% of the

theoretical value except .
Jue should not exceed 15% coefficient of variation

va
The precision around the mear O
Q where it should not exceed 20%.

(% CV), except for LO
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2.3.5  Extraction Recovery
Extraction Recovery is calculated (at the concentration of the QC samples) by
the comparison of the analyte response after sample work up with the response of the

solution containing the analyte at the theoretical maximum concentration

2.3.6  Stability Studies
Stability is defined as the chemical stability of an analyte in a given matrix

under specific conditions for given period of time. Long-term stability of the analyte
in the sample matrix should be established under the storage conditions. As samples
are often frozen and thawed as in case of reanalysis, the stability of the analyte during

several freeze-thaw cycles should be evaluated and is to be done minimum at two

levels in triplicate [13-15].

2.3.7 Robustness
The robustness of the analytical procedure is a measure of its capacity to

remain unaffected by small, but deliberate variations in method parameters and
provides an indication of its reliability during normal usage. In case of liquid

chromatography examples of typical variations are: influence of variation of pH in the
mobile phase, influence in variation of the mobile phase compositions, different
b

columns, temperature, flow rate, cic.
nalytical data using chromatographic methods has evolved

Acquisition of a
and electronic  integrators to computers with sophisticated

from mechanical
he beginning and the end of chromatographic peaks and to

algorithms to identify t
These computerized data systems vary from simple

draw appropriate baselines.

ery large laboratory information management systems (LIMS)

personal computers to Vv

[19].
The development and validation of assay method for simultaneous
determination of BQ and PQ W

| candidate. Thus,
(20} Furthermore, a highly sensitive and selective LC-

as necessary to generate the pre-clinical data for BQ as
a potential antimalaria an HPLC-UV assay method in rabbit plasma
was developed and validated

MS-MS method for simultaneous dete ! |
and validated in monkey plasma [21], which was further partially validated [10] in rat

at rabbit and
and in vitro studies.

rmination of BQ and PQ was also developed

and rabbit plasma; T monkey whole blood; rat urine and feces for
rabbit plasma;

application to various 7 vivo
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2.4 Experimental
2.4.1 DMaterials

Pure reference standard of BQ was obtained from Pharmaceutics Division of
CDRI, Lucknow, India. PQ diphosphate and dimethy! octylamine (DMOA) were
procured from Aldrich chemicals (USA). 3-BPQ diphosphate was obtained as a
generous gift from Prof. James D. McChesney of the University of Mississippi. USA
and 3-BBQ was obtained from Chemical Technology Division of CDRI. Hexane and
cthyl acetate, HPLC-grade, UltimAR™, were obtained from Mallinckrodt Baker Inc..
Kentucky, USA. Acetonitrile (ACN, HPLC-grade), GR grade ammonia solution,
glacial acetic acid and ammonium acetate were obtained from E Merck Ltd., Mumbai,

India. Isopropyl alcohol (IPA, HPLC-grade) was procured from Thomas Bakers

(Chemicals) Limited, Mumbai, India.
procured from s.d. Fine Chemicals Ltd, Mumbai, India. Purified water was obtained

system. Heparin sodium for injection (Beparine®, 5000 IU/ml;

AR grade sodium chloride (NaCl) was

from MilliQ
Biological Evans Ltd., Hyderabad, India) was appropriately diluted with saline and
g dl Bvé & s

was used to collect whole blood.
D free heparinised rat rabbit and monkey whole blood was obtained from
rug-free he ) |
Yo healthy male Sprague Dawley rats, rabbits and rhesus monkeys, respectively,
ung, hea c

al Services Division of CDRI. Drug-free heparinised

housed in the Laboratory Anim ' e
f all the respective species was obtained by centrifuging the whole
of a

plasma pool
blood at 2000 rpm fo

was separately pooled an

10 min and separating the supernatant (plasma). The plasma
1" [¢

d stored at -60°C. Drug-free rat urine and feces pool was

; Dawley rats appropriately housed in
the male Sprague
generated separately from

metabolic cages.

aphi tion Conditions
4.2 -aphic and Instrumenta
2.4.2  Liquid Chromatograp

: System I .
2.4.2.1 HPLC-UV (Sy consisted of a LC-10ATvp pump with SCL 10Avp system
The HPLC system

; ith flow control valve system FCV-10ALvp (
. equlpped wi
controller (Shimadzu, Japan)

i syringe loading injector (Rheodyne, Cotati. USA)
: ] 71251 syringe
Shimadzu, Japan). A Mode

4 out on 40 Spheri-5 cyano column (5 um, 220 x 4.6 mm, id)
. at 0 .

paration was carmie lumn packed with the same material (5 um, 30 x 4.6 mm, id)
Coupled with a guard cold

SA). The optimum separation of BQ, PQ and
S fOI'd, IL’ U
(Pierce Chemical Co., Rock
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the internal standard (3-BPQ) from the endogenous plasma component was achieved
using the gradient elution at a flow rate of 1.0 ml/min [20]. The cluents were
monitored using an SPD-10Avp UV-VIS detector set at 261 nm and the
chromatograms were integrated using Class-VP software (Shimadzu, Japan). The
chromatography was carried out at ambient temperature and HPLC system was

equilibrated for approximately 30 min at before the commencement for analysis.

2.4.2.2 HPLC-MS-MS (System II)
A Jasco PU980 intelligent pump was used to deliver a premixed mobile phase

(ACN: 20 mM ammonium acetate buffer, pH 6) 50:50 %v/v, at a flow rate of |

ml/min. The mobile phase was degassed for 20 min in an ultrasonic bath (Bransonic

Equipment ~Company, Shelton, USA) prior to the analysis.

Cleaning
s were achieved on two spheri-5 cyano columns (each 5

Chromatographic separation
um, 30 mm x 4.6 mm i.d.) connected in series using a stainless steel connector. The
samples were injected through manual injector model 7125 syringe loading injector

(Rheodyne, Cotati, USA) fitted with a fixed 20 pl loop. Automated data acquisition

was triggered using cont
Jlit such that one-tenth was injected onto the ESI interface. The

act closure signals of the manual injector. The effluent from

the column was sj
Micromass Quattro 1l (Micromass, Manchester, LK) Triple’ Quadrupole Mass

ated using a standard ESI source in positive ion mode. Data

Spectrometer was Oper
s were performed using Mass Lynx (version 3.3) software.

acquisition and analysi
parameters, approximately equimolar solutions of

For optimization of MS
cach analyte were prepared in the HPLC mobile phase. Nitrogen gas was used as
(10 L/h) and s drying gas (250 L/h). Cone voltages were

both nebulizing gas
yte by performing full scan acquisitions. The source
nd the ESI capillary at 3.5 kv. LC-SIR (selective ion

erformed by constant infusion of the mixture of

optimized for each anal
0
temperature was set at 80°C, a

recording)-MS optimizations were p
ision pump (Model 6, Harvard Apparatus, USA). The cone

analytes using infl .
e. nebulizing and dry gas conditions were kept at default

voltages, capillary voltag
ater-channel delay were 1.0 and 0.02 sec, respectively,

values. The dwell time and
with a span of 0.2 Da. SIR masse

and 338 for BQ, PQ, 3.BBQ and 3-BPQ, res
for t] ‘ve analytes WErC set for the MS-MS experiments with argon as the
or the respective a

s used for quantification were m/z 370, 260, 448

pectively. The optimized cone voltages

10~ millibars. Collision energies (CEs) for
collision gas at a pressure oF i & gies (€59
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[ragmentation of precursor to product ions were optimized by constant infusion. The
CEs for ecach of the analytes was optimized to obtain the most intense precursor (o

product ion transitions. MS-MS acquisition was performed by setting the mass of the

analytes with an appropriate scan range.
For the optimization of LC-MRM (multiple reaction monitoring)-MS-MS, the

source settings obtained above were utilized. Temperature, nebulizing and drying gas

= Sl
conditions were optimized by repetitive on column injections of the analytes using the
optimized LC method. The sum of the responses obtained for the two intense

transitions for both BQ and PQ were considered for quantitation and method

validation [21].

2.4.3 Mobile Phase Conditions

2.4.3.1 HPLC-UV (System I)
Ammonium acetate buffer (50 mM, pH 6.0) was prepared by dissolving 3.85 g

acetate in 1 L MilliQ water and the pH was adjusted to 6.0 with ammonia

ammonium
1a 0.22 p filter paper before use. ACN was

solution. The buffer was filtered througl
%v/v with 0.1% DMOA (organic modifier) to

mixed with buffer in the ratio 65:35
ammonium acetate buffer (50 mM, pH 6.0) was solvent B.

prepare solvent A while
The gradient started with pump supplying solvents A and B in the ratio 55 and 45%,
respectively. The concentration of the mobile phase component in solvent A
increased linearly to 90% within 15 min followed by stabilization for 2 min and then
decreased to 55% in 19 min an

min. The solvents were degassed i

d then stabilization of 5 min with a total run time of 24
n an ultrasonic bath (Bransonic, CY, USA) for 20

onstitution solution was prepared by mixing

Minutes prior to chromatography. Rec
with ACN in the ratio 50:50 % v/v.

ammonium acetate buffer (50 mM, pH 7.0)

2.4.3.2 HPLC-MS-MS (System I1)
puffer (20 mM, pH 6.0) was prepared by dissolving 1.5 g

Ammonium acetate o '
MilliQ water and adjusting the pH to 6.0 with ammonia

ammonjum acetate in 1 litre

tered through a 0.22 p filter paper before use. The mobile

solution. The buffer was fi ' |
phase ared by mixing ACN and buffer in the ratio 50: 50 %v/v.
was prep

ed b
ReCOnstitution solution was prepale‘j
o 50:50 %v/V.

y mixing ACN and ammonium acetate buffer
(20 mM, pH 7) in the rati
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2.44  Method Development and Validation in Rabbit Plasma using System I

(Method A)

To generate preclinical PK data in experimental animals for a drug,
development and validation of a technique for its bioanalysis is a prerequisite. In
most instances, blood (serum or plasma) and urine are the biological fluids that are
investigated for drugs. Therefore, to accomplish the primary objective a selective,
sensitive, accurate and precise HPLC assay method for simultaneous quantitative
determination of BQ and PQ was developed and validated in rabbit plasma. An
internal standard (1S), 3-BPQ was used to achieve better accuracy and precision in the
assay method. The concentration-peak area ratios of both the analytes with IS was
subjected to least-square regression with and without intercept using Microsoft Excel
software (Version 5.0). The concentrations of the analytes from QC and test samples
were interpolated from the standard curve. Mean + SD was calculated from the data

. 0
and %CV was calculated from the ratio of SD to mean. %RSD was calculated by

subjecting the data to ANOVA.

2.4.4.1 Stock Solutions and Analytical Standards.
A 100 pg/ml stock solution of BQ (SS-1) was prepared by dissolving 5 mg of

the compound in 50 ml ACN containing DMOA (0.1%, viv). DMOA was found to be

and in extraction solvent so as to

. : B
a necessary component in stock solution of BQ .
Individual stock solutions containing 100

2
prevent the conversion of BQ to PQ [22]. _ |
3.BPQ were prepared by dissolving appropriate amounts in

s of 3-BPQ (20 and 50 pg/ml) were prepared in ACN.
d with CAN containing DMOA to prepare working
ds of BQ, PQ and IS were prepared by

A detailed scheme for the preparation of

Hg/ml of PQ (SS-2) and
MilliQ water. Working dilution
Varying volumes of SS were dilute

' ; ' andar
dilutions. The combined analytical st

_ o lytes.
using ‘o dilution of the ana '
e the workdng @ d analytical standards (AS) is given in Tables 2.1a and 2.1b,

a

W i arn
orking stocks (WS) on of 3-BPQ is AS and CS was 2500 and 1000 ng/ml

respectively. The concentratl

CSpectively,
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l'able 2.1a Preparation of working stock solutions in method A

, .
| Working Stock Volume of SS (ul) to be | Volume (ml) of ACN
. solution diluted (0.25% DMOA) g.s.
' Code  Conc. (ng/ml) SS-1(BQ) SS-2 (PQ) |
| —ﬁ_‘.f of BQ and PQ |
W | 400 100 100 25
WS 2 800 200 200 75
i_)\"S 3 | 2000 200 200 10
i WS4 | 4000 400 400 10
WS 5 E 8000 800 800 10
WS 6 20000 2000 2000 10
r WS 7 40000 | 4000 4000 10
Table 2.1b Preparation of analytical standards in method A
- Conc. m Volume (ul) of 3- VO““V';:;’] L
Code (ng/ml) of WEto.e BPQ (SO‘,ug/ml) reconstitution
BQ and PQ diluted to be diluted sclution
AS 1 ’TW 500 10 ml
s 10 | 125 ml WS2 | 500 10 ml
AS 3 350 W 500 10 ml
= —WW 500 10 ml
AS S 1000 W 500 10 ml
AS 6 2500 ﬂ 0 1om!
I—

2.4.4.2 Calibration Standards a

Calibration standards Were

with combined working stock sol

- ce
of the organic phase did not €X¢

levels of BQ and PQ, low (QCL,
) were also prepa

(QCH, 1000

solutions into

Samples are described 1

ng/ml

BRb

p. The detailed 8¢
n Tables 7.2aan

utions con

66

nd Quality Control Samples
ppepared by spiking Blank rabbit plasma (BRbP)

d 2.2b respectively.

taining BQ and PQ such that the volume
d 2.5%. Quality control samples at three different
20 ng/ml), medium (QCM, 200 ng/ml) and high
red by spiking with combined working stock

heme of the preparation of calibration and QC




Table 2.2a Preparation of calibration standards in method A

[Todc Conc. (ng/ml) of Yolume:of i3 fo be Volume (ml) of BRbP
BQ and PQ diluted used
CS1 20) 25 nl WS 2 1.0
cs2 | 50 25 ul WS 3 10
#_is.% ‘) 100 25 I WS 4 1.0
CS 4 I 200 25 Wl W85 1.0
CS5 ' 500 25 ul WS 6 1.0
CS6 | 1000 25 ul WS 7 1.0

Table 2.2b Preparation of quality control samples in method A

(__C‘Ode Conc. (ng/ml) of Volume of WS to be Volume (ml) of BRbP
BQ and PQ diluted used
QCL 20 25 ul WS 2 1.0
ocm | 200 | 25 Wl WS 5 1.0
QCH j 25 ul WS 7 1.0

2.4.4.3 Sample Preparation
nt liquid—liquid extraction with

(v/v) with DMOA (0.1% v/v)] was used to isolate the
of blank or spiked rabbit plasma (0.5 ml) in a

A simple and efficie 2 x 3.0 ml of extraction

solvent [n-hexane: IPA, 08:02%

Aliquots

analytes from rabbit plasma.
ith 50 ul of potassium hydroxide (1 M) followed by

10 m] glass tubes was basified W
addition of 25 pl IS (20 pg/mb ¢

with 3.0 ml of extraction solvent fo

o spiked samples. The samples were vortex-mixed

r 1 min and centrifuged at 2000 rpm for 10 min.

conical test tube by snap freezing the aqueous

The organic layer was transferred 0 _
was again extracted with

hase, after thawing,

layer in liquid nitrogen. The aqueous P
organic phases were evaporated to

3.0 ml extraction solvent and the combined
dryness und duced pressure in speed vac concentrator (Savant Instruments Inc,
nder redu

USA). The dry residue was reconstituted in
supematant was inje

200 pl of reconstitution solution, vortex-
cted onto the HPLC system.

Mixed, centrifuged and the
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2.4.4.4 Method Validation

A validation protocol was prepared and all the criteria commonly employed
for the validation of the HPLC methods were assessed. The method was validated in
terms of linearity, specificity, sensitivity, recovery, intra-and Inter-batch accuracy,
precision and freeze-thaw stability studies in spiked plasma samples. Accuracy,

precision and recovery were assessed at three QC levels in triplicates for three

different days.

2.45 Method Development and Validation in Monkey Plasma using System II

(Method B)

It was deemed necessary to develop a more sensitive and selective method for

simultaneous determination of BQ and PQ with low plasma processing volume and

shorter run times to increase the throughput. Therefore, a more sensitive, selective,
dccurate and precise LC-MS-MS for simultaneous quantitati
and validated in monkey plasma to generate the PK

ve determination of BQ

and PQ was developed
3.BBQ and 3-BPQ, the structural analogues of BQ and PQ

Parameters in primates.
s internal standards to account for the variations due to

respectively, were used a
matrix effect, extraction variability and instrument performance.

tical Standards
(100 pg/ml) and 3-BBQ (100 pg/ml) were

amounts into separate volumetric flasks

containing 0.1% DMOA. Stock

2.4.5.1 Stock Solutions and Analy
Individual stock solutions of BQ

Prepared by accurately weighing the required
and dissolving in appropriatc volumes of ACN

solutions of PQ (100 pg/mi) and 3-BPQ (100 ug/ml) w
ck (MWS) solutions of BQ an

s 2 (BQ, 16 pg/ml and PQ, 40 p
10-ml volumetric flasks and

ere prepared in MilliQ water.
Mixed king sto d PQ, MWS 1 (BQ, 5 pg/ml
ixed worki

and PQ, 10 pg/ml) and MW

g/ml) were prepared by

es of stock solutions to
N. MWS 1 and MWS 2 were used for the preparation

on standards, respectively. Combined working
3.BBQ, 5Sug/ml and 3-BPQ, 20 pg/ml) and
g/ml) were prepared in ACN from the

transferring appropriate volum
Making up the volume with AC
of analytical standards and calibrati
Stock solutions of both 158, CWIS 1 (
CWIS 2 (3-BBQ, 2 pg/ml and 3-BPQ, & K

| jate di
"espective stock solutions bY appropriate -
ndards by serial dilutio

Jutions. The detailed scheme for the
n is described in Table 2.3.

Preparation of analytical sta

7~ Q



I'able 2.3 Preparation of analytical standards in method B

’-‘*i~‘-——---_fﬁ... S
' i Conc. (ng/ml) Volume of Volume of

Code E— Standard Reconstitution
; :‘ BQ PQ Solution to be solution
S SR diluted q.s. (ml)
’ : :‘
| AST | 0.98 1.95 I ml of AS 2 I

AS2 | 195 3.90 I mlof AS 3 ' 1
@3 | 3.90 7.81 1 ml of AS 4 |

] mlof AS 5 ]

| AS4 | 7.8l 15.62

L’SS '— I.T.()Z - 31.25 I mlof AS 6 ]
| 5 I ml of AS 7 1

| AS6 | 3123 62.5
AS 7 62.5 125 I mlof AS 8 I
ass | 12 250 I mlof AS 9 !
AS9 250 500 | ml of AS 10 I
Ast0 | s00 1000 | 200 ul of MWSI 18

f each analytical standard to achieve a

50 ul CWIS 1 was spiked to 1.0mlo
and 3-BPQ respectively.

concentration of 250 and 1000 ng/ml for 3-BBQ

2.4.5.2 Calibration Standards and Quality Control Samples
ards were prepared by serial dilution method. First, CS 9 was

ml blank monkey plasma (BMP) with 25 pl of MWS 2.

five different concentration levels were prepared which

Calibration stand
Prepared by spiking 1.0
The elaborate scheme

d in Tables 2.4a and

Quality control samples at
overy, accuracy and precision.

were used in assessment of 1€C
n and QC samples arc describe

of the preparation of calibratio

2.4b respectively.



Table 2 '
able 2.4a Prepar: “calibrat
St reparation of calibration standards in method B

Conc. (ng/ml)

Code Dilution scheme
=== — : - BQ PQ
CS1 - Q
F_( ] 100 ul BMP + 100 ul CS 2 1.56 3.90
l S 2 ) 4 Q
682 100 ] BMP + 100 ul CS 3 3.12 7.81
CS3 ] Q
!l\_u\.-.,, ] 100 pl BMP + 100 pl CS 4 6.25 15.62
;\Lﬂ_ B 100 ul BMP + 100 ul CS 5 12.5 31.25
| CS5 -
g,_a_j_.ﬂ_ﬁg_ 100 ul BMP + 100 pl CS 6 25 62.5
. CSe 100 ul BMP + 100 pl CS 7 50 125
e [
,_RCS_'/L | 100 ul BMP + 100 ul CS 8 100 250
o |
!“———(;E_sil 100 pl BMP + 100 ul CS 9 200 500
| Cs9 | 25 ul of MWS 2 + 1.0 ml BMP 400 | 1000
Fable 2.4p. Preparation of quality control samples in method B
. Conc. (ng/ml) [
QC Sample : .‘ Dilution
[ se | FO
L1 ] 15625 390625 | 200 QCL2+200 il BMP
L2 ) 3125 7.8125 100 ul QCM 1 + 300 pl BMP
| 2
__‘___f\ii_ 12.5 31.25 100 pl QCM 2 + 300 pl BMP
e e
M2 50 125 75 ul QCH + 525 pl BMP
s S L
H 400 1000 25 ul MWS 2+ 1 ml BMP
S ..
2,
4.5.3 Sample Preparation
were transferred into 5 ml tubes

) of plasma (blank or spiked)
CWIS 2 (12.5 pl) was added to spiked sample

[1.0 ml; n-hexane: ethyl acetate: DMOA (90:
xed for 1 min and then

Aliquots (100 pl
and basified with ammonia solution-

a -
"d vortex-mixed. Extraction solvent
d and each tube was vortex-mi

The aqueous layer was snap-frozen in liquid

10-
0: 0.05, %v/v)] was adde

Centye: )
Chtrifuged at 2000 rpm for 10 min.
' . The extraction was

s using Savant

I ) )
®peated and the combined organic layers were evaporated to drynes
econstitution

T R— reconstituted in 150 pl of r
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solution, vortex-mi
. vortex-mixed ¢ it i
tex-mixed and centrifuged. The supernatant was injected onto the LC
: o the LC-

MS system.

2.4.5.4 Method Validation

The method was validated in terms of, lincarity, specificity, sensitivity
recovery, intra- and inter- batch accuracy and precision and freeze-thaw stabilil;f
ere determined at five different quality control

iR vl
curacy, precision and recovery W
ive days. Both BQ and PQ gave two prominent

concentrat; T .
ncentrations levels in triplicate for

r - . " . . 2
product jons during MS-MS experiments and are detailed 1r
ansitions for both BQ and PQ were

1 section 2.5.2. The sum

of the rec . :
the responses obtained for the two intense tr
considered : oy s

nsidered in method validation. The final MRM conditions optimized for the

vali : - 2 ;
alidation of the method are given in Table 2.9,

24.6 Method Validation in Rat plasma (Method C) and Rabbit Plasma
(Method D) using System II

arameters of BQ and PQ were to be generated in rats and

Pharmacokinetic p
efore the HPLC-MS-MS
alidated using rat and rabbit plas
1 of stock solutions, analytical standards,

method developed and validated 1n

rabbits als
s also and ther
ma and then employed

mo A .
nkey plasma was partially v
Preparatio

samples an
described 1n section 2.4.5. The

for . .
pharmacokinetic studies.
d sample preparation; method

Calibrat; .
alibration standards, quality control

were same as

valj - o
lidation criteria and parameters
nearity, sensitivity, specificity, recovery,

‘ - . .
Method was partially validated in terms of i
n at all QC concentrat

els in triplicate for one day.

ions. Accuracy, precision and

intra- .
ra-batch accuracy and precisio

I'tco ;
very were carried out at five QC lev

24.7 Method Validation in Whole Blood of Rat (Method E), Rabbit (Method

F), and Monkey (Method G) usin

The HPLC-MS-MS method for simultane

"as also partially validated in whole blood of rat, rabbit an
UPtake stydies of BQ preparation of stock solutions, analytical standards, calibration

and sample prepar
d in section 2.4.5. The method was partially

g System I
ous determination of BQ and PQ

d monkey for whole blood

ation, method validation criteria

Sta
hdards, quality control samples

and ¥
Parameters were same a5 describe

bbit and monkey whole blood in terms of linearity,

val;
Idated separately in rat, 1@



.; CCi lcll\’ S¢ S1LIV 1 -
P ] s SENS ', TECOVETrY 1 ])l S I 3 b,
J l[]\]l_\_ ccove Y mntra batCh accu acy and CCi iO]] hL, accuracy
W . [ [ .

recisi T vare .
p on and recovery was calculated using five QCs in triplicate for one day

24. / , s
4.8 Method Development and Validation in Rat Urine (Method H) using

Syste

m 1

The HPLC-MS-MS method for simultaneous determination of BQ and PQ

\V’I. artis ralid-: : | 1 :
as partially validated in rat urine and was applied to study excretion of BQ in rats

2.4.8.1 Stock Solutions and Analytical Standards

Indivi

dual stand

ard stock solutions of BQ, PQ, 3-BBQ and 3-BPQ were

Prepared as described in section 2.4.5. Mixed working stock solutions of BQ and PQ,

MWS 3 (BQ, 2.5 pg/ml and PQ, 5 pg/ml) and MWS 4 (BQ, 20 pg/ml and PQ, 40

Hg/ml) were prepared by t
ml volumetric flask and mak

used i ' :
ed in the preparation of an

ransferring appropriate volumes of stock solutions to a 10-
ing up the volume with ACN. MWS 3 and MWS 4 were

alytical standards and calibration standards, respectively.

Combined working stock solutions of ISs, CWIS 3 (3-BBQ, 2 pg/ml and 3-BPQ. 10

Hg/ml) and CWIS 4 (3-BBQ, 0.8

from thejr respective stock solutions by appropriate dilutions.
ards by serial dilution is described in Table 2.5.

fi : :
Or the preparation of analytical stand

Table 2.5 Preparation of analytical stan
S O e
/ml) Volume of Volume of
Cod il s i Standard Reconstitution
- PQ Solution to be solution g.s.
T B diluted )
a1 1.95 3.90 | ml of AS 2 |
\_ . r_—__'__—_—________—_——
AS2 3.90 781 | mlof AS 3 ,
e W T imiorasy |1
83 7.81 15.62 | ml of AS 4 1
e " imioras4 | 1
AS\“ 15.62 %125 ___]_M—'_______L__————
R chninaON Sy
— ASS | 3125 62.5 TmiofAss | U
: | ImlofAS6
| 3125 ] P
- AS6 | 625 125 TmlofAs? | 1
. | imlofAS7
| 625 |
=87 0 1 ml of AS 8 -______]——————“
A 25 |
~Ass | 250 | 0 opMws3 | 2
e

dards in method H

g/ml and 3-BPQ, 4 pg/ml) were prepared in ACN

The detailed scheme




50 "WIS 3 wac enik
ul CWIS 3 was spiked to 1.0 ml of each analytical standard to achieve a

concentration of 100 and 500 ng/ml for 3-BBQ and 3-BPQ, respectively

2 ocon o
2.4.8.2 Calibration Standards and Quality Control Samples

Calibration standards were prepared with serial dilution such that the volume
of the oreanie i . _
f the organic phase did not exceed 2.5% in blank rat urine (BRU). Quality control

samnlec a1 fue i ff _ ‘
nples at five different concentration levels were prepared which were used in

assessment of recovery, accuracy and precision. The detailed scheme of the

preparation of calibration and QC samples are described in Tables 2.6a and 2.6b

respectively.,

able 2.6a Preparation of calibration standards in method H

T
Code | Dilution scheme Conc. (ng/ml)
] BQ PQ
|

cs1 | 100 ul BRU + 100 ul CS 2 390 | 781
— |

CS2 100 pl BRU + 100 ul CS3 7.81 15.62
-—h__‘_“—*—L-—

CS3 100 pl BRU + 100 pl CS 4 15.62 31.25
\—‘—‘_—

CS 4 100 ul BRU + 100 1 €S 5 31.25 62.5
\“__*‘—

CSs 100 ul BRU +100 11 CS 6 62.5 125

CS 6 100 ul BRU + 100 k1 CS 7 125 250

CS 7 100 ul BRU + 100 pl CS 8 250 500
T Css U 500 | 1000

CS § WS 4 + 1.0ml BR
558 | 25 pl of M

Tap]e 2.6b Preparation of quality control samples in method H

. (ng/ml) I
QC Sample | g .(:l_g,,Pa————— Dilution Scheme
i —'_'__'___,__.————'__
RU
Lkz 7.8 ~___1_5_9“__ 50 pl QCM + 350 ul B
' RU
w 62.5 _____1_':2_?__-» 50 ul QCH + 350 pl B
' WS 4+ 1 ml BRU
~liehay | 500 /@L/M



2.4 )
-8.3 Sample Preparation
Aliquots (50 “url
" | (50 ul) of urine samples (blank or spiked) were transferred in 5 ml
s and 50 ul of Milli B mosm
» il of MilliQQ water was added to it. The resulting solution basifi
1th ammonia s ' . e
a solution. CWIS 4 (12.5
. X 2.5 uL) was added to spi
" ! S spiked samples «
I amples and vortex-
. kXtrac solve 5
raction solvent [1.5 ml; n-hexanc: cthyl acetate: DMOA (90: 10: 0.05
: - 10: 0.05, %v/
cach tube was vortex-mixed for I min and then centrifuged at 2000

V)] was added and

pm f‘UI- I () . il C 2
m s " - 1. - wac ] ] I
] 1. IhL d([ll ous |:1,Vt,‘] was frozen 1n ]quld nl.t[-()gen 'lnd l] € orga .C
ayer was Lre I ‘ | .
J : ldnS]C”lKito HﬂOihC' '
I [ch. I]C extraction was P
XlTec as re Cal(‘:d 'md ll i
o :“]i | I d 1€ Comblned
{ h1,1.| Sk . 1 I
¢ C YErs were ¢ \ (lPOf'dth 10 dI'ynCSS using Savanl vacuum concentrator [ €
I.CSidUC ' ]
WwWas i ST . N : 1 i
as reconstitute d n ]OU fJI of I‘Cconslllutlon SOIUliOI] vortex m.Xed
Cn[r”‘ ) -mi )
C U T v » ¢ 1 1
Bbd Llnd ”]L SLII)L’rnﬂ[an[ was ”]JCCth onto ll'lC LC‘MS SYStCm

2,
4.8.4 Method Validation
y validated for 2 single day in terms of linearity

The method was partiall

Sl')cc' el e
ificity, sensitivity, recovery, intra-b
mentioned four different

atch accuracy and precision. The validation

WAs carrie '
S ——— quality control concentration levels
OfB ; ‘ .
Q and PQ in triplicate.
2.4.9
Method Development and Validation in Rat Feces (Method J) using

System I1
Method was developed an neous determination of BQ

and :
PQ in rat feces and then applicd for t

d validated for simulta

he excretion studies of BQ in rats.

alytical Standards.

[utions of BQ, PQ,
ed working stock soO
repared by appropriate d
ml and 3-BPQ, 4 pg/ml) and

prepared by appropriate

3-BBQ and 3-BPQ were
Jutions of BQ and PQ,

2.4.9.1 Stock Solutions and A1

Individual standard stock SO
section 2.4.5. Mix
0 pg/ml) was p
s 5 (3-BBQ, 2 ng/

Q, 32 pg/ml) were
he detailed scheme of

is given In Tables 2.7a an

pre
Pared as described in
ilutions of

WSF

o 6 (BQ, 5 pg/ml and PQ; 1
0ck solutions with ACN. CWI

g/ml and 3-BP

cN. T
dards

preparation of
d 2.7b,

Cw

di] =8 (3-BBQ, 16 K
] .

W Ulions of stock solutions with A
ork: .

tking stock solutions and analytical stan



Table 2 ) i ; i
.7a Preparation of working stock solutions in method J

Code Conc. (ug/ml) Volume of Standard Voéume of
_ | ) . ACN q.s.
L BQ_ |) PQ Solution to be diluted (:11()1 .
 WSFI | 0.5 o031 | I ml of WSF 2 1
. WSF2 0.31 i 0.62 1 ml of WSF 3 1 -
WSF 3 0.62 1.25 | ml of WSF 4 ; B
_ WSF4 | 125 25 | ml of WSF 5 1
| = |
| WSFs | 25 5 | ml of WSF 6 I
S

tical standards n method J

Mrcl)arali()tl of analy
[
. Volume of
. (ng/ml
Code - (nﬂ—)'_'“ Volume of Standard Reconstitution
Solution to be diluted solution q.s.
— BQ PQ gml)
ASF 1 0.98 1.95 | ml of ASF 2 !
T :
ASF 2 1.95 3.90 | ml of ASF 3 1
I — ]
ASF 3 3.90 7.81 | ml of ASF 4 |
| _ASF3 | 390 | "7
ASF 4 7 81 15.62 1 ml of ASF 5 1
| _ASF4 | 781 | 27
ASF 5 15.62 31.25 | ml of ASF 6 1
— | T L
wore oz | s | ez 1 —
e LN , | 625 |
50 pul of CWIS 5 was added to 1.0 ml of cach analytical standard to obtain 2
Concentration of 100 and 200 ng/ml for 3-BBQ and 3-BPQ, respectively.
24.9. Calibration Standards and Quality Control Samples
Calibration standards were prepared by individually spiking drug-free dry
foces powder with working stock solutions in 5 ml glass tubes. These samples Were
he analysis. The scheme for preparation of calibration
d 2.8b,

Prepared immediately before t
| samples is elaborated in Tables 2.8a an

St
andards and quality contro

respectivC]y_
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S

Code
| Spiking s |
] piking scheme | Conc. (ng/50 mg)
Cost | swwsius e | =
s 5 N s SF | to 50 mg of dry feces 39
L~ - 75 e o ' - 18l
o5 .;___g S H] WSF 2 to 50 mg of dry feces 781
e 25 ul WSF 310 50 - £ - 1562
cs4 | o - 0 50 mg of dry feces 15.62
Pt 25 ul WSF 4 ) L i
" g = (o 50 mg of dry feces 31.25 62
| ' - =
&u#_ ) 373 ul WSF 5to 50 mg of dry feces 525
- - 125
I W 125 2
: : 50

Tab]
e 2, ’
8b Preparation of qualit ol st '
q y control samples n method J

\\_-___
Code
I Spiking scheme Conc. (ng/50 mg)
Low : BQ PQ
o | 25 ul WSF | to 50 mg of dry feces 3.9 78]
un < .
\F__]_ 25 ul WSF 4 10 50 mg of dry feces 31.25 62.5
igh - —
e T 25 ul WSF 610 50 mg of dry feces 125 250
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hromatography with RP-1
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seen that increasi 2 .
reasing molarity of the buffer drastically affected the elution and peak
and peak

shape of PQ : :
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2.3 Sample Pre ;
ple Preparation and Matrix Suppression

For Syste o .
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2.5,
4.2.1 Method A and B
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{ lethod H was partially validated for one day
ethod J in fec - :
Jin feces was fully validated for three days
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215b) [10).
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SECTION 2

Excretion Studies in Rats
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SECTION 1

Gastric Stability Studies
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plasma Protein Binding Studies
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Whole Blood Partitioning Studies
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Fveretion Studies in Rats
Following 20 mg/kg oral dose in male SD rats (n=3), BQ was
3 C

insignificantly detected in urin (0.00074% of administered dose) and could not be

detected in feces samples till 60 h post dose. The excretion of BQ in urine was
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conditions as antimalarial drugs arc known to have increased RBC uptake during

malara.

Conclusions
Hence. from the above studies it can be concluded that the absorption of BQ is

rapid in all the species with Cynax Teaching within 15 min. Thus, in vivo it is converted

{0 its analogue PQ in significant amount, which is different in different species. It has

very low hioavailability and is highly unstable in acidic pH, which could be the

reason of its very low bioavailability. RBCs may also play a role in metabolism of

BQ to PQ. The excretion of BQ in rats is insignificant and is mainly in the form of its

Q. The protein bindin
¢ blood uptake was lower but instantaneous in rats, rabbits

metabolite P g of BQ was found to be moderate (55-65%) in all

the three spccics. The whol

and monkeys.



