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Abstract

Background and objective—There are several reports of sub-standard and counterfeit
antimalarial drugs circulating in the markets of developing countries; we aimed to review the
literature for the African continent.

Methods—A search was conducted in PUbMED in English using the medical subject headings
(MeSH) terms: “Antimalarials/analysis”[MeSH] OR “Antimalarials/standards”’[MeSH] AND
“Africa”[MeSH]” to include articles published up to and including 26/02/07. Data were
augmented with reports on the quality of antimalarial drugs in Africa obtained from colleagues in
the World Health Organization. We summarised the data under the following themes: content and
dissolution; relative bioavalability of antimalarial products; antimalarial stability and shelf life;
general tests on pharmaceutical dosage forms; and the presence of degradation or unidentifiable
impurities in formulations.

Results and discussion—The search yielded 21 relevant peer-reviewed articles and three
reports on the quality of antimalarial drugs in Africa. The literature was varied in the quality and
breadth of data presented, with most bioavailability studies poorly designed and executed. The
review highlights the common finding in drug quality studies that 1) most antimalarial products
pass the basic tests for pharmaceutical dosage forms, such as the uniformity of weight for tablets
2) most antimalarial drugs pass the content test 3) /n vitro product dissolution is the main problem
area where most drugs fail to meet required pharmacopoeial specifications, especially with regard
to sulfadoxine-pyrimethamine products. In addition, there are worryingly high quality failure rates
for artemisinin monotherapies such as dihydroartemisin (DHA); for instance all five DHA
sampled products in one study in Nairobi, Kenya, were reported to have failed the requisite tests.

Conclusions—There is an urgent need to strengthen pharmaceutical management systems such
as post-marketing surveillance and the broader health systems in Africa to ensure populations in
the continent have access to antimalarial drugs that are safe, of the highest quality standards and
that retain their integrity throughout the distribution chain through adequate enforcement of
existing legislation and enactment of new ones if necessary, and provision of the necessary
resources for drug quality assurance.
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INTRODUCTION AND BACKGROUND

Safety, quality, and efficacy of medicines are the three most important criteria used by
governments to regulate pharmaceuticals (1). Quality of drugs is especially important and is
one of the earliest to come under government scrutiny (2). In England for instance, although
product adulteration was banned as early as 1,316 (3), drug efficacy and safety only became
an issue in England and in other European countries after the thalidomide tragedy of the late
1950s (4).

Malaria is a major cause of morbidity and mortality worldwide (5). The most lethal form of
the malaria parasite, Plasmodium falciparum, is prevalent in sub-Saharan Africa (SSA),
infecting some 365 million people in the continent annually, mostly women and children
below the age of five (6). Most people who present with malaria fever self-medicate, mostly
with shop-bought antipyretic and antimalarial drugs (7), hence, the average African child
will likely use antimalarial drugs at least four times in a year (8). The burden of malaria in
Africa is exacerbated by the rapid emergence of drug resistance (9), with most countries
changing policy often. Kenya, for instance, changed its first-line drug policy against malaria
twice in the last decade (10, 11). Currently, the artemisinin-based combination therapies
(ACTs) are the recommended first-line drugs for treatment of uncomplicated malaria in
most of SSA, although they cost at least ten times more compared to previously available
monotherapies which are no longer effective. Thus, deployment of ACTSs requires external
support (12).

The global problem of drug quality

About 15% of all drugs in circulation worldwide are believed to be counterfeit, with the
figures rising to as high as 50% in some parts of Africa and Asia (13). Counterfeit ranitidine
(anti-ulcer drug) and tadalafil (anti-impotence drug) have been reported in the United
Kingdom in 1994 and 2004 respectively (14); sub-standard thyroxine has also been reported
in the United States (15), but such reports are usually sporadic and not commonplace. It is
largely acknowledged that sub-standard and counterfeit drugs is a problem of the developing
world (16, 17).

For diseases like malaria where progression from mild to severe disease is rapid, especially
in young children (18), giving drugs with little or no active ingredient has been said to be
“tantamount to murder” (19, 20). Giving drugs with no active ingredient or with the wrong
active ingredients means the patient will not be cured of malaria and there is a good chance
such a patient will die. Giving patients antimalarial drugs with sub-therapeutic levels of the
drug means drug-resistant parasites will be selected in a given population. This, in turn,
means a switch to using newer and more expensive drugs. In SSA therefore, a balance has to
be struck between the need to make affordable antimalarials available close to where the
majority of the people live, and ensuring that in the process the quality of the drugs is not
compromised.

General drug quality tests

There are many indicators of drug quality which are described in the literature. Some of
these can be performed at facilities with modest infrastructure while others require more
substantial investment. They can broadly be classified as a) physical tests that include visual
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inspection, b) chemical tests for content of active ingredients and impurities under normal
and simulated storage conditions, ¢) /n vitro disintegration and dissolution tests and d) /in
vivo bioavailability studies. Thus, physical tests may include tests done on liquid, semi-solid
and solid pharmaceutical dosage forms. For instance, for tablets, uniformity of weight,
friability (how well a tablet holds under normal conditions of transportation, measured by
the proportion of the tablet that is lost as powder), tablet hardness, and so on, can all be
carried out as part of the quality tests (21).

Conventionally, drug quality tests are performed using procedures outlined in official
monographs such as the European, British and the United States Pharmacopoeia (USP).
Such monographs state the most basic aspects of drug quality that need to be assessed for a
particular drug and formulation, and the criteria to be used in the assessment (22, 23). For
instance, the test for content determines the amount of active ingredient in a product, which
is expressed as a percentage of the label claim, while the dissolution test determines the
amount of active ingredient that is released from the dosage form and available for
absorption, and is used as surrogate marker of /n7 vivo bioavailability for oral dosage forms
containing poorly aqueous-soluble drugs such as sulfadoxine-pyrimethamine (24). Other
tests for quality which have been reported in the literature reviewed here are briefly
described below.

Stability tests and product shelf life—Stability tests are performed as part of the
quality assessment of a drug product when stored under specified conditions of temperature
and moisture. They assess the ability of a drug product to remain stable with reference to
identity, strength and purity throughout its stated shelf life (25). Stability studies are
designed to test the integrity of the active ingredients under a range of conditions that mimic
what would be expected during transportation, storage, handling, and use. Specifications for
testing the stability of medicines have been standardised over the years for the purpose of
regulatory approval under the auspices of the International Conference on Harmonization
(ICH).There are currently three broad categories of stability studies: long term, intermediate
and accelerated stability studies.

Under current ICH guidelines, long term and intermediate stability studies are carried out
under the temperature of intended storage of the drug product and the active ingredients and
degradation products quantified every 3 months. Studies should cover a minimum of 12 and
6 months respectively and the data is submitted to regulatory authorities, together with a
schedule of when other submissions will be made post-registration for the labeled shelf life
of the drug (26). However, more common is the accelerated stability studies where the drug
products are subjected to elevated temperatures and humidity for 6 months. Data from the 6-
month period are extrapolated using computer programmes that take into consideration the
intended range of storage conditions for the given product. A minimum of three batches are
analysed and the data pooled to give the estimated product shelf life. Statistical tests of
heterogeneity are used to determine if the results from the test batches can be pooled or if
more tests need to be done to give a better estimate of shelf life (27). The shelf life is then
estimated as the time it takes for the drug product to lose 10% of the active ingredient.

Bioavailability—Bioavailability studies are important with regard to generic drugs of
multiple origins. They are important, for example, for drugs with limited aqueous solubility
that can lead to erratic, incomplete and unpredictable absorption profiles. But they are
comparatively more expensive to plan and execute. For purposes of this review, the
following definitions and brief descriptions of experimental design and data analysis
methods are helpful in understanding the basis for the comments made regarding some of
the studies reviewed in this paper:
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Bioavailability: This is a measure of the rate and extent of availability of drug in systemic
circulation. The extent of bioavailability is determined from the area under the plasma/blood
drug concentration-time profile (AUC) while rafe of bioavailability is determined from the
peak drug concentrations achieved (Cpax) and the corresponding times (Tmax). Absolute
bioavailability is a measure of bioavailability of a product administered extravascularly
compared to a reference product administered intravenously. Relative bioavailability is a
measure of the bioavailability from one (test) product with reference to a standard product
administered via the same (extravascular) route.

Bioequivalent products: These are products of the same dosage form containing the same
drug, and that show no difference (using statistical methods described below) in
bioavailability. They are usually assumed to be therapeutic equivalents, i.e., show the same
therapeutic effect(s).

Design of bicavailability studies. In brief, bioavailability studies involve healthy subjects
(usually 24) who receive the test and reference products according to a balanced, cross over
study design (i.e., each subject acts as their own control) with a suitable “wash-out” period
in between the treatments. If the terminal elimination half-life of the drug is too long (a
wash-out period should be equivalent or longer that 6 half-lifes) as may be the case with
certain antimalarial drugs, then a parallel study design (in which each subject receives just
one product) is preferred.

Statistical analysisin bioequivalence studies: For bioavailability studies, it is not enough
to simply demonstrate statistically significant difference between mean bioavailability
parameters for two products, but also to be able to state whether such difference is likely to
be clinically significant. A two or one-sided t-Test is usually used to determine if mean
AUC and Cp,,x for test and reference products are comparable (28). The two products are
judged to be bioequivalent if the 90% confidence interval for the difference between the log-
transformed AUC and C,ax for the test and reference products falls between 80-125% of the
mean for the reference product for each product. For this comparison, T nax iS not used as it
has proved too variable (28)

LITERATURE REVIEW

We searched PUbMED in English for relevant articles on antimalarial drug quality in Africa
to include articles published up to and including 26/02/2007. Appropriate medical subject
headings (MeSH) were built from the word “antimalarials” and “Africa” by restricting sub-
headings under the word “antimalarials” to the nearest MeSH connotations of antimalarial
drug quality (“standards” or “analysis”):

“Antimalarials/analysis”’[MeSH] OR “Antimalarials/standards”[MeSH] AND
“Africa”’[MeSH] ”

MeSH terms are a controlled set of vocabulary used to index articles in the United States
National Library of Medicine’s MEDLINE/PubMED. They provide a consistent way of
retrieving information on the same subject area regardless of the key words used in the
submitted articles. This search strategy yielded 95 references; 11 of these were primary
investigations of antimalarial drug quality in Africa and were therefore deemed relevant (16,
24, 29-37); the rest of the articles contained some of the MeSH terms used in the search, but
were mostly on other areas of malaria therapeutics or did not involve primary work on
antimalarial drug quality in the continent. Cross-referencing of the 11 key articles yielded a
further 11 Africa-specific references (38-48). In addition, we contacted colleagues at the
World Health Organization (WHO), Geneva and also at WHQO’s Regional Office for Africa
(AFRO) for any grey literature on antimalarial drug quality in the continent. This yielded 2
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WHO reports that investigated antimalarial drug quality in several African countries (49, 50)
and one report from Senegal by the United States Pharmacopoeia Drug Quality and
Information Program (USPDQI). We have also used other search strategies using
combinations of such connotations of drug quality as “content”, “dissolution”, “expiry”
“counterfeit”, sub-standard”, “fake”, “stability”, “GMP”, together with *“antimalarial” and
“Africa”, but none of these provided better results than the MeSH strategy outlined above.

We have excluded studies that retrospectively analysed accumulated data. For instance the
University of Nairobi’s Drug Analysis and Research Unit (DARU) in Kenya has been
reporting on summaries of its findings including the quality of antimalarial drugs in the
country (51-56). This exclusion criteria was based on the fact that samples are submitted to
DARU by a wide variety of clients, ranging from those who suspect that the product of
interest is of poor quality (e.g. in medico-legal cases) to those who seek first-time
registration for a new product intended for the Kenyan market; therefore such samples are
unrepresentative of the true picture of a particular drug’s quality in a given area and across
time. In addition, one article describing work that did not use the conventional laboratory
methods or monographs but which used simple colour reactions to determine drug quality,
was excluded (57). Further, a Nigerian study (36) was excluded from subsequent analysis
because there were no details provided as to what tests were done on sampled chloroquine
(CQ) tablets, the results of tests conducted, no were any contact details provided to enable
information to be obtained from the authors.

The papers reviewed differ both in their scope (number of tests done on the samples) and
breadth (the details of the analytical results reported) and are therefore of varying quality.
The review also identified five /n vivo bioavailability studies.

General tests on pharmaceutical dosage forms

Only three studies reported on general tests done for a given pharmaceutical dosage form.
Hebron et a/ (29) in Tanzania and Odeniyi et a/ (41) in Nigeria tested sulfadoxine-
pyrimethamine (SP) tablet brands for uniformity of weight, tablet harness, friability and
tablet disintegration time. In the Nigerian study, all test samples passed all tests except the
friability test. Of 8 SP brands, 5 passed this test and 3 did not. In the Nigeria study, of 15 SP
samples (representing different batches of 11 brands), all samples passed the uniformity of
weight test, 12 passed the tablet hardness test and 14 the friability and disintegration tests.
Gaudiano et al tested quinine (QN), CQ and mefloquine (MEF) tablets sampled from
Angola, Burundi and the Democratic Republic of Congo(37) for uniformity of weight and
disintegration time; only 1 out of 10 QN sampled failed the weight uniformity test and all
samples tested, passed disintegration test.

Content and dissolution

Figures 1 and 2 present content and dissolution data (the two most commonly reported tests)
for the papers reviewed. The figures show the proportion of samples analysed (in any one
study) that passed content or dissolution. For multi-country studies, each country and each
antimalarial drug class was considered as a study of its own to enable meaningful grouping
per country and per drug class. Of the studies reviewed, 48 reported on content and 30 on
dissolution profiles of antimalarial drug products across different countries, years and drug
classes. One of the goals of the Roll Back Malaria initiative, which has been incorporated
into national malaria control programmes such as Kenya’s, is that 80% of antimalarial
products should be of internationally acceptable standards of quality. We have used this
framework in order to make sense of the data since these are international targets that are
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directly comparable across time and settings. Using this framework (or 80% cut-off), it is
apparent from our results that drug content is less of a problem than the other parameters
studied (Figure 1). In 31 of the studies the majority (> 80%) of samples analysed had the
right amount of the active ingredient. This was true for SP, QN, proguanil (PRO) and
mefloquine (MEF). The picture is very different for CQ; only in 7 of 19 studies involving
CQ were the majority (> 80%) of samples analysed found to be within the limits for CQ
content. There were 30 studies which reported on the dissolution of the tablet form analysed.
In general, most antimalarial solid drug products, especially those containing SP have been
found to have problems of dissolution but not content of the active ingredient (24, 38, 46).
Consistent with this, the review showed that overall, of the 30 studies reporting on
dissolution, only in 14 studies were 80% of the samples analysed within the pharmacopoeial
specifications. Most of these 14 studies involved CQ, AQ and QN. Of 14 studies involving
SP, only 3 were 80% of samples analysed within the pharmacopaeial specifications of >60%
of sulfadoxine and pyrimethamine released within the dissolution medium in 30 minutes
(Figure 2). Most of the SP samples which failed the dissolution test as reported in the
various studies did so with respect to the pyrimethamine component.

With regard to artemisinin-containing products, there is only one published primary article
on the quality of the artemisinins in Africa within our review window. Atemnkeng et a/ (48)
sampled 23 artemisinin monotherapy products (tablets, dry powder suspensions, soft gelatin
capsules and injections) from pharmacies in Nairobi, Kenya and Bukavu, the Democratic
Republic of Congo (DR Congo). In some instances only one product of a given drug was
sampled, e.g. one sample each of dihydroartemisinin from Bukavu, DR Congo and of
arteether from Kenya. All five samples of dihydroartemisinin (DHA) products obtained
from Kenya (one tablet formulation and four dry powder suspensions) failed the content test
i.e., contained below or above the requisite 95-105% of the product label claim specified in
the European Pharmacopoeia. Of 7 artemisinin monotherapies sampled from DR Congo,
only one DHA tablet formulation failed the content test. The failure rates for the other
antimalarial products from Kenya were as follows: artemether 20% (1/5), artesunate 25%
(1/4) and arteether 100% (1/1). In addition, three products found in DR Congo and
purportedly manufactured by a company in Belgium (Saphire SPRL) were counterfeits since
such a company was not known to the health authorities in Belgium (48). Two of these
products had the right amount of drug. Hence counterfeit in this context meant “...drugs
deliberately and fraudulently mislabeled with regard to identity and/or source...” as per the
WHO definition.

Bioavailability of antimalarial drugs

A number of studies have compared the bioavailability of antimalarial drugs in the market.
For example, Murphy & Mberu (47) reported the comparative relative biaoavialability of
Falcidin® (Cosmos Industries, Kenya) and Fansidar® (Hoffman La Roche, Switzerland),
two products containing SP, in six healthy male Kenyan volunteers and concluded that the
two products were bioequivalent, even though the design of this study was faulty (too few
subjects and inappropriate statistical analysis of bioavalability data). In another study in
Nigeria, also using six healthy male volunteers, Sowunmi et a/ (45) compared the absolute
bioavailability of three oral salts of QN: 600mg QN sulphate capsule, 600mg QN
dihydrochloride plain tablet and 600mg QN sulphate sugar-coated tablets to that of a
standard 600mg of QN hydrochloride intravenous infusion. They found that the sugar-
coated QN sulphate tablet had no QN, confirming the presence of counterfeit antimalarial
drugs in the Nigerian market. There were no differences in bioavailability with regard to the
other test drugs. But this study can also be faulted on account of using too few subjects. In
the Sudan, Mahmoud et a/ (44) compared the bioavailability of five brands of CQ in 10
healthy male volunteers. The mean Cp,,x Of four of these was similar (three imported
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products and one local product); while one locally manufactured brand was significantly less
bioavailable than the rest when an ANOVA test was conducted. However, regardless of the
statistical differences in Cnax, levels for all brands were well above those required to clear
infection. Two studies in Tanzania have also reported the bioequivalence of antimalarials in
the market. Nsimba et a/ (35) compared a sugar-coated CQ brand with a plain CQ tablet in
20 health male volunteers, and reported that there was no significant difference in the AUC
between the two formulations. In the second Tanzanian study, Rimoy ef a/ (34) did a similar
study comparing the bioavailability of sugar-coated CQ phosphate tablets with that of plain
CQ phosphate tablets in two groups of 10 healthy male volunteers; the authors concluded
that the plain tablet was overall more bioavailable than the sugar-coated one, but both drugs
had attained the required therapeutic plasma level. These studies can be faulted on account
of using the wrong statistical methods to analyse bioavailability parameters.

Residue, degradation products and unidentifiable substances in formulations

Antimalarial

Atemnkeng ef a/ (48) found several unidentifiable peaks in chromatograms of some
arteether injection and DHA dry powder suspensions sampled from pharmacies in Nairobi,
Kenya. Hebron et a/ (29) analysed 11 brands (15 samples) of SP tablets in the Tanzania
market, an impurity, closely related to sulfadoxine, which was barely detectable in the
originator SP product (Fansidar®, Hoffmann La Roche, Switzerland) was present at about
0.5% w/w in all the generic brands, pointing perhaps to poor quality raw materials used in
the manufacture of the affected products.

stability and shelf life

From the literature review there are only three studies in Africa which have looked at the
stability of antimalarial drugs in tropical climates. Ballereau et a/ (39) have shown a CQ
content loss >10% by day 450 (temperature 32-40°C, relative humidity 40-80%) in a rural
area of Burkina Faso. They concluded that the drug was unstable under typical storage
conditions in rural areas of Africa and recommended that CQ be used within one year of
manufacture and not according to the labeled shelf life of three years (39). In a more recent
study, Risha et a/ (38) looked at the stability of four samples of SP from different
manufacturers and seven of CQ over time using accelerated stability testing. The samples
were analysed at time 0, then stored under conditions of relative humidity of 75% + 5% and
temperature of 40°C £ 2°C. At time 0, two of the SP samples (one from Tanzania and one
from India) were below the required standard for dissolution. The dissolution profiles of
these two products deteriorated further with time, but the remaining two products (from
Kenya and Switzerland) retained their integrity even up to the 6" month. All seven CQ
products had passed the dissolution test at time 0, at 3 months one of the samples was below
the required limit and this had gone further by 6 months. At 6 months also, an additional
product had CQ dissolution below the required minimum limit. Using a similar approach
Kayumba et a/ (30) tested three QN products and two SP products obtained from Rwanda.
By the 6t month one SP product and one QN product failed to meet the pharmacopoeial
specification (that 75% of QN is released in 30 minutes and 60% of sulfadoxine and of
pyrimethamine is released within 30 minutes).

Other studies have looked at the expiry status of antimalarials at various points in the
distribution chain. For example, Amin et a/ (24) audited antimalarial products in 880 retail
outlets across four districts in Kenya. They calculated remaining shelf life for 2,167
unexpired antimalarial products audited during the survey. The authors report that there was
sufficient remaining shelf life for most antimalarial drugs with a median of 46 months for
AQ, 30 months for SP, 22 months for CQ, 17 months for QN and 12 months for products
containing artemisinin. The authors report that overall approximately 90% of products were
within their labeled shelf life. In this study, the basic storage conditions for antimalarials in
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the audited retail outlets was also evaluated using a simple set of indicators: stored off floor,
out of direct sunlight, in a dry area and away from direct sunlight. Over 97% of the products
audited satisfied these conditions. In an earlier study, Sesay (43) investigated the use of
expired essential drugs (including CQ) in Sierra Leone, and the attitudes of medical
practitioners to the subject matter. The author reports that there were variations in the shelf
life of CQ products audited, with a range of 3 to 5 years. More worrying was the view by
67% of practitioners that expired products could be used, only that their usefulness was
diminished. Only 27% of health practitioners in this study stated categorically that expired
products should not be used.

DISCUSSION

We acknowledge that a broad review of antimalarial drug quality over an expansive area
such as Africa is fraught with challenges. As is apparent from our review, there is few data
on which to judge antimalarial drug quality as few objective studies have been conducted in
the continent. Second, on first glance, it would appear that many important references have
been left out. Good examples of such references are commentaries that do not contain
primary data on antimalarial drug quality in Africa, but have contributed substantially to the
debate (58-61), and studies which argue for the use of simple colour reactions to make a
judgment on drug quality or studies that have actually used such methods in the field (57,
62, 63). The latter were excluded because they are largely qualitative or semi-quantitative
and whilst such tests are very useful in the field as screening aids, especially in resource
poor settings in third world countries, few if any regulatory decisions are based on them and
in almost all cases where these are used, definitive, full laboratory tests are required (64).
Other categories of excluded studies that merit mention are case studies such as the
detection of fake halofantrine by Wolff ef a/in West Africa (65).

A clear distinction needs to be made between counterfeit and substandard products. There is
tendency in the literature to use the two terms interchangeably as highlighted by Shakoor et
al (16). The WHO defines counterfeit products as “...those deliberately and fraudulently
mislabeled with regard to identity and/or source...” (17). Whilst it is the case that most
counterfeit products are sub-standard, there are some that are within the specified
pharmacopoeial limits as shown by Atemnkeng et a/in the DR Congo (48).

These would still be counterfeit because they claim to be what they are not. From the
review, it is the case, in Africa at least that most products are sub-standard and not
counterfeit (16, 24, 40, 46), pointing perhaps to lack of enforcement of good manufacturing
practices (GMP) rather than a deliberate attempt to defraud. However, in the advent of the
artemisinins, which are used by at least 30 African countries in SSA as first-line therapeutics
(66), the cases of counterfeit antimalarial drugs are likely to rise for the simple reason that
these are high value products, are consumed by millions of Africans each year (67) and
therefore profitable (19).

Quality of antimalarial drugs is important since it affects the ability to effectively manage
one of the most important diseases in SSA. There is an intuitive link between drug quality
and drug resistance. Sub-standard and counterfeit drugs could have either of two outcomes
for therapeutics: a) they avail too much drug to the body thus precipitating toxic or adverse
reactions, or b) avail too little resulting in sub-therapeutic levels of the drug in plasma. Drug
action is such that a minimum concentration is required to elicit a physiological response
(lowering of blood pressure in hypertension for instance) or parasite kill in the case of
malaria and other infectious diseases. The link between sub-therapeutic levels of
antimalarial drugs and antimalarial drug resistance is usually explained in terms of
“selection pressure” in the literature, i.e. low levels of a drug selectively kill susceptible
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parasites, leaving resistant parasites to flourish in their stead (sustained and haphazard use of
drugs has the same effect). This is especially true for drugs with long half-lives (such as SP)
and which therefore are more likely to spend part of their time in the body below the
minimum inhibitory concentration required for parasite kill. This residual and sub-
therapeutic drug in the host is likely to encounter re-infecting parasites, a common feature in
areas of high transmission (most of sub-Saharan Africa), resulting in selective kill of
susceptible parasites (68, 69).

SP tablets have notoriously poor /in vitro dissolution profiles, especially with regard to the
pyrimethamine component. This is mostly a problem with the generic products rather the
originator. It is thought that this is due to the poor aqueous solubility of pyrimethamine
occasioned by the use of poor quality raw materials or poor choice of excipients in the
formulation (38, 46). The clinical implications of a poor dissolution profile of SP products
are not hard to fathom; the pharmacopoeia assume a good /n vitro-in vivo correlation such
that a product which failed /n vitro dissolution will most likely fail in an in vivo
(bioavailability) test and therefore result in a low plasma level of sulfadoxine and
pyrimethamine with the attendant risks of therapeutic failure. The few studies done on SP
bioavalability and reviewed here are inconclusive as they have been faulted on sample size
requirements.

Antimalarial drug quality is important throughout the distribution chain, storage and
dispensing outlets. A very good drug that leaves the factory gate might well be worthless a
few months down the line owing to rapid deterioration as a result of exposure to excessive
moisture and temperature at the point of use. There are few studies on the stability of
antimalarial drugs under tropical climes such as Africa’s (only three were identified in the
current review), but Ballereau et a/’s study aptly demonstrates the importance of drug
stability (39). The authors found rapid deterioration of CQ tablets when exposed to typical
tropical conditions in rural Burkina Faso. The usual labeled shelf life of CQ tablets range
from three to five years, but the authors report that the drugs had expired within a little more
than a year. This has serious policy implications for the ACTs which are the favoured first-
line antimalarial policies for most of SSA. The artemisinins are hygroscopic and have a
short shelf life of 36 months or less. It is imperative to study how these drugs hold up under
typical storage and handling conditions in the tropics as they probably constitute the last
remaining armamentarium against the lethal Plasmodium falciparum malaria.

Although several studies have attempted to address the problem of quality of AMs in Africa
as outlined in this review, there are fundamental problems that need to be addressed before
such studies can inform antimalarial drug policy with regard to choosing between competing
alternatives: a) some of these studies are poorly designed making the conclusions unreliable;
there is a need, for instance, to acquaint researchers in Africa on basic requirements for a
properly designed bioavailability study, b) weak legislation in most countries makes it
difficult for results on quality of antimalarial drugs to inform the broad policy on
antimalarial drugs; c) there are still too few drug regulatory authorities in the region that are
sufficiently resourced (less than a third) to enable them undertake routine “quality audits”,
including post market surveillance, on antimalarial drugs in most SSA (1, 17, 49). There is a
need to establish National Drug Quality Control Laboratories in the regions where they do
not exist and to strengthen existing ones. In tandem, legislation regarding procurement,
manufacture, registration, donation, and distribution of antimalarial drugs need to be revised
to emphasize drug quality (including, where possible, bioavailability studies) as an integral
part of these processes.
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Figure 1.

% samples passing content test (Publication, Year, Country, and Drug Class, Sample Size).

SP=sulfadoxine-pyrimethamine, QN=quinine, PRO=proguanil, MEF=Mefloquine,

CQ=chloroquine, AQ=amodiaquine
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Figure2.

% samples passing dissolution test (Publication, Year, Country, and Drug Class, Sample
Size). SP=sulfadoxine-pyrimethamine, QN=quinine, PRO=proguanil, CQ=chloroquine,

AQ=amodiaquine
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