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SUMMARY

Over the last 25 years, China has developed several new synthetic antimalarial drugs and
brought them to clinical use. It is the country that developed the traditional febrifuge, qinghaosu
(artemisinin) into a class of highly effective, short-acting antimalarial drugs known as
artemisinin and its derivatives. Chinese scientists are now working on the development of
several combinations of artemisinin drugs with longer-acting synthetic drugs. WHO considers
such combinations very promising as they may provide affordable, short-course treatments that
could prove useful for large-scale use, even in areas of intense malaria transmission. However,
the development of such combinations to the point where they can be internationally
recommended as standard treatments can expedited only if Chinese efforts are supported by
international cooperation. The objective of the meeting was to strengthen cooperation between
Chinese scientists and producers of antimalarial drugs and current and potential foreign partners
as well as WHO, in order to facilitate the development of antimalarial drug combinations.
Particular reference was given to pre-clinical toxicological testing, clinical trials, monitoring of
production quality and scale of production.
The meeting was held from 16 to 17 November 2001 in Shanghai, China. The official
languages were Chinese and English. Participants included Chinese scientists and physicians
involved in antimalarial drug development, and representatives from the Chinese pharmaceutical
industry, international organizations, and research institutes including Medicines for Malaria
Venture, United States Pharmacopoeia, the JPMW project (a collaboration between Japanese
Pharmaceutical Companies, Ministry of Health, Labour and Welfare, Japan, and WHO) and the
Wellcome Trust of Great Britain.
The meeting was structured into two parts. In the first part, there were four focused
sessions during which presentations were given and followed by a panel discussion. In the
second part, the participants divided into five working groups to discuss specific issues in depth.
The sessions focused on the following subjects:
1. The need for new antimalarial drugs
2. Antimalarial drug discovery and development
3. Assessment of safety and effectiveness of combinations
4. Quality and scale of production of antimalarials and raw materials
The working groups concentrated on: (1) antimalarial drug discovery and development;
(2) pre-clinical assessment, toxicology and clinical assessment; (3) quality of production; (4)
Chinese combinations under development; and (5) antimalarial drug policy in China.
Conclusions and Recommendations
1. There is a need for more antimalarial combination treatments containing artemisinin
derivatives.
2. Priority should be given to the development of existing combination products.
•

The most promising combinations which are currently available or under development
include:

(1) artemether-lumefantrine;
(2) dihydroartemisinin + piperaquine; and
(3) combinations of artemisinin derivatives with pyronaridine and naphthoquine.
It is recommended that the development processes for new combinations follow the
internationally accepted standards for drug development with proper phasing of pre -clinical and
clinical studies.

3.

Documentation of efficacy and safety data and drug registration process

Documentation of safety and efficacy of these combination products, with proper scientific
methodology is needed to facilitate registration in countries where such products are in great
need. Registration should be based on internationally accepted standards for efficacy, safety and
quality.
4.

Post-marketing surveillance

Where such combination products are registered and put into early use on a large scale, a
pragmatic, operational and scientifically acceptable post-marketing surveillance system should
be established.
5.

Production and quality assurance

The production of antimalarial products must follow international standards for Good
Manufacturing Practices (GMP).
6.

Drug management and utilization and strategy to combat counterfeit products
•

National strategies for improving drug management and drug utilization are needed.

•

Collaboration with law enforcement agencies and other relevant partners is essential in
order to enforce legislation against counterfeiting.

1. INTRODUCTION

1.1

Objectives
The specific objectives of the meeting were:

1.2

•

to strengthen cooperation between Chinese scientists and producers of antimalarial drugs
and current and potential foreign partners as well as WHO.

•

to identify the most promising combinations currently under development.

•

to review the development of antimalarial drug combinations, with particular regard to
pre-clinical toxicological testing, clinical trials, monitoring of production quality and
scale of production.

Organization

The meeting was held in the Hotel Equatorial Shanghai from 16 to 17 November 2001
Shanghai, China. It was sponsored by WHO and co-sponsored by the Ministry of Health and State
Drug Administration (SDA). The detailed programme is provided in Annex 1. The chairman of the
meeting was Dr Chen Xianyi, the vice-chairman was Ms Zhao Li and the rapporteurs were
Drs Zhang Zaixing, China, and Elizabeth Ashley, Thailand. The list of participants and resource
persons is provided in Annex 2.

2. PROCEEDINGS

The meeting was opened by Dr Budiono Santoso, WHO Regional Adviser in Pharmaceuticals
on behalf of Dr Shigeru Omi, Regional Director, Western Pacific Regional Office. Opening
speeches were also given by Dr Bai Hui-liang on behalf of the State Drug Administration and Dr
Peng Jing on behalf of the Shanghai Health Department. Dr Chen Xianyi from the Ministry of
Health, who was chairman ofthe meeting, gave the closing speech. Summaries of opening and
closing speeches are provided in Annex 3.
2.1

The need for new antimalarial drugs
David Alnwick, Project Manager, Roll Back Malaria Project, WHO Headquarters

Roll Back Malaria (REM) is a global partnership to tackle malaria involving WHO, the
United Nations Development Programme (UNDP), industry, nongovernmental organizations,
governments and the private sector. While progress has been made in malaria control in Asia there
are still areas of the world where there is an enormous malaria-related disease burden, notably in
Africa. Malaria ranks as the number one cause of death in the under-five age group in Africa
accounting for 20% of all deaths. The interplay between malaria and poverty in Africa makes an
additional economic incentive to tackle the problem. Increasing antimalarial drug resistance in
Africa is accelerating malaria-related deaths and disease in this Region. The WHO
recommendations of April 2001 advise the introduction of combination therapy to treat malaria and
highlight the advantages of artemisinin-based combinations. The main obstacles to implementing
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this strategy are cost, lack of availability of both coformulations and paediatric formulations and
limited safety data on the use of these drugs in very young children and during pregnancy.
China and Asia have a wealth of expertise that could be used to improve the African situation
which, because of the different malaria epidemiology, may require novel approaches to tackle the
problem.
2.2

Antimalarial drug discovery and development

This session focused on the history of antimalarial drug development from quinghaosu in
China, the rationale behind using combination therapy to treat malaria, and promising new
combination antimalarials either registered or under development.
2.2.1

Discovery of Quinghaosu (Artemisinin) and development of its derivatives in China

Professor Ying Li, Shanghai Institute ofMaterial Medica, Shanghai Institute for Biological
Sciences, Chinese Academy of Sciences

The use of quinghaosu to treat malaria was first recorded between 281-340 AD. Artemisinin
compounds were identified in 1976 and their mechanism of action elucidated. Artemisinin,
artemether, artesunate, dihydroartemsinin and artemether are all in clinical use.
A number of new promising compounds also derived from quinghaosu are currently under
evaluation, e.g. SM 618 and SM 607.

Antimalarial activity:
IC so • 0.15 ng! ml (P. Jalciparurn KJ )
0.44 ng I ml (P.Jalciparurn NFS4 )

EDso. 5.2 mg /kg (oral), < 1.0 mg Ikg (sub cut)
ED90: 14.0 mg /kg (oral), < 1.0 mg /kg (subcut)

SM618

-3-

Toxicity studies of SM618:
Acute toxicity in mice:
Two groups (test and control groups), each consisting of 10 female and 10 male mice were
given either SM 618 in 0.5% carboxymethylcellulose (CMC) orally at a dose of 8950 mg/kg or
equal volume 0.5%. Clinical observation was performed after treatment. No abnormal phenomena
were found and no mice died within the seven days after administration.

Mutagenicity testing using Salmonella typhimurium was negative.
Artemisinin compounds have been discovered more recently to have bioactivity against other
organisms, e.g. Pneumocystis carinii, Candida albicans, and Toxoplasma gondii.
2.2.2

Antimalarial Drug Discovery in Japan

Professor Yusuke Wataya, Faculty of Pharmaceutical Sciences, Okayama University, Japan
The Molecular Basis ofMalaria Control Project in Japan funded by the Ministry of
Education, Science, Culture and Sports was initiated in 1996 and has used screening methods to
identify compounds with antimalarial activity. This was possible using specially developed in vitro
tests and a mouse model for in vivo work.
More than 4700 compounds alleged to have antimalarial activity were screened resulting in
the isolation of 184 whose activity was judged to be excellent (EC so s;lxl0· 7 M + high degree
selectivity).
The two drugs exerting the most potent antimalarial effects were an endoperoxide- 1,2,6,7tetraoxaspiro[7, 11] nonadecane (N-89) and derived alkaloid from Dichroa febrifuga Df-l.
N-89:
This endoperoxide is derived from artemisinin. It has a simple structure and is inexpensive to
produce. It exhibits a high selective toxicity for Plasmodiumfalciparum in vitro. It appears to be
more stage-specific than the existing artemisinin compounds, acting on the parasite at the middle
trophozoite stage.
Table 1 In-vivo antimalarial activity ofN-89

Compound
N-89 (i.p.)""
N-89 (p.O.)3
N-89 (s.c.)"
Artemisinin (i.p.)
Artemisinin (p.o.)

EDso (mlU'kg)"

ED90 (mg/kg)a

12
20
35
5.0
32

20
40
60

13
89

Notes:

P. berghei NK65 strain was used and in vivo antimalarial activity was determined using a four-day
suppressive test.
1: Five mice cured treated with 50 mg/kg
2: No toxicity of the single dose of 1 600 mg/kg
3: One mouse cured treated with 50 mg/kg
4: One mouse cured treated with 70 mg/kg
a
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i.p. = intraperitoneal
p.o. = oral
s.c. = subcutaneous
N-89 appears to have potent and rapid antimalarial activity with low toxicity but a longer
half-life than the arternisinin derivatives in current use. Pharmacokinetic studies are underway to
produce an appropriate formulation for this drug.

It has been known for more than 50 years that the roots of Dichroafebrifuga (Japanese:
Johzan) contain alkaloid compounds- febrifugine and isofebrifugine with antimalarial activity.
However their toxicity profiles have rendered them unsuitable for clinical use. Work is ongoing in
Japan to develop compounds from these alkaloids which retain the antimalarial activity without the
adverse effects. Two compounds, Df-l and Df-2, have been developed which both showed strong
antimalarial activity in vitro. It is thought that they act by impairing haemazoin formation required
for maturation of the parasite at the trophozoite stage. In vivo tests have found Df-2 to exhibit only
weak antimalarial activity while Df-l was still very effective.
Table 2: In vivo antimalarial activities ofDf-l and Df-2
Compound
Df-l
Df-2
Febrifugine
Chloroquine

EDso (mg/kg)
2.5
60.0
0.3
1.5

EDso(mwkg)
6.6

1.5
3.0

In vitro antimalarial activity was determined using a four-day suppressive test.
Studies are being conducted to develop a compound from Df-l with highly selective
antimalarial activity.
2.2.3

The rationale for combining antimalarial drugs

Professor Nicholas J White, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand
Drug-resistant parasites arise spontaneously and are selected for, frequently when exposed to
subtherapeutic concentrations of antimalarial drug, for example due to inadequate dosing or poor
adherence to a treatment regimen.
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Figure 1. Factors influencing development of antimalarial drug resistance
Operational:
- appropriate deployment and prescribing
- sUbtherapeutic dosing
- poor compliance
- treatment-seeking behaviour

Pharmacological:
- pharmacokinetics/pharmacodynamics
- transmission-blocking properties
- mechanisms of action/resistance

Malaria transmission:
- intensity
- drug pressure
- immunity

The rate of spread of resistance to a particular drug will depend on a number of factors
including the starting frequency of resistant mutations to that drug, the intensity of malaria
transmission, immunity of the population, drug pressure and phamacokinetic/pharmacodynamic
properties of the drug.
The rationale for the use of combination therapy in order to delay the spread of resistance can
be explained in terms of mathematical probabilities. If two drugs with different sites of action are
used simultaneously then the likelihood that a popUlation of parasites in an individual contains a
mutant that is simultaneously resistant to both drugs being given is the product of the individual
mutation prevalences which confer resistance to the drugs if used alone.
One potential cause for concern is that the short half-life of artemisinin derivatives leaves
their partner drug in the combination unprotected and potentially more likely to select for resistance.
This is probably only a significant concern in the situation of inadequately treated hyperparasitaemic
patients.
Antimalarial drugs should only be used in combinations. These combinations should always
include an artemisinin derivative.
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2.2.4

The development in China of lumefantrine and its combination with artemether

Professor Shi Xiao-chun, Institute of Space Medico-Engineering of China, Institute of
Microbiology and Epidemiology, Beijing

Artemether-Iumefantrine, named by the WHO as a highly promising treatment for global use,
was developed in China. According to pre-clinical safety studies, lumefantrine is almost entirely
non-toxic in mice, rats and dogs. Any effects that did occur at high dose were reversible.
Mutagenicity studies were negative. Reproductive toxicity assessment found no evidence of
teratogenicity in rats, however at high dose, spermatocyte formation was affected. Fertility was
unimpaired despite this.
2.2.5
The development in China ofpyronaridine and its combination with artemisinin
derivatives
Professor Chen Chang, Institute of Parasitic Diseases, Chinese Academy of Preventative
Medicine, Shanghai

Pyronaridine, a mannich base compound, was synthesized in China in 1970 and registered in
the 1980s. It shows schizontocidal activity against P.falciparum, is well-tolerated and does not
appear to exhibit cross-resistance with chloroquine. Pyronaridine has been combined with
sulfadoxine and pyrimethamine (SP) to enhance its activity, however increasing resistance to SP
may mean that this combination is not worth developing. At a total dose of 800 mg, it has also been
combined with the artemisinin derivatives dihydroartemisinin (200 mg), artemether (300 mg) and
artesunate(300 mg) and given as a two-dose regimen over two days. It has been used to treat a small
number of clinical cases, including chloroquine-resistant strains to good effect(see Table 3).
Table 3: Cure rate at 28 days offollow up following treatment offa1ciparum malaria
Combination
PYN+DHA
PYN+ATM
PYN + ATS

Notes:
PYN =
DHA =
ATM =
ATS =
2.2.6

Number of cases
10 (seven followed for 40 days)
9 (one lost to follow up on day
5, three lost on day 21)
9 (six cases for 30 days, three
for 21 days)

Recrudescences
0
0
0

Cure rate(%)
100
100
100

pyronaridine
dihydroartemisinin
artemether
artesunate
Piperaquine and Naphthoquine and their combination with artemisinin derivatives.

Professors Wang Xinhua and Professor Li Guoqiao, Institute of Tropical Medicine,
Guangzhou University of Traditional Chinese Medicine, Guangzhou

Piperaquine and naphthoquine are 4-aminoquinolines which are more potent than chloroquine
and better tolerated.
Piperaqnine has been used as monotherapy in China for the treatment of malaria since 1978.
Its half-life in dogs is nine days but in humans it is unknown. High-level resistance has emerged to
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this. ~g in s~me areas which has led to it being studied in combination with the artemisinin
denvatives WIth excellent results.
Three combinations of dihydroartemisinin with piperaquine exist at present:
-CV-8 (piperaquine, dihydroartemisinin, trimethoprim and primaquine)

-Artekin I (piperaquine, dihydroartemisinin and trimethoprim)
-Artekin II (piperaquine and dihydroartemisinin)
Table 4: Composition of combinations containing DHAIpiperaquine
Combination
CV-8
ARTEKIN I
ARTEKINII

Piperaquine
%
70.80
72.40
88.89

Dihydroartemisinin
%
7.08
7.24
11.11

Trimethoprim
%
19.91
20.36
0

Primaquine
%
2.21
0
0

Table 5: Comparative efficacy of two dihydroartemisinin-piperaquine combinations with artesunate
+ mefloquine
Artekin I

Artekin II

Patients<15

10

11

Artesunate + MQ
(dose not stated)
6

Age (years)
[mean, SEM]
Range
Weight (kg)
[mean, SEM]
TemperatureoC
[mean, SEM]
Asexual parasites/ uL
(Geometric mean)
Range

27±1

27±1

28±1

(7-56)
46.6±1.0

(l0-58)
48.6±1.1

(8-47)
48.0±1.8

38.6±0.1

38.5±0.1

38.4±0.1

5262

6114

5680

40-162024

40-252 160

60-244920

Notes:
SEM= Standard Error of the Mean
Naphthoquine was approved for registration in China in 1995. It has a half-life in humans of
41 to 57 hours. It is now only used in combinations and Phase II and Phase III trials of this drug
used in combination with dihydroartemisinin have been completed. A phase III study of 316
patients showed a 99.3% cure rate at 28 days. Registration of the combination is being applied for it
is anticipated to be a two-dose, one-day treatment. (DHA content is 50 mg per tablet or 200 mg per
adult treatment).
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2.2.7

The development of antimalarial drugs in the world and the Medicines for Malaria Venture
Dr Robert Ridley, Medicines for Malaria Venture (MMV), Geneva

MMV was initiated by WHO/TDR in 1998 and established as an independent foundation in
1999. Partners include the International Federation of Pharmaceutical Manufacturers Associations
(IFPMA), the Bill and Melinda Gates Foundation, the Rockefeller Foundation, the Governments of
the Netherlands, Switzerland, and the United Kingdom, the World Bank, and WHO.
For a new drug to meet the criteria for development set by MMV it needs to be low cost,
efficacious against drug resistant strains, able to achieve cure within three days, have a low
propensity to generate resistance, be safe in pregnancy and small infants below six months and be
made as appropriate formulations.
Major goals ofMMV are to develop one new antimalarial drug every five years, to foster
partnerships with academics and pharmaceutical companies and to raise funds to achieve set targets
(US$30 million per year by 2004/2005). Projects compete to be selected and MMV helps to
establish a project team with a defined product profile and regulatory strategy involving commercial
partners. Drugs are registered with major regulatory agencies and targeted countries in paraJlel,
which ensures uniform high quality for all products and expedites use in different countries. MMV
decreases the cost and the risk of drug development which is particularly attractive for smaller
companies. MMV funded six projects in 2000 and selected eight for 200 I. The projected budget
for 2002 is US$15 million.
Current projects include the development ofpyronaridine-artesunate and chlorproguanildapsone-artesunate. Research into fatty acid biosynthesis inhibition and protein farnesyl transferase
inhibition is also being funded.
2.3

Assessment of safety and effectiveness of combinations

Standard regulatory requirements for toxicology were reviewed, the processes for pre-clinical
and clinical assessment and the current status of some combinations under development as well as a
strategy for large-scale post-marketing surveillance.
2.3.1

Standard regulatory requirements for toxicology
Dr David Ubben, MMV, Geneva

Toxicology studies start with animal experiments designed to identify potential human
toxicities and their mechanisms. They are an essential step in convincing regulatory authorities of
the safety of the drug. They investigate toxicities that are considered to be unethical to examine in
humans, such as carcinogenicity, mutagenicity/clastogenicity, teratogenicity/reproductive toxicity
and effects of the drug in overdose. Once these experiments have been completed, studies in
humans may begin.
A combination treatment may consist of two well-known drugs, one known and one new drug
or two new drugs. The combination may exist as a coformulation or the two drugs may be packaged
together, e.g. in a blister pack. Safety testing of a combination will be required even if the
constituents of the combination are well known. The use of international standards, e.g.
International Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (lCH), rather than national safety testing programmes will provide
the best route towards international acceptance of a safety dossier.

"

"
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Situation of antimalarial drugs:

•

Pregnant women and children are the most vulnerable groups, yet few drugs are certified
for use by pregnant women.

•

Few clinical trials have been done which involve pregnant women.

•

Little is known about the use of many ofthese drugs in children.

•

Combination therapy presents additional safety considerations.

Reproductive toxicity (Reprotox) includes adverse effects on sexual function and fertility in
adult males and females, lactation and developmental toxicity in children. (OECD Monograph
Series on Testing and Assessment No. 17, 1998).

Reprotox work needs expert interpretation of results to make predictions of risk. Ideally all
information generated should be made available on accessible databases. Work is being done to
develop new strategies for the prediction of toxicity. In the future there should be global standards
for testing and evaluation.
2.3.2

Developments in pre-clinical assessment in China

Professor Jiao Xiu Qing, Institute of Tropical Medicine, Guangzhou University of Traditional
Chinese Medicine, Guangzhou
A number of key factors have influenced development of pre-clinical assessment in China:
•

The introduction of the Drug Administration Law of China on 20 September 1984 and
subsequent update in 2001, plus the establishment of the SDA in 1998 have made drug
administration and assessment in China more standardized.

•

The National Committee for Drug Evaluation, set up in 1985.

•

A new edition of the Pharmacopoeia of Peoples , Republic of China (2000) has been
issued by the government based on previous editions of the pharmacopoeia dating back to
1953.

•

A quality control system of drugs has been set up in China based on the National Institute
for the Control of Pharmaceutical and Biological Products in Beijing and local institutes
in provinces and cities nationwide.

•

Several national laboratory animal centres have been built in Beijing, Shanghai, Tianjin
and Kunming enabling detailed pre-clinical assessments of new antimalarial drugs.

•

Following standard protocols the following assessments are carried out to evaluate all
new drugs: physical and chemical nature of products, purity, formula screening, dosage,
stability, standards of quality, manufacturer technology, detailed pharmacology and
toxicology. Good laboratory practice (GLP) standards are gradually being implemented.
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2.3.3

Methodological developments for clinical trials of antimalarial drugs for Wlcomplicated
malaria

Dr Tranh Tinh Hien, Vice Director, Centre for Tropical Diseases, Ho Chi Minh City
Viet Nam
The design of a clinical trial will depend on the research question to be answered, however
the randomized controlled trial should be regarded as the best design for most studies of antimalarial
drugs.
Standards of Good Clinical Practice (GCP) have now been defined: these are international
ethical and scientific quality standards for designing, conducting, recording and reporting trials that
involve human subjects. These guidelines should be followed when generating clinical trial data
that are intended for submission to regulatory authorities.
2.3.4

Status ofTDR-supported clinical trials of combination treatments

Dr Piero Olliaro, Research on Drug Resistance and Policies, Special Programme for
Research and Training in Tropical Diseases, WHO, Geneva
TDR has contributed towards antimalarial drug development in a number of areas, e.g.
generating methodology for drug extraction and assays, non-clinical pharmacology, clinical studies,
pharmaceutical development, linking with policies and large-scale implementation studies, which
include the largest ever African clinical trials of combination therapies for malaria.
Table 6: Comparison of current antimalarial combinations in TDR trials
Combination~

ATU+CQ

ATU+AQ

ATU+SP

ATU+MQ

65% dl4
3

93% d14
3

93% d14
3

>95% d42
3

moderate
no

good
under
development

good
blister

I

1.7

1.2

moderate
under
development
2.5-4

2.5-12

High
(Africa)

Mid
(Africa)

Variable
(Africa)

Low
(Thailand)

Low
(Thailand)

Criteria~

Efficacy
Duration of
Treatment
(days)
Tolerability
Co-formulation?
Price (US$ adult
treatment)
Resistance to
companion drug

ATM-LUM6
doses
>95% d42
3

good
yes

Notes:
A TU = artesWlate
CQ = chloroquine
AQ = amodiaquine
SP = sufadoxine-pyrimethamine
MQ = mefloquine
ATM-LUM = artemether-lumefantrine
Pharmaceutical development by TDR is being done in collaboration with Medecins sans
Frontieres as part of the Drugs for Neglected Diseases (DND) group.
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Table 7: Combination therapies currently under development
Non-fixed

Fixed

Fixed

Age (years)

ATU(mcl SP(m!! S)

<1
1-6
7-13
14+

.

Manufacturer

25
50
100
200

12.5
25
50
75
IDA

ATU

MQ

ATU

AQ

25
50
100
200

50
100
200
400

25
50
100
200

67.5
135
270
540

Far-Manguinhos
(Brazil)

Un.Bordeaux

Notes:
IDA=International Dispensary Association
In addition to the development of new combination therapies, it is essential to guarantee
sustained availability of high quality drug. The following key steps were identified by TDR:

(1)
(2)
(3)
(4)

2.3.5

Assess capacity of production
Quantify supply needs of countries
Define regulatory needs in order to register drug
Negotiate agreement on price between producers and consumers
Strengthening health research capacity to improve quality of clinical research in China

Dr Jialiang Wang, West China University ofMedical Sciences
The objectives of the programme of Essential National Health Research (ENHR) in China are
to build high quality research teams and to use existing health resources effectively to generate
information which can then be used to improve the health of the population. The initial strategy was
to quantify the disease burden, set priorities, e.g. based on need and relevance to policy, and to
evaluate health services and health research being produced in order to identify areas for further
research or service development.
An evaluation in April 2001 of key national health research published in Chinese medical
journals identified weaknesses in study design in one third of studies and methodological
weaknesses in more than 60%, although 95% of the research was classified as "good" or
"excellent". ENHR has now explicitly laid out internationally recognized standards for clinical
research which should be met by all researchers. The focus of research should be on improvement
of the health of the population taking into account issues of equity, efficiency and quality.

2.3.6

Post-marketing surveillance of CV-8 in Viet Nam

Dr Le Dinh Cong, Director, National Institute ofMalariology, Parasitology and Entomology
(NIMPE), Viet Nam
Viet Nam is one of the few countries to have established a post-marketing surveillance
system for a newly deployed antimalarial drug, although the system is still in its early stages and due
to be scaled up, with a plan to follow 20 000 patients treated in a number of different districts with
CV-8 in 2002.

- 12 -

CV-8 is a cofonnu1ation of dihydroartemisinin, piperaquine, trimethoprim and primaquine
registered in Viet Nam since June 1997. It was first introduced as a treatment by the National
Malaria Control Programme in 2000.

The principle objectives of the system are to evaluate the effectiveness of this drug when
deployed on a large scale and to monitor adverse events. Around 60 districts with 600 commune
health centres in eight provinces will take part in the study. Both microscopy and rapid diagnostic
tests will be used for malaria diagnosis.
Proposed timeline:

•

Preparation: November - December 2001 (finalize the protocol, procure materials and set
budget).

•

Pilot study in Binh Thuan (January to June 2002).

•

Preliminary evaluation of pilot study, and training of staff in eight provinces (July 2002) in
Binh Thuan.

•

Implementation and monitoring phase: July 2002 to July 2003; mid-tenn evaluation:
January to February 2003; data processing and analysis: July to August 2003; revIew
meeting: September 2003; fmal report: October 2003.

2.3.7

Panel discussion on safety and effectiveness of antimalarial drug combinations
Important points identified were:
•

Continued drug surveillance is needed: e.g. it is important in Viet Nam to document any
accidental exposures to CV-8 in pregnancy.

•

Multiple manufacturers of the same drug: a number of companies are working with the
same drugs in different countries, e.g. dihydroartemisinin. Infonnation to present to
regulatory authorities should be shared as far as possible.

•

Bioequivalence studies: currently, little evidence is being generated to demonstrate
bioequivalence between products; such studies are designed to show that equivalent doses
of drug result in equivalent drug levels in the blood and equivalent pharmacokinetic drug
effects. However factors such as interpatient variability of drug absorption may make the
results of these bioequivalence studies difficult to interpret and pharmacodynamic
comparisons may in fact be more useful. Quality checks such as dissolution studies are
simpler to do than fonna1 bioequivalence studies and may go some way towards
satisfying regulatory bodies.

•

Orphan drug legislation may have a role: antimalarial drugs fall under this legislation in
the United States and would get priority for assessment for registration.

•

Regional versus international strategies: malaria is a disease of enormous variability
from place to place. Individual countries may register drugs which neighbouring
countries will not wish to buy. Regional strategies may be needed to resolve this problem
rather than relying on international bodies. Regulatory authorities refer to their own
national populations when drugs are assessed. It should be clear from the outset where
the drugs are plarmed to be used. If a drug will have global availability, and be registered
in every country, a single unifying regulatory strategy is required. If only regional
deployment is envisaged then regulatory work at the regional level could be envisaged.
In the Mekong region there has been a push from governments to produce more drugs
nationally so drugs have received early registration in these countries. Caution is needed
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with this approach as it could dilute efforts at developing products that could be
recommended at regional or global levels.

2.4

•

Many African countries have accepted regulatory dossiers from elsewhere, e.g. in the
case of artesunate where evidence from the manufacturers in China has been used.

•

Future drug development: the ideal scenario would be agreement on a set of standards to
be applied, e.g. WHO standards. In countries where ICH standards are adhered to the
rules are flexible in certain situations, for example antiretrovirals could be developed
quickly because of the public health imperative.

•

Drugs for Neglected Diseases (DND). an international working group, is working on
possible solutions for drugs for malaria and other neglected diseases.

•

Paediatric formulations: a concentrated effort is needed to manufacture these.

•

Africa: there is a very urgent need to get better combination drugs into Africa, especially
coformulations. All available data should be collected and reviewed in order to prepare a
regulatory dossier, although further studies may also be required.

Ouality and scale of production of antimalarials and raw materials

This session concentrated on the drug manufacturing process itself, quality control and
ensuring sustainable sources of raw materials.
2.4.1.

Good manufacturing practices

Dr Peter Smith, United States Pharmacopoeia, and Senior Director, Client Management
Services, Kemper Masterton Inc., United States ofAmerica
Good Manufacturing Practice (GMP) rules were introduced by the United States Food and
Drug Safety Administration (FDA) in 1963 and updated in 1978. Compliance by manufacturers
with GMP standards ensures batch-to-batch uniformity of drugs, drug safety and effectiveness and
adequate labelling. Raw materials must be of known quality, tested against an approved
specification and found free of toxic contamination. GMP controls provide guidelines for all
activities and operations to be written down as standard operating procedures,. for master records of
drug formulations to be kept and for all production activities to be documented. GMP builds inprocess controls into drug production and requires the testing of any finished product against a
formal specification. An essential part ofGMP is adequate staff training.
Many countries do not have their own national standards to follow. The Association of
South-East Asian Nations (ASEAN) rather than FDA GMP has been adopted as standard by many
countries in this region. Auditing to that standard is essential. There are two types of aUditing:
1. National authority, e.g. SDA, FDA
2. Internal auditing by company
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2.4.2
Validation of analytical methods in a quality assessment/quality control (QNQC)
laboratory
Dr Eric Shein in, Vice-President for Information and Standards Development, United States
Pharmacopoeia

The main principles behind the procedures of a QAlQC laboratory are knowledge of the
following in relation to the druglanalyte under consideration:
Accuracy refers to the closeness of results to the true value. A drug will often be compared to preexisting primary reference standards. Such comparisons should be carefully controlled, e.g. by the
use of spiked placebo or spiked samples of the product.
Precision refers to the degree of agreement of measurement between homogeneous samples.
Precision testing takes into account intra- and inter- laboratory variability and checks for
reproducibility.
Specificity means the ability to unequivocally assess presence of expected analytes. Such testing is
again carefully controlled to ensure structurally similar compounds do not give a positive result.
Detection limit (LOD) is the lowest amount of analyte detectable by a procedure.
Quantification limit (LOQ) is the lowest amount of an analyte that can be accurately quantified.
Linearity and range refers to the ability to obtain test results which are directly proportional to
analyte concentration within a specified range.
Ruggedness (intermediate precision) refers to the degree of reproducibility of a procedure when
measured by different analysts, instruments and laboratories.
Robustness is an indicator of reliability - this is a measure of the capability oflaboratory procedures
to remain unaffected by small, deliberate changes in conditions.

At the moment there is disharmony between the various pharmacopoeias with regard to
methodology of analytical procedures. Global methods for standardization of these procedures are
likely to be implemented at some point in the future. A pharmacopoeial discussion group exists but
there has been no discussion on harmonized monographs for drug products to date.
References:

ICH Q2A, Text on Validation of Analytical Procedures
ICH Q2B, Validation of Analytical Procedures: Methodology
USP-NF <1225> Validation of CompendiaI Methods
Quality of antimalarial drugs in the Mekong countries

2.4.3

Dr Phillip Passmore, School of Pharmacy, Curtin University of Technology, Perth, Australia

The following problems have been identified in relation to the manufacture of antimalarial
drugs in the Mekong region:
(1) Intra-batch variability

(2)
(3)
(4)
(5)

Inter-batch variability
Questionable bioequivalence between products (single and combination products)
Lack of data on excipients
Lack ofGMP in manufacture

- 15 -

(6) Problems of packaging and labelling
Figure 2: Assay cm:omat~gram of one sample of artesunate tablets (Company code #, batch no # 1,
Code # NEl) showmg eVIdence of contamination (double-peak).
START
If
______

~

3.525

Ir
-1.66-1

G.7G6

TIt-tETABLE STOP

In addition, the national malaria control programmes of countries in the region have problems
with selection and procurement of drugs and have insufficient data to help inform their choices.
Drug registration details are often variable and there is also the problem of counterfeit artesunate in
Asia.
Areas where improvement is needed:
•
•
•
•
•
•
•
•

Diagnosis and prescription quality.
Improved patient and usage data are required.
Appropriate inventory control methods are required.
Accurate/complete registration data are essential.
Development of geographically sensitive treatment protocols which are strictly adhered to.
Selection of appropriate combinations.
More data needed by the national malaria control programmes.
Quality and management of antimalarial drugs must comply with all aspects of national
drug policy and drug law.

Suggested strategies for quality improvement:
•
•
•
•
•
•
•
•
•
•
•

Stronger inter-agency cooperation.
Ongoing research into new drugs.
Parallel research required in formulation and standards for bioequivalence using new and
older drug combinations.
Greater use of evidence-based data for improved selection of products for national
programmes.
All same active ingredient drug products used in national malaria control programmes
should be bioequivalent.
Audit to ensure labelling of drug products reflects all statutory requirements.
Share stability data on drug products in the Mekong region.
Antimalarials in national programmes should be produced using strict GMP procedures.
Review and update all product registration details.
Enable national malaria control programmes to obtain usage data of antimalarials in all
sectors.
Develop plan of action to ensure antimalarial drugs used in national malaria control
programmes are produced under audited GMP by 2005.
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•

•

Improve quality surveillance activities and feedback mechanisms to limit fake or inferior
drug usage. National malaria control programmes seeking help regarding counterfeit drugs
should go first to their ministry of health and then to WHO. Law enforcement agencies
should be involved early. It is also the responsibility of the manufacturers to improve the
security of their manufacturing process. Cambodian fake artesunate was identified after
samples were sent by WHO's Regional Office for the Western Pacific for assessment.
WHO and the Ministry of Health (Cambodia) collaborated on a public awareness campaign.
Other Mekong countries were informed, however fakes are still circulating. There is some
information about the problem on the WHO website. However WHO's role is not law
enforcement.
Improve training related to official national policies and procedures.

2.4.4 Implementation of GMP and regulation of drug production and marketing in China

Dr Bai Hui-liang, Director General, Department ofDrug Safety and Inspection, SDA, Beijing
The Drug Administration Law of China is committed to the production of drugs by the
manufacturers according to GMP. Regulation on research, production, distribution and use of drugs
is performed by the SDA. Currently 6000 drug manufacturers are established in China. By the end
of October 200 I the SDA had issued I 100 GMP certificates to more than 900 manufacturers. All
the manufacturers of blood products, powder for injection and large volume parenteral preparations
have obtained GMP certification.
SDA requires that all drug manufacturers should pass the certification by 30 June 2004,
otherwise production will be stopped.
Procedure for GMP certification:
(1) drug manufacturers submit application;
(2) provincial drug administration conducts primary inspection within 20 working days;
(3) SDA assesses the drug manufacturer's application within five working days;
(4) Centre for Certification of Drugs of SDA performs technical assessment of document within
20 working days;
(5) Centre for Certification of Drugs of SDA is responsible for drafting an inspection plan,
determining the personnel of the inspection group and determining the time of the
inspection (20 working days);
(6) The GMP inspection group performs the on-site inspection for three days;
(7) Centre for Certification of Drugs assesses the report of the on-site inspection team within 20
working days;
(8) SDA conducts final review of the documents and issues the GMP certificate within 20
working days.
The SDA is responsible for supervision of all drug manufacture and distribution in China. All
manufacturers must be issued with a "Drug Manufacturing Certificate" and a "Drug Distribution
Certificate". SDA performs annual inspections. A Drug Manufacturing Certificate should be
renewed every five years. SDA has also established a reporting system for drug adverse events. It
strictly controls the establishment of new drug manufacturers and distributors and encourages the
merger of different manufacturers.
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Discussion points:

•

ds (produced in
GMP stan?ards in China are the 1998 Chinese GMP amended standar
collaboratlon Wlth WHO).
Viet Nam uses ASEA N standards.
larials meet GMP
Currently two Chinese antimalarial manufacturers of injectable antima
standards.
of specific
It is possible to obtain information from the SDA about the GMP status
manufacturers.
plants and make
In some countries pharmaceutical companies are large, have different
and plant this may
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produc
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all
for
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GMP
dIfferent products. If a company wants
lines for
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produc
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ops
worksh
be dIfficult. Up until now only speCIfic areas,
the SDA
2002
By
s.
factorie
whole
individual products have been passed as GMP, not
than
rather
itation
accred
GMP
hopes to change this so entire companies will receive
individual products.

•

•
•
•

2.4.5

Scaling up the production of Artemisia annua and artemisinin

Environment
Professor Ding De-rong, Associ ate Professor, College of Resource and
Southwest Agriculture University, Congqing
of Natural Drugs,
(Additional material supplie d by Mr Ge Fa-huan, Chief, Department
zhou.)
Guang
e,
institut
ch
Guangzhou Pharmaceutical Industrial Resear
e supply of high
In order to scale up the production of the artemisinin derivatives a reliabl
yield of Artemisia
the
cing
influen
factors
The
quality raw materials at reasonable cost is required.
of plant, the use of
variety
the
is,
annua have been studied, for example the effect of where the crop
fertilisers and the extraction method.
they need a yield
To make the cultivation of A. annua economically viable for farmers,
0.4/kg. In order to increase
greater than 3000 kglhectare. The market price is around RMB 3 = US$
(GAP) standards should be met.
production for the international market, Good Agricultural Practices
Findings of research:
•
•
•
•
•
•
•
•

from A. annua - 8. 84g!kg
Youyang, Chongqing is the area with the highest yield of arternisinin
compared to only 3.42g/kg in Beibei.
Cultivated plants yield more artemisinin than wild plants.
ate sparsely grown leaf
The variety of A. annua with a rhombic yellow-green stem and tripinn
has the highest arternisinin content.
yield.
Fertilizers containing sodium, phosphorus and potassium increase the
The optimal harvesting time is at the early flowering stage.
in the shade.
Sun-drying results in a much higher yield than stove drying or drying
. The loss rate is 12.87%
The artemisinin content of the leaves decreases with prolonged storage
for six-month storage and 32.76% for 12 month storage.
.
Supercritical CO 2 fluid extraction (SFE-C 0 2) is the best extraction method

SFE-CO] extraction method:
recrystallization

SFE-C 0 2

HERBS

crude artemisinin

arternisinin
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Table 8: Advantages of the SFE-C02 method compared to the older gasoline method for the
extraction of artemisinin

Yield (%)
Artemisinin purity in
product(%)
Total extraction time
(hours)
Total cost (yuan)
Safety
Environment

SFE-C02 Method
0.62
99.7

Gasoline Method
0.2-0.3
96.0-99.0

20

120

1800
Safe
Low pollution

2200
Inflammable and explosive
Pollution

Panel Discussion on Quality and Scale of Production
Stability of dihydroartemisinin: (Cotecxin@)
The stability ofDHA has been questioned in the past. Based on several years experience and
clinical trials, Cotecxin may be regarded as a stable preparation. The shelf life was set at two years
previously but has been extended to three years. The manufacturer of this drug is in the process of
applying for GMP status.

Raw materials
Raw materials for these antimalarials are a critical issue. Increased use of the artemisinin
derivatives means the raw materials will be needed in greater quantities to meet production
demands. The importance of environmental factors is already !mown and the Chinese Science
Academy has been working with others to increase the artemisinin content of qunghaosu using
genetic techniques. The Beijing Plant Institute has also done work in this area and there have been
proposals to plant transgenic plants. Chinese herbs are grown in accordance with Good Agricultural
Practices (GAP) and the Agricultural Ministry certifies producers of traditional Chinese medicines.

Vietnamese manufacturer
Many antimalarials are now produced in Viet Nam. In Viet Nam only 20% factories meet
GMP standards (ASEAN GMP), and 2005 is the Viet Nam deadline for full compliance. Viet Nam
has state-run and province-run pharmaceutical factories. At the moment the province-run factories
are more likely to meet GMP standards on time.

Raising standards/GMP in China
It is vital that Chinese manufacturers meet GMP standards. The deadline for this is 2004.
Now there is an interim phase while manufacturers try to get up to standard. This makes the current
position with regard to export difficult as the global demand is already there. African countries, the
Global Fund and other international organizations will be trying to procure drugs. WHO will have
to advise and is likely to suggest buying drugs only from GMP-approved manufacturers. There
needs to be an emphasis on partnership and communication so that people can achieve GMP
certification but so that other companies who are working towards this can still operate, including
exporting their drugs. Although some products do not have SDA GMP certification they are of high
quality and save lives every day. It is also important to remember that good manufacturing
processes and quality control are ongoing processes. GMP certification is not the end of the matter.
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2.5

Group discussions

(1)

Drug discovery and development

Promising leads in research were identified including:
•

Use of random screening to find new compounds. WHOIIDRithe Japanese Government
and the Japanese pharmaceutical industry have screened more than 12000 compounds of
which seven look promising.

•

MMV ongoing projects, in particular those involving lactate dehydrogenase, fatty acid
biosynthesis, protein farnesyl transferase, cysteine proteinases and synthetic peroxides of
which N89 is a lead compound.

•

Work on new antimalarial targets, e.g. sites of invasion, organelles,
glucosylphosphatidylinositol (GPI)-linked proteins, and the genome.

A specific example of a promising new drug is curdlan sulfate): a parenteral agent originally
developed as an anti-HIV compound but found to be effective against malaria parasites. Preliminary
research suggests it may increase the rate of coma resolution in children with cerebral malaria and
further studies are planned to take place in Zambia.

(2)

Pre-clinical assessment, toxicology and clinical assessment

Three combinations were identified as deserving priority for further development:
•
•
•

Artekin 2 - about to be registered in China.
Dihydroartemisinin-pyronaridine - a research plan is underway with Korea, however this
drug is less well advanced.
DHA-naphthoquine - still at a very early stage of development.

The sources of information for non-clinical data are:
(i)

Public Domain. A lot of this information is in Chinese. Ideally it should be
translated and published, e.g. in English.

(ii)

In confidence data: Some data could be made available in confidence, such as
toxicity data, e.g. Reprotox, mechanisms of action, efficacy (in vitro and animals),
drug interactions (additive or synergistic).

The methodology behind non-clinical data needs to be carefully examined to assess whether it
conforms to recognized standards of good practice. These data could contribute to the process of
application for drug registration.
Similarly, clinical data are available from:
(i)

Public domain data in Chinese needs to be translated

(ii)

In confidence data: pharmacokinetic, pharmacodynamic efficacy, side
effects/toxicity, drug interactions in patients, cost-benefit assessments.

These data would be used to design optimum dosing regimens to avoid purely empirical
dosing with the recognition that more pharmacokinetic, pharmacodynamic trials may be needed. A
coordinating group or centre was proposed; this could be WHO or an independent body.
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Non-clinical and clinical data would be reviewed and made public by this body and further studies
designed, e.g. children and pregnancy studies. Following this a data file could be generated for
regulatory purposes.
Once a data file has been compiled large multi centre trials could start. Centres wishing to
participate should be evaluated first in terms of demographic characteristics, local patterns of drug
resistance, the health system and proposed research methods. Correct processing of samples in
pharmacokinetic studies is critical.
Proper ethical clearance must be sought according to local practices. Governmental issues of
individual countries to do with licensing and funding should be taken into account.
Funding must be adequate for the drug to later be used as a treatment in that country where
the drug is being studied.
Summary of recommendations:
Consolidation of existing data by an agency
Cooperation from groups or institutions with data - pool and use for licensing
Expand network of trial centres
Licensing, funding and ethical issues of countries involved must be considered.

•
•
•
•

(3)

Chinese combinations in the pipeline

The current status of the newer Chinese antimalarial drug combinations and their international
competitors was reviewed and recommendations made to facilitate the drug development process.
Table 9: Current status of Chinese combinations
Combination

Status

Team/partners

Dihydroartemisinin+piperaquine
(registered)

Phase II

Guangzhou
Professor Li et al

Dihydroartemisinin+pyronaridine
(pyronaridine-registered)

Phase 0

Institute of Parasitic
Diseases, Shanghai

Dihydroartemisinin+naphthoquine
Phase 0
(NQ to submit for registration by 712002)
Dihydroartemisinin+piperaquine+trimethoprim Dossiers
ChinaiViet Nam
Combination
Status

CV-8

Registered in
VietNam

Guangzhou
Professor Li et al
Guangzhou
Prof. Li
Team/partners
National Institute of
Malariology, Parasitology
and Entomology, Ha Noi,
VietNam
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Table 10: Current status of combinations produced outside China

Combination

Status

Team/partners

Coartemether
Mefloquine-artesunate

Registered in several countries
Phase II

NovartislWHO
Mepha

Artesunate-pyronaridine

Phase 0

MMV

Amodiaquine-artesunate

Phase III trials

TDR

Methods of improving the development process of antimalarial combinations
Compare advantages and disadvantages of combinations in terms of:
•
•
•
•

Formulations and dosing
Issues of cross resistance with other drugs, e.g. aminoquinolines in the case of Artekin
Side effects
Whether a drug or combination is intended for regional or global use

Recommendations
•
•
•
•

Rapid accumulation of data on Artekin
More data needed on pyronaridinelDHA, Naphtoquine!DHA
Early technical review of existing data to extend partnerships
Consider intellectual property rights and licensing
(4)

Quality

Three areas were discussed:
(1) GMP: technical support for national malaria control programmes and drug regulatory
authorities is needed to develop a strategic plan for GMP implementation. This plan should
be reviewed, implemented and then reassessed.
(2) Support is needed for technology transfer regarding formulations, active pharmacological
ingredients, testing methodology and quality control management.
(3) Potential and existing partners include academic institutions, national agencies (e.g., the
SDA), MMV, United States Pharmacopeia, and WHO.
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Figure 3: Proposed model of drug development with the national malaria control programmes as the
primary focus:
NMCP+

Survey National
Industry (determine
companies producing
antimalarial drugs)

Drug
Authority

Team:
Review plan

...---..-

Submit
plans

NMCP
WHO

~

Request GMP
plans Ivoluntary)

1
..

Drug
companies

Drug
Regulatory
Authorities

Select companies with
potential, e. g. those
who have submitted
GMP plans.

NMCPslWHO/drug
authorities assist with
implementation of plans,
i.e. GMP training,
equipment needs

High quality
products to
market

Notes:
The model would need to be adapted to be country specific.
NMCP= national malaria control programmes

(5)

Antimalarial Drug Policy in China

Current policy Jor treatment ojJalciparum malaria in China
1st line: chloroquine(Y unnan), piperaquine(Hainan- but currently out of stock) in areas where
resistance rates are ::;30%.
2nd line: Artesunate, artemether, dihydroartemisinin, or pyronaridine - if resistance rates are
>30%.

3'd line: combination therapy including an artemisinin derivative (primaquine also used).
Group 5 agreed in principle that combination therapy is the optimum choice for the first line
treatment of malaria.

Obstacles to tiffordable combination therapy in China
•

Insufficient information as to which combination is better

•

Budgetary constraints

•

Optimum duration of treatment unclear

•

Health care providers in China are not used to the concept of combination therapy in malaria
treatment
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•

Combination treatments, if produced in China, are not available in the market in China

HolV can these obstacles be overcome?

• More information is needed from current research and drug companies

•
•

Combinations being produced need improvement
Translation of evidence into policy

3. CONCLUSIONS AND RECOMMENDATIONS

3.1

There is a need for antimalarial combination treatments containing artemisinin derivatives

Artemisinin derivatives are the key drugs to roll back malaria. They produce more rapid
resolution of fever and parasitaemia, with less side effects than all other antimalarial drugs. These
agents combined with other antimalarial drugs with different modes of action have promising
therapeutic advantages. With a short course of treatment they are highly effective and well
tolerated. To preserve their significant therapeutic advantages and delay the emergence of
resistance, artemisinin derivatives should always be used in combination. Although some
combinations where the partner drug is already widely available have proven effective, the longterm objective of delaying resistance is better served by deploying combinations where the partner
drug is not available as monotherapy.
3.2

Priority for developing combination products

Currently, several combinations containing artemisinin derivatives are being used or under
investigation.
•

Artemether-Iumefantrine, originally developed in China, is marketed in many countries and
the manufacturer has made it available to developing countries at the cost price ofUS$2.4 to
US$2.S per adult treatment through a special agreement with WHO. However this price is
still not affordable for most endemic countries. Ideally the dosing regimen should be
simplified as it is taken twice daily at present and requires co-administration of fat for reliable
absorption of the lumefantrine component.

•

Combinations of dihydroartemisinin and piperaquine have been developed by Chinese and
Vietnamese scientists. CV-8 is now produced in Viet Nam and used there in the public health
system in the most highly endemic areas of the country. With over two years of use in Viet
Nam, the experiences have been positive with consistently high cure rates.

•

Combinations of artemisinin derivatives with pyronaridine, and naphthoquine, are now
undergoing clinical trials in China.

•

Considering the urgent need for effective, safe and affordable antimalarial combination
products containing altemisinin in many endemic countries, efforts for product development
should be prioritized for such combinations, where the likelihood for early success in terms of
efficacy, safety, quality, suitability and affordability is high.

•

While all research results obtained should be used in decision-making and planning, it is
recommended that the development processes for new combinations follow the
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internationally accepted standards for drug development with proper phasing of pre-clinical
and clinical studies.
• . The current producers of quality artemisinin drugs as monotherapy are encouraged to reorient their production of oral formulations towards coformulated combination treatments
such as those mentioned above, once their efficacy and safety have been properly
documented.
3.3

Documentation of efficacy and safety data and drug registration processes

•

Documentation of efficacy and safety, and compliance of these products using proper
scientific methodology is needed to facilitate registration in countries where they are in great
need. Collaborative efforts among investigators from different institutions and countries will
help in pooling safety and efficacy data required for registration. For such collaborative
investigation, similar scientifically acceptable methods should be pursued, and similar
products must be used. Clarification is needed as to how much ofthis work needs to be
repeated for registration of a new coformulation when the constituent drugs have been used
separately in thousands of patients.

•

Cooperation and communication between national malaria control programmes and drug
regulatory authorities is essential for a proper registration process.

•

Registration should be based on internationally accepted standards for efficacy, safety and
quality.

•

Where such combination products are registered and put into early use on a large scale, a
pragmatic, operational and scientifically acceptable post-marketing surveillance system
should be established. Experience from Viet Nam with post-marketing surveillance of CV-8
could provide essential data for decision-making in other countries.

3.4
•

•

Production and quality assurance
The production of antimalarial products must follow international standards for GMP and
national standards for GMP should be adopted and implemented. Quality control of
antimalarial products must be included in the national pharmaceutical quality assurance
system. Antimalarial products included in national malaria control programmes should be
manufactured according to GMP. Drug regulatory authorities and quality control laboratories
should give high priority to the assurance of quality of artemisinin-containing combinations
and the promotion of GMP standards for these products.
Drug management and utilization and strategy to combat counterfeit products:
•

National strategies for improving drug management and drug utilization are needed
so that appropriate products are selected and their accessibility and availability
assured through good management practices. Rational drug use interventions must
be applied to ensure their appropriate use. Public education measures to raise
awareness of the existence of counterfeit drugs are needed.

•

It is of paramount importance to collaborate with law enforcement agencies and
other relevant partners to enforce legislation against counterfeiting.

II

II
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PROGRAMME OF ACTIVITIES

Friday, 16 November

0800-0830
0830-0910
0910-0930

0930-1000
1000-1015
1015-1025
1025-1110
1110-1120

1120-1130

1130 -1145

Registration
Opening ceremony
Content and objectives of the consultation
Keynote address: Roll Back Malaria - the need for new
antimalarial drugs.
- Mr David Alnwick, Project Manager, RBM, WHOIHQ
Coffee break
Antimalarial drug discovery and development
The Discovery of qing-haosu as an antimalarial
-ProfLi Ying. Shanghai
Antimalarial drug discovery in Japan
- ProfYusuke Wataya, Tokyo
The rationale for combining antimalarial drugs
- Prof Nicholas White, Wellcome Trust, Bangkok
The development in China of lumefantrine and its combination
With artemether
- ProfShi Xiao-chun. Beijing
The development in China of pyronaridine and its combination
with artemisinin derivatives
- Prof Chen Chang, Shanghai
Piperaquine and naphtoquine and their combinations with
artemisinin derivatives
- ProfLi Guo Qiao, Guangzhou

1145 - 1200

The development of antimalarial drugs in the world and the
Medicines for Malaria Venture
- Dr Robert Ridley, MMV, Geneva

1200 - 1230

Panel discussion

1230 - 1330

Lunch
Assessment of safety and effectiveness of combinations
Standard regulatory requirements for toxicology
-Dr David Ubben, MMV, Geneva
Developments in pre-clinical assessment in China
- ProfJiao You-qing, Beijing

1330 - 1400
1400- 1430

1430 - 1500

Methodological developments for clinical trials of antimalarial
drugs for uncomplicated malaria
- Dr Tranh Tinh Hien, Ho Chi Minh City
Friday, 16 November (contd)
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1500-1520

1520 -1550
1550 -1620
1620 -1640
1640 -1700

Status ofIDR supported clinical trials of combination
treatments
- Dr Piero Olliaro, IDR, WHOIHQ, Geneva

Coffee break
Capacity-building for clinical trials in China
- Prof Wang Jialiang, Chengdu
Post-marketing surveillance of CV 8 in Viet Nam
- Dr Le Dinh Cong, Ha Noi
Panel discussion

Saturday, 17 November
Qualitv and scale of production
0800 -0830
0830 -0900

0900 -0930

0930 -1000

The ISO approach, GMP
- Dr Peter Smith, USP, Rockville, Maryland
Validation of analytical methods in QAJQC
laboratory
- Dr Eric Sheinin, USP, Rockville, Maryland
Quality of antimalarial drugs in the Mekong
countries
- Dr Phillip Passmore, Perth, Australia
Implementation of GMP in China.
Regulation of drug production and marketing in China
- Dr Bai Hui-liang, State Drug Administration, Beijing

1000- 1030
1030 -1100

Panel discussion

1100 -1130

Scaling up the production of Artemisia annua and
artemisinin
- Prof Ding De-rang, Chongqing

1230 -1330
1330-1430

Lunch
Group discussions·

1400-1600
1600-1630
1630-1700

Coffee Break

1. Antimalarial drug discovery and development
2. Pre-clinical assessment (toxicology), clinical assessment and postmarketing surveillance
3. Chinese combinations "in the pipeline"
4. Quality of production
5. Antimalarial drug policy for falciparum malaria in China
today
Reports from groups

Conclusions
Closure
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SUMMARy OF OPENING AND CLOSING SPEECHES

In ~s o'p ening speech on behalf of Dr Shigeru Omi, Regional Director, WPRO, Dr Budiono
S~toso hlghh~ted the success of antimalarial drug development in China, notably since the
redlscovex:Y of qmghaosu as an antimalarial agent 25 years ago. Artemisinin derivatives are now
mark~ted m mo~t malru:a endemic countries in the world and provide the best treatment for severe
malm;a.. Ther.e IS growmg acceptance of the strategy of combination therapy to treat uncomplicated
~lana m whIch one drug in the combination is an artemisinin compound. There are obstacles to
ImplementIng thIS strategy, for example only a few combinations of this type have been properly
valIdated, and the ones that have are not affordable for most of the malaria patients in the world.
Chinese scientists have made a vital contribution to the development of some of the combinations
that have been validated and others still in early stages of development. The purpose of this meeting
was to accelerate the development of effective, safe, high quality, affordable malaria treatments by
identitying key areas where the Chinese scientists and manufacturers need cooperation.
In his opening speech Dr Chen Xianyi described the work of Chinese scientists and
professionals over five decades to develop new antimalarial drugs. Qinghaosu is a prime example;
this drug has been used in the control programme in China and exported to other countries. Malaria
incidence has been reduced to a very low level in China but continues in other parts of the world and
more antimalarial drugs are desperately needed. He called for a new and intensified effort, drawing
on existing knowledge and expertise but pushing for new breakthroughs in the pharmaceutical sector
and mobilizing resources to support poor countries in their efforts. In 1998 Dr Brundtland, Director
General of the WHO acknowledged China's support for the Roll Back Malaria project and in
particular the contribution of traditional Chinese medicine to malaria control. This meeting provides
a good platform to strengthen cooperation between Chinese scientists and producers of antimalarial
drugs and current and potential foreign partners, as well as WHO, on the development of
antimalarial drug combinations.
In his opening speech Dr Bai Hui-liang reiterated the purpose of the meeting as being to
strengthen antimalarial drug development and focus on issues of safety and production. China has
been successful in combating many parasitic diseases but many challenges remain. China is a world
leader in the development of the artemisinin derivatives but needs cooperation from overseas
partners. More than 30 pharmaceutical companies currently produce artemisinin derivatives, some
of which have GMP registration. There is already a precedent in China for cooperation with the
WHO on tuberculosis and diarrhoea-hopefully malaria will follow.
Mr Peng Jing opened by stating how WHO had a long history of cooperation with the
Chinese government for many years especially in Shanghai. He hoped the meeting would boost
malaria control technology and enhance cooperation with WHO and other countries.

In his closing speech Dr. Chen Xianyi spoke of the active participation during the meeting
with the aim of strengthening the international collaboration for the development of antimalarial
drug combinations among Chinese scientists, drug manufacturers and other international
collaborative partners. The officials from Chinese MOH and SDA gave a full exposition of the
urgency of developing antimalarials and how to utilize the treasure house of Chinese traditional
medicines to playa key role in malaria control programmes. Leaders from Shanghai Municipal
Bureau of Health outlined how to strengthen regional and international cooperation.
Annex 3
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A total of 19 presentations were made, covering 5 topics, including: strategies for
development of new antimalarials, pre-clinical assessment, production, management and quality
control of antimalarials, development of new antimalarials and their intellectual property, and
cultivation of quinghaosu.
He concluded that all the participants had had an active discussion and reached consensus on
certain issues. The meeting fully reflected the meaning of the word "combination" not only in terms
of putting drugs together, but also in recognizing the importance of different countries working
together. Hopefully through this meeting China, will enter a completely new stage both for
development of antimalarials and international cooperation.
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NEW WATER-SOLUBLE ARTEMISININ DERIVATIVES
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Type 3: SM 607 higher antimalarial activity than artemether Type 1, 2: more active than
artemisinin, some show antitumor activity in vitro
1. Yang YH, Li Yet aI, Bioorg Med Chern Lett 1995, 5: 1791

1. Liang J, Li Y, Chin J Med Chern 1996, 6: 2
2. Wang DY et al J Chern. Soc. Perkin Trans. I 1999: 1827
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WORKING PAPER

ASSAY OF ANTIMALARIAL DRUGS IN COMBINATION FORMULATIONS
by

Bruce Sunderland, Phillip Passmore, Michael Boddy
School ofPharmacy, Curtin University of Technology, Perth, Western Australia
GPO Box U1987, Perth 6845, Western Australia

Key Words: Antimalarials, Artemisinin derivatives, Combination Assays

ABSTRACT
PURPOSE OF STUDY:
To develop and validate assays for antimalarial combination formulations containing artemisinin
derivatives, piperaquine, trimethoprim and primaquine.

MATERIALS AND METHODS:
Combination tablets or caplets containing dihydroartemisinin, piperaquine phosphate, primaquine
phosphate and trimethoprim were assayed by high performance liquid chromatography using
acetonitrile/water and acetic acid admixtures. Active principles were extracted with 1% acetic acid
or acetonitrile and detection was at 230 nm for dihydroartemisinin, 263 nm for primaquine and 270
nm for trimethoprim. Piperaquine was assayed following extraction by UV spectrophotometry.

RESULTS:
The methodology enabled quantitative extraction of dihydroartemisinin, piperaquine, primaquine
and trimethoprim from its dosage forms. 230 nm was chosen to assay dihydroartemisinin because
interference from other compounds was unacceptable at lower wavelengths suitable for single drug
assays. In each case adequate separation from interfering peaks was achieved to quantitate the
analytical peak. Piperaquine could be extracted and assayed by uv spectophotometry with a
maximum at 345 nm. For the products assayed trimethoprim was 88.8, 91.8, 87.6, 87.2, 87.8
(assumed nominal 90) mg per tablet. Piperaquine P04 334.4, 312.0, 323.8, 332.2, 337.5 (assumed
nominal 320) mg per tablet, and dihydroartemisinin 20.9, 26.2, 25.8, 29.0, 28.4, (assumed nominal
32) mg/tablet. Primaquine phosphate was assayed in one sample at 1.9 mg per tablet whereas the
label claim was 5 mg per tablet. However, values for dihydroartemisinin possibly reflects the tablets
were assayed after their expiry date.

CONCLUSION:
A combination of HPLC and uv spectrophotometric methods were found appropriate for assays for
combination antimalarial products containing dihydroartemisinin, piperaquine phosphate,
primaquine phosphate and trimethoprim.
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INTRODUCTION

Artemisinin is extracted from Artemisia annua L. which is widely distributed in Europe,
North America, India and Asia [1]. It is a sesquiterpene lactone (Figure 1) with a peroxide
bridge which is considered essential for antimalarial activity.
Neither artemisinin nor dihydroartemisinin, an active metabolite from artesunate (Figure 1)
contain ultraviolet or fluorescent chromophores, hence assay by standard methods involves
the formation of derivatives or measurement of UV end-absorption which only occurs at
low wavelengths for these substances.
High Performance Liquid Chromatography (HPLC) methods employed for artemisinin and
its derivatives include direct injection methods with detection at 210-220 nm [2,3]. At these
low wavelengths the extinction coefficient remains low and results in reduced selectivity
and increased interference from other materials. Electrochemical and chemilurninescent
detection methods have been reported to improve sensitivity but both require the necessity
of maintaining a low level of oxygen in the chromatographic system [4,5].

a) Artemisinin (MW 282)

o
H-

H-

II

"II

II

Q-CCH 2CH2COOH
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o"

jI

I'
I
j

b) Artesunate

c) Dihydroartemisinin

(MW 384)

(MW 284)

Figure 1: Chemical structures of artemisinin (a), artesunate (b) and its active metabolite
dihydroartemisinin (c)
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Derivitisation .methods have been reported for post-column and pre-column reactions. Batty
et al [6,7] mIXed the column eluate with 1.2 M KOH in 90% ethanol to form a IN
absorbing chromophore detected at 290 nm. Pre-column methods have involved treatment
of artemisinin with NaOH solution with subsequent acidification of the unstable
intermediate to form a compound with a maximum IN absorbence at 260 nm (Figure 2).
The underlying issue with derivitisation reactions is their reproducibility.

o

•

ocf=J

o
Artemisinin

Q292

Q260

Figure 2: Derivitisation reactions of artemisinin for HPLC assay

MA TERIALS AND EQUIPMENT

Dihydroartemisinin (Batch 021095 or 071099 Mediplantex Hanoi, Vietnam). Artecom
Batch 981022, Artecom Batch 990405 Tonghe Pharmaceutical Company, Chongqing,
China. CV-8 Batch 070597, CV-8 Batch 020698, Central Pharmaceutical Factory No 26,
Ho Chi Minh, Vietnam. One sub-group packaged in foil, another in a plastic bottle.
Piperaquine phosphate, Tropical Medical Institute, Guangzhou University of Traditional
Medicine, China. Trimethoprim Batch 60H 0551 (Sigma USA). Primaquine phosphate,
Aldrich Chemicals 16039/3, Batch No 123224El, USA.
EQUIPMENT

High Performance Liquid Chromatographic (HPLC) assays were carried out using a Waters
Assoc 510 pump, 484 MS IN detector and Hewlett Packard integrator (HP3396A).
Materials were injected onto the column using a 20 /l1100p injector (Rheodyne 7025 Cotati
USA). All mobile phases were prepared from HPLC grade solvents, water was de-ionised
and passed through a Milli Q apparatus (Millipore Compo Mass. USA). Mobile phases were
filtered through an 0.2 /lm filter and degassed prior to use.
RESULTS AND DISCUSSION

Dihydroartemisinin is used in very few artemisinin formulations, however, it has been
incorporated into combination formulations evaluated in this laboratory. Combination
products have been developed to improve cure rates since there are high rates of
recrudescence with mono therapy ofless than one week in duration [8].
Dihydroartemisinin is an active metabolite. Artesunate, a hemisuccinate ester pro-drug is
rapidly cleared in-vivo to dihydroartemisinin.
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Detection of dihydroartemisinin using UV in conjunction with HPLC requires a low
wavelength. Other UV absorbing compounds give rise to interference with the assay of
dihydroartemisinin.
Sources of dihydroartemisinin raw material show some significant variation. For example,
in an assay involving acetonitrile (65%) and a flow rate of 1.5 mUmin at A=216 nm
dihydroartemisinin elutes at 4.15 minutes. Artemisinin (Batch No 251197) when run under
similar conditions gives a peak at 5.34 minutes. It is evident that dihydroartemisinin (Batch
No 021095) is considerably contaminated, most likely with arternisinin (Figure 3). A
second batch (071099) showed a peak at 4.31 minutes only achievable using much higher
concentrations (Figure 3).

START

STRRT
If

. st .299
2.ZS2
~.15e

~=====-- 1i.~1

STOP

SlOP
(a)

(b)

SJRRT

1.312

5.288
6.181

STOP

(e)

Figure 3: Contamination of dihydroartemisinin detected by HPLC
(a) Artemisinin (b) Dihydroartemisinin (Batch 021095)
(c» Dihydroartemisinin (Batch 071099)
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Table 1: Comparison of the AVC of the two different batches of
dihydroartemisinin from Mediplantex (Vietnam)

Mediplantex

Retention time (4.1 minutes)
AVC (10 mcg/ml)

100 mcg/ml

1000 mcg/ml
.

071099

0.001763 x 107

0.05574 X 107

0.4264 X 107

021095

0.1724 x 107

Not injected

Not injected

Data in Table 1 show that neither of these samples provide evidence of sufficient purity as
raw materials and could not be employed as analytical standards. These results can arise
from instability, contamination or adulteration. Preparative HPLC would provide a method
of collecting the solvent containing the dihydroartemisinin peak. Evaporation or solvent
extraction could be used to obtain dihydroartemisinin in a pure form
At 85% acetonitrile, the less polar solvent influences the retention time. The higher
wavelength of 230 nm shows several peaks with dihydroartemisinin at 3.32 minutes.
(Figure 4).
START

3.315

2.961

Figure 4: HPLC assay of dihydroartemisinin at 230 nm

Gradient elution from 55% to 85% over 10 minutes shows numerous components in the
sample, but generally a satisfactory separation, however, a loss of baseline owing to the
continuing change in solvent polarity (Figure 5).
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START

,-

5.991

TIHE'TASL£ STOP.
Figure 5: Gradient elution of dihydroartemisinin from 55% to 85%
acetonitrile at 230 nm

Careful optimization of the conditions and peak area measurement gave reproducible data
with respect to variation in wavelength as shown in Table 2. These data indicate no relative
change from samples with respect to wavelength, although less sensitivity occurs at the
higher wavelengths.
Table 2: Peak area ratios for dihydroartemisinin over the range 210-230 nm

Wavelength (nm)

Ratio 0710991021095

230
220
210

1.02
1.01
1.02
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Trimethoprim

Trimethopri~ is a dih~drofol~te reductase inhibitor acting in the same metabolic pathway as
the sulfonarmdes, actIve agamst a wide range of organisms. It has a chromophore with a
Amax at 288 nm in 20% acetonitrile/water and a more complex UV spectrum in acidified
In 80/20/0.5
80% acetonitrile with Amax values at 235 and 271 nm.
acetonitrile/water(acetic acid) it has a sharp peak at 270 nm which is well removed from
peaks arising to dihydroartemisinin (Figure 6).

START

5.152

STOP
Figure 6: HPLC 1race oftrimetboprim at 271 om

Piperaquine Phosphate

In 1% acetic acid has a Amax value at 345 nm and more complex peaks at 230-250 nm.
Development of an HPLC assay involved evaluation of various systems. In the system
80/20/0.5 acetonitrile/water/acetic acid with detection at 340 nm no peak emerged after 12
minutes.
In more polar solvents such as 20/BO/0.5 acetonitrile/water/acetic acid at 352 nm
piperaquine came out near the solvent front (1.47 min), an elution time unsatisfactory for
assays of complex mixtures. Raising the pH of the above medium did improve retention on
the column (2.Blmin) but still unacceptable. Change of solvent to methanol/water/acetic
acid Hexyl S03Na 70/3010.2/15 roM slightly improved retention (3.65 min) but not into a
location where complex admixtures could be adequately resolved.
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Primaquine Phosphate

Primaquine phosphate shows major peaks in 1% acetic acid at 226 and 263 nm. A peak of
lower extinction value occurs at 334 nm. Primaquine phosphate showed a peak with a
retention time of 6 minutes in the system 80/2010.5 acetonitrile/water/acetic acid with
detection at 263 nm and 2.5 mUmin flow rate (Figure 7). Trimethoprim has a relatively
strong uv absorbance at this wavelength. There is, however, sufficient separation to be able
to differentiate the peaks using peak height measurements (Figure 8). Both peaks were able
to give linear standard curves over primaquine phosphate concentration 0 to 8.0 mg/ml with
flow rates of 1.5 mUrilln, although base-line separation was not achieved. Another option
would be to identify if trimethoprim and primaquine show improved separation with
different solvent admixtures or using a solvent gradient.
START

If

5.992

Figure 7: HPLC trace of primaquine phosphate at 265 nm and a flow rate of2.5 mlImin

IF'

'--------------l<l,B~Z

ftM_1ASLE STOP

Figure 8: HPLC trace oftrimethoprim 100 mgllitre and primaquine phosphate 4.00 mgJIitre
at 263 nm and a flow rate of 1.5 mllmin
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Assay of Tablets containing Dihydroartemisinim, Trimethopim, Piperaquine Phosphate and
Primaquine Phosphate

Tablets were ground in a mortar and pestle and the contents extracted with an admixture of
1% acetic acid for trimethoprim, primaquine phosphate and piperaquine phosphate, and
extracted with acetonitrile for dihydroartemisinin on three occasions. The washings were
then quantitatively transferred to a 100 ml volumetric flask and made up to volume. For
dihydroartemisinin, a 20 III sample was injected onto the column and the peak area at ",=230
nm was measured at 3.32 min for dihydroartemisinin. It was noted that baseline separation
was not achieved for this sample, however, the peak was symmetrical inducing little error
when peak height rather than peak area was utilized. Analytical data were confirmed using
the solvent gradient methodology.
Trimethoprim achieved appropriate analytical resolution at ",270. It was a well resolved
peak with a retention time of 5.2 min (Figure 6). Primaquine phosphate, a non-stated active
substance gave a minor peak in the tail oftrimethoprim for two samples assayed (Figure 9).
This material had the same retention time as primaquine phosphate. Primaquine phosphate
was assayed quantitatively from the assay methodology indicated in Figure 8.

START

5.898

6.938

Figure 9: Interference of the trimethoprim HPLC trace by
primaquine phosphate

Owing to difficulties in the development of an HPLC assay for piperaquine phosphate, it
was decided that as it had a strong chromophore around 345 nm which was much higher
wavelengths than the other components that UV measurement at 345 nm (Al%lcm=337.5)
would provide an adequate quantitation. It is evident that the close correlation achieved
between a standard and the extracted sample over the range 300-380 nm provided strong
support for no interference from other compounds which exhibited markedly different UV
absorption spectra (Figure 10).
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Sample 5 included primaquine phosphate as a label claim which was assayed in this case by
peak height versus a standard at two retention times.
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Figure 10: UV spectrophotometric assay of piperaquine phosphate
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The final assay results for the four samples investigated are shown in Table 3.

Table 3 : Assay results for Combination Formulations

SAMPLE I

SAMPLE 2

Expiry date

SAMPLE 3

SAMPLE 4

SAMPLE 5

05/99

05/99

06/2000

3/2001

3/2001

312001
8 caplets

Date analysed

312001

Quantity supplied

3x8 tablets

8 tablets

8 caplets

8 caplets

Colour

Green film-coated

Green film-coated

Red film-coated

Red film-coated

Red-film coated

Amount left

20 tablets

4 tablets

5 caplets

8 caplets

39 caplets

Label Claim

Dihydroartemisinin
Piperquine
Phosphate
Trimethoprim

Dihydroartemisinin
Piperquine
phosphate
Trimethoprim

Dihydroartemisinin
Piperquine
phosphate
Trimethoprim

Dihydroartemisinin
Piperquine
phosphate
Trimethoprim

Tablet weights
(rng)

591..5,600.1,
593.4,601.8,594.7

571.3,571.4,
570.5,565.8

687.3,691.6,
685.8,692.4, 704.3

688.3,695.8,
713.3,791.8,684.5

Mean weight

596.3

569.8

692.3

696.7

Dihydroartemisinin 32
mg
Piperquine phosphate
320mg
Trimethoprim 90 rng
Primaquine phosphate
5 rng
696.5,698.2,710.8,
699.7,697.1,716.1,
691.7
701.4

% Film

5.42

2.79

5.25

5.00

5.09

% Contents

94.58

97.21

94.75

95.00

94.91

ASSAY
No. ground for
assay
Trimethoprirn

3/2001

5

4

5

5

7

88.8 rng/Tab

91.8 mglTab

87.6mglTab

87.2 rng/Tab

87.8 rnglTab

Primaquine P04

0.0 mgITab

0.0 rngITab

2.1 mg/Tab

2.0 mglTab

1.9 mglTab

Piperquine P04

334.4

312.0

323.8

332.2

337.5

Dihydroartemisinin

20.9

26.2

25.8

29.0

28.4

CONCLUSION
Artemisinin and its related compounds provide challenges in assaying owing to their lack of a
chromophore. Analysis by UV detection using HPLC methods at short wavelengths lack sensitivity
because of interference from other components including solvents. Such assays are more difficult in
the presence of other compounds with UV absorbing chromophores.

It has been demonstrated that complex formulations containing dihydroartemisinin,
trimethoprim, primaquine phosphate and piperaquine phosphate can be successfully assayed by
HPLC and UV spectrophotometry. An unexpected finding was the inclusion of primaquine
phosphate in two of the products assayed, where its inclusion was not on the label.
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