Clinical Drug Trials
Drug resistance to chloroquine in P. falciparum was
reported in India for the first time from Assam in 1973.
Since then the foci of resistance have spread to many
more states all over India. The situation has further
deteriorated in the recent past due to parasite
becoming resistant to other available drugs in addition
to chloroquine. Sulphadoxine-pyrimethamine, a
second line drug for P. falciparum is not effective for
P. vivax malaria. Quinine is still effective but as oral
monotherapy it has limited role in mild malaria
because of 7-day regimen. Mefloquine and artemisinin have specific indications. Therefore, new drugs
and treatment strategies need to be developed as a
priority.
Development of new drugs involves extensive
pre-clinical and toxicological studies followed by wellplanned clinical trials. At NIMR, a number of new
drugs have been screened in clinical trials for
evaluation of safety and efficacy. Based on these
data, the drugs have been registered with Drugs
Controller General of India for commercial marketing
and also for use in national programme under
NVBDCP.
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Artemisinin is an active constituent of plant
Artemisia annua , a Chinese herb (Qinghaosu).
Artemisinin and its derivatives are most rapidly acting
schizonticides valuable for emergency treatment of
complicated malaria as well as multi-drug resistant
falciparum malaria. Sodium artesunate, artemether
and arteether are three formulations registered in
India. Arteether is oil soluble ethyl-ether derivative of

artemisinin. α, β- Arteether (30:70 mixture racemic)
was developed jointly by Central Institute of Medicine
and Aromatic Plants (CIMAP) and Central Drug
Research Institute (CDRI) and clinical efficacy trials
were conducted and co-ordinated by NIMR. Phase
III multicentric trial was conducted at seven centres
on 267 uncomplicated falciparum malaria patients
and 211 complicated falciparum malaria cases
(Valecha et al 1997; Asthana et al 1997). It was
prospective, open and non-crossover study. Adult
dose of drug was 150 mg once a day intramuscularly
for three consecutive days. The cumulative cure rates
ranged from 93–100%, parasite clearance in 24–40
h, while fever clearance was in 36–75.6 h (Figs. 12
and 13). Based on the results of these Phase III trials
the drug α, β-Arteether marketed by M/s. Themis,
India as EMAL was registered for use in India in 1996.
Now the drug has been included in the National
Vector Borne Disease Control Programme.

Bulaquine (80/53)
Plasmodium vivax malaria constitutes 60–65%
cases of malaria in India. Although mortality is low
due to this infection, relapses occur due to
persistence of hepatic forms. The only drug available
for preventing these relapses is primaquine, which
can cause haemolysis in G-6-PD deficient cases. In
the quest for safer substitute, CDRI developed
activated enamine of primaquine which is chemically
N-(3-acetyl 4-5-dihydro-2-furanyl)-N-(6-methoxy-8quinlinyl) 1,4-pentadiamine. This new drug is safer
than primaquine as evidenced by toxicological and
haematological studies in beagle dogs and in vitro.
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Fig. 12: Mean parasite clearance time in uncomplicated P. falciparum malaria treated
with α−β arteether
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Fig. 13: Mean parasite clearance in complicated P.
falciparum malaria treated with α−β arteether
80
70
60
50
40
30
20
10
0

Relapse

DAY 28

Jamshedpur Rourkela
(n=100)
(n=50)

DAY 21

Guwahati
(n=14)

n=1

DAY 14

Bhilai
(n=47)

n=5

DAY 7

0

n=4

DAY 4

10

n=9

DAY 3

20

DAY 2

HOURS

30

0.35
n=6
0.30
n=8
0.25
0.20 n=16
0.15
0.10
n=31
0.5
n=41
0
DAY 1

40

DAY 0

% PARASITAEMIA

50

Fig. 15: Comparative parasite clearance time with
chloroquine and Ayush-64

in P. vivax malaria patients at the Centre in
collaboration with NAMP (Valecha et al 2000). Results
showed that with Ayush-64 cure rate on Day 28 was
48.9% at a dose of 1 g three times a day for 5–7
days as against 100% with chloroquine 1500 mg over
three days (Fig. 15).
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Fig. 14: Per cent relapse rates in primaquine, 80/53 and
placebo groups

Phase III, double blind, prospective and noncrossover clinical trial was conducted at NIMR, Delhi
comparing placebo, primaquine and 80/53 for antirelapse activity during one year follow-up (Valecha
et al 2001; Adak et al 2001).
A total of 697 patients of P. vivax malaria were
enrolled and drugs were given for 5 days after treating
acute episode with chloroquine. The doses used were
primaquine 15 mg and bulaquine15 mg orally daily.
During one year follow-up, relapse rates in placebo
group were 40.18%, in primaquine group 26.8%,
while in 80/53 group 29.6%. This shows that
bulaquine was better than placebo and as effective
as primaquine in preventing relapses (Fig. 14).
The drug has been registered and marketed for
use as anti-relapse drug for P. vivax malaria in India.
Further studies are being planned by MMV in
collaboration with CDRI, NIMR and Nicholas Piramel.

Ayush-64
Ayush-64 is a combination of four plants namely
Alstonia scholaris (aqueous extract of bark–1 part)
Picrorhiza kurroa Royle (aqueous extract of rhizome–
1 part), Swertia chirata (aqueous extract of whole
plant–1 part) and Caesalpinia crista Linn (fine powder
of seed pulp–3 parts).
The drug was patented by the Central Council
of Ayurveda and Siddha and to confirm the efficacy
in well-designed scientific trial, open prospective, noncrossover, randomised clinical trial was conducted

Azithromycin, an azalide antibiotic similar to
erythromycin has been shown to possess good
antimalarial activity in human malaria challenge
studies. In addition, when used for treating other
diseases the numbers of episodes of febrile
parasitaemia due to P. falciparum were reduced. The
drug has, therefore, been used in a number of studies
and shown protective efficacy of 71–98% in
falciparum and vivax malaria. The drug has an
additional advantage that it can be given to pregnant
women and infants. Considering the potential of the
drug and the limitations of existing drugs to treat
malaria, a randomised, double-blind, comparative
Good Clinical Practice (GCP) study was undertaken
to explore antimalarial activity of azithromycin in the
dose of 1g/day for 3 days in vivax malaria in
comparison to standard chloroquine treatment in the
dose of 1500 mg over 3 days.
The results indicate that by the Day 7 more
patients given chloroquine had resolved their fever
compared with those who received azithromycin [99%
(101 of 102) versus 88% (87 of 97), respectively;
95.1% CI on the difference: –18, –4] (Table 5) (Dunne
et al 2005).
The clinical outcome measures are supported by
parasitologic response. Patients receiving
azithromycin were slower to resolve their parasitaemia
compared with those getting chloroquine with 44 and
93% having negative peripheral blood smears at
Day 3, respectively (Fig. 16).
In conclusion, azithromycin given as 1 g per day
for three days resulted in an 88% clinical response rate
by Day 7 but was not as active as chloroquine.
Although it appeared to be better tolerated overall, the
slower onset of action of azithromycin delayed the time
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Table 5. Clinical response in patients treated with azithromycin and chloroquine
Variable

Clinical response
Day 3
Day 7
Day 28
PC50 (h)
PC90 (h)

5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

Chloroquine
n =102 (%)

Difference
(95.1% CI)

P-value

72 (74)
85 (88)
86 (89)
55
96

96 (94)
101 (99)
101 (99)
20
40

20 (–30, –10)
11 (–18, –4)
10 (–17, –3)

< 0.001
0.003
0.006

Chloroquine

PARASITE/ml

Azithromycin

Azithromycin
n = 97 (%)

0

16

32 48

64 80 96 112 128 144 164
TIME (H)

Fig. 16: Parasitaemia (mean) for patients treated with
azithromycin and chloroquine (Ref.: Am J Trop
Med Hyg 2005; 73(6): 1108–1111).

to clinical improvement. These data provide support
for further study of azithromycin to better define its role
in the treatment of P. vivax malaria, either alone as
second line treatment or in combination with other
active therapies.
Azithromycin has also demonstrated in vitro and
in vivo activity against P. falciparum , but small
treatment studies have given mixed results. A
multicentric study of azithromycin, alone and in
combination with chloroquine, for the treatment of
acute uncomplicated P. falciparum malaria was
undertaken in India. Participants with fever and with
both a blood smear and a rapid diagnostic test
positive for falciparum malaria were randomly

assigned to groups that were treated with either
azithromycin or chloroquine or to matched groups
receiving a placebo. After an interim analysis, openlabel combination therapy with both drugs was
initiated.
On Day 28, 5 (33%) of 15 participants in the
azithromycin-treated group had remained free of
fever, compared with 4 (27%) of 15 in the chloroquinetreated group. All subsequently enrolled participants
then received combination therapy with azithromycin
and chloroquine. In 61 (91%) of 67 participants,
resolution of fever and parasitaemia had occurred
by Day 7, and through Day 28, no clinical or
parasitologic relapse had occurred in them (Table 6)
(Dunne et al 2005). In conclusion, resolution of
parasitaemia was inadequate with monotherapy with
either azithromycin or chloroquine, but combination
therapy provided substantially improved clinical and
parasitologic outcomes.

Arterolane (RBx 11160)
A phase II, double-blind, parallel-group,
randomised, dose-ranging study assessing the
antimalarial activity and safety of RBx 11160
administered for 7 days in patients with acute
uncomplicated P. falciparum malaria was undertaken.
RBx 11160 (Arterolane) a new peroxide, is a
synthetic trioxolane that is easy to synthesise,
inexpensive, achiral and orally rapidly acting with high
anti-malarial activity. It is a potential new anti-malarial

Table 6. Clinical-response data of monotherapy and combination therapy with chloroquine and azithromycin
Outcome

Day 3
Cure
Failure
Day 7
Cure
Failure
Day 28
Cure
Failure {relapse}
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Monotherapy
Azithromycin
Chloroquine
proportion (%)
proportion (%)

Difference
95% CI

Combination therapy
Azithromycin
and chloroquine

95% CI

9/16 (56)
7

14/16(88)
2

–63 to 7

61/64 (95)
3

87 to 99

10/16 (63)
6

14/16 (88)
2

–58 to 13

61/63 (97)
2

90 to 99

5/15 (33)
10 {4}

4/15 (27)
11 {9}

–29 to 46

61/63 (97)
2

90 to 99
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agent with demonstrable activity in pre-clinical models
and a substantial safety margin between an effective
dose for malaria and the toxic dose. Mechanism of
action is by reductive activation by haem, released
as a result of haemoglobin digestion and irreversible
redox reaction produces carbon-centered free
radicals, leading to alkylation of haem and proteins
(enzymes). One enzyme is the sarcoplasmic
endoplasmic reticulum ATPase, PfATP6.
Pharmacological studies carried out indicate that
RBx 11160 is safe and does not produce any clinically
significant effect on behavioural parameters and
cardiovascular systems. The present study was
designed to assess the clinical safety and efficacy of
three dose levels of RBx11160 (50 mg, 100 mg or
200 mg), administered for 7 days in patients with
acute uncomplicated P. falciparum malaria. Primary
objective of the study was to compare 3 (50, 100
and 200 mg) RBx 11160 dose levels administered
orally for 7 consecutive days on time to 90% parasite
clearance (PC90) in patients with acute uncomplicated
P. falciparum malaria and to identify the most
appropriate dose of RBx 11160 for further
investigation.
A double-blind, multicentric, randomised, parallelgroup, dose ranging study of the antimalarial activity
and safety of 3 (50, 100 and 200 mg) RBx 11160
dose levels administered as a single dose orally for
7 consecutive days was conducted as part of
multicentric study in Thailand, Africa and India.
Patients were randomised to 1 of 3 dose groups. The
trial was conducted according to GCP guidelines.
Male or female patients aged 13 to 65 years,
with no clinical evidence of severe malnutrition and
presence of acute uncomplicated falciparum malaria
with asexual parasitaemia between 1000 and
100,000 asexual parasites/µl blood were included.
The multicentric study was completed in 80
patients at Rourkela field unit (Table 7) in
collaboration with Ispat General Hospital, Orissa. All
the three doses resulted in parasite clearance in all
the patients by Day 7 and drug was well-tolerated.
Further studies are planned in combination with longacting antimalarial. In conclusion, RBx 11160
(Arterolane) is an effective synthetic alternative to
Artemisinin and further studies in combination with
long-acting partner drugs are important.
Table 7. Final global enrolment status of the
arterolone trial
Study centre
Bangkok, Thailand

Patients
enrolled
90

Rourkela, India

80

Bagamoyo, Tanzania

43

Kivunge, Zanzibar

17

Total

230

Combination Therapy
Artesunate+Sulpha-Pyrimethamine
Artesunate with SP in the dose of (AS 4 mg/kg/
day × 3 days; SP 500+25 mg/kg single dose) has
been recommended as second line regimen in areas
with >10% treatment failure with chloroquine in the
national drug policy. The efficacy of regimen was
evaluated in different epidemiological settings in India
using standard WHO efficacy protocols. Although
there is evidence of SP resistance in some areas
and DHFR mutations are present (Sharma 2005),
the regimen at present shows high cure rates of >95%
in study sites in Madhya Pradesh, Orissa and Assam
(Fig. 17). However, since this regimen is available
as blister pack and not as fixed dose formulation,
there may be issues of compliance.
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Fig. 17: Study sites for efficacy of artesunate and sulphadoxine-pyrimethamine

Artemether-lumefantrine
Artemether-lumefantrine is the only widely
available co-formulated artemisinin combination
therapy that is produced to international good
manufacturing practice standards and has been
adopted by many countries. Although one study was
conducted in India in the year 2000 with four dose
regimen of co-artemether, the drug was registered
for restricted use only and has not been included in
national programme till date. The present study is
the first report on efficacy of co-artemether in two
endemic regions of India following the WHO
therapeutic efficacy protocols. The study was
undertaken in Kamrup district, Assam and Keonjhar
district, Orissa (Fig. 18). It was open single arm
prospective trial based on 2003 WHO therapeutic
efficacy protocols. The primary end point was 28 day
cure rates. Secondary end points included proportion
Clinical
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Fig. 18: Study sites for efficacy of artemether-lumefantrine

of parasitaemic patients on Days 1, 2 and 3 and posttreatment gametocyte carriage.
Patients with microscopically confirmed P.
falciparum malaria (asexual parasites 100–1000/μl)
with fever or history of fever in proceeding 24 h and
who gave voluntary consent were enrolled in local
clinics. Pregnant or lactating women and children
under 5 kg body weight were excluded. After
complete physical examination, patients were given
six dose regimen of artemether-lumefantrine with
biscuits and glass of water. The treatment was directly
observed and follow-up was done on Days 1, 2, 3, 7,
14, 21 and 28.The cumulative risk of failure was
assessed by survival analysis with the Kaplan Meir
method. The results indicated excellent efficacy and
safety of the combination. On the 28 day, cure rate
was 100% in Assam and 98.6% in Orissa.

affordable cost make it ideal for resource constrained
countries. DHA + PPQ is highly effective and tolerated
by all age groups. DHA is active metabolite of
Artemisinin Piperaquine related to CQ and has similar
mechanism of action and is long-acting. The dose
regimen includes 3-day therapy (2.1 mg/kg DHA and
16.8 mg/kg piperaquine). Reported side-effects are
vomiting, dizziness and nausea.
The primary objective of the study was to
measure the Day 63, PCR corrected cure rates of
Artekin and AS+MQ and demonstrate that the cure
rate of Artekin is non-inferior to that of AS+MQ (noninferiority margin = 5%). The study was conducted
at three sites in India, namely Goa, in collaboration
with Goa Medical College & Hospital; Mangalore in
collaboration with Wenlock District Hospital,
Mangalore, and Guwahati in collaboration with Down
Town Hospital (Fig. 19). Investigators meetings were
held before starting the study.
This was a phase III, randomised, open-label,
two arms study to include 1050 patients (700
DHA+PPQ and 350 AS+MQ) at all the sites in India
and other countries. In order to ensure concealment
of treatment allocation and avoid other biases the
randomisation was under blind conditions and
treatment allocation was concealed until the final
recruitment of the patients. The primary endpoint was
the PCR-corrected adequate clinical and
parasitological response (PCR corrected ACPR) on
Day 63. Patients classified as failures by clinical and
parasitological criteria were considered ACPR if the

DHA+Piperaquine
Phase III, randomised, non-inferiority trial, to
assess the efficacy and safety of Dihydroartemisinin
+ Piperaquine (DHA+PPQ, Artekin) in comparison
with Artesunate+Mefloquine (AS+MQ) in patients
affected by acute, uncomplicated Plasmodium
falciparum malaria was conducted.
Artekin TM was developed in China and is
registered in China and Cambodia. It has been
evaluated extensively in clinical trials in Thailand,
Vietnam, Cambodia and China. Efficacy has been
high and tolerability uniformly excellent in all trials in
these multidrug-resistant areas. ArtekinTM is a second
generation artemisinin-based combination therapy
(ACT) with similar efficacy to that of Coartem
(artemether+lumefantrine) or Artesunate+Mefloquine
but with a simpler dosing scheme that will aid better
compliance. Moreover, its good safety profile and
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Fig. 19: Study site in Goa (above) and laboratory
investigations in progress in Guwahati (below)
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Table 8. Enrolment status for DHA + Piperaquine
at study sites in India
Guwahati Mangalore
Number enrolled

69

57

Goa
28

Screen failures

1

3

0

Number finally enrolled

68

54

28

Number of patients
completed the study

65

30

27

PCR analysis showed a new infection rather than a
recrudescence.
Males and females aged >18 years having
microscopically confirmed, monoinfection of P.
falciparum (asexual forms parasitaemia > 1000/µl
<100,000/µl or mixed infection), history of fever or
presence of fever (temperature at > 37.5°C) were
included. Tablets containing 40 mg of dihydroartemisinin and 320 mg of piperaquine for adult
patients or containing 20 mg of dihydroartemisinin and
160 mg of piperaquine for infants were administrated
for three days. Altogether 154 cases of P. falciparum
were enrolled at all the sites (Table 8). Artekin appears
to be an effective and well-tolerated combination
regimen.

Artesunate + Amodiaquine
Multicentre, open-label, randomised clinical trial
of efficacy and tolerability of the fixed-dose
artesunate/amodiaquine (AS/AQ) combination
therapy and amodiaquine (AQ) monotherapy for
treatment of uncomplicated falciparum malaria in
India
DNDi (Drugs for neglected diseases initiative) is
working to test, register, and introduce fixed dose
combinations of artesunate/amodiaquine (AS/AQ) for
use in Africa and artesunate/mefloquine (AS/MQ) for
use in Asia and Latin America. These combinations
have already demonstrated excellent efficacy and
rapid cure rates with acceptable tolerability when
used as free associations. At present only one ACT
(artemether- lumefantrine – Coartem®) is available
as a fixed dose drug in which both compounds are
co-administered. Co-packaging of the combination
partner drugs in a blister is highly recommended in
order to make them user-friendly, and to increase
adherence to the complete therapy. DND i in
association with UNICEF-UNDP-World Bank-WHO
(TDR) is developing a new fixed-dose combination

Fig. 20: Monitoring of patient at Mahadevi Birla Hospital,
Ranchi

of artesunate and amodiaquine that will allow a simple
treatment of just three days, with a single daily
administration of two tablets. Since WHO has
decreed that artemisinin-based combinations be used
in malaria endemic countries, the testing of AS/ AQ
is relevant for informing drug policy makers.
Comparing AS/AQ with chloroquine, the current first
line drug, would not be an optimal choice because
chloroquine will have to be replaced in future. The
present study with AS/AQ and AQ will generate data
on amodiaquine for the first time in India.
Primary objective of the study was to measure
the clinical and parasitological efficacy of the fixeddose artesunate/amodiaquine combination therapy
among children and adult patients suffering from
uncomplicated falciparum malaria, by determining the
proportion of patients having negative peripheral
smear for malaria without relapse before 28 days
(cure rate).
The study design was multicentre, open-label
randomised clinical trial in two parallel groups: fixeddose AS/AQ combination therapy (group A) and AQ
monotherapy (group B). The study was conducted
at Ranchi (Fig. 20) and Rourkela in collaboration with
Community Welfare Society Hospital, Rourkela.
Investigators meeting was held at Ranchi. The
inclusion criteria were children and adults from 6
months to 60 years of age and P. falciparum
parasitaemia in the range of (1000–100,000 asexual
parasites/µl). Patients with any other concomitant
condition, infection by P. vivax pregnancy, anaemia
and deranged liver function tests were excluded.
Although both the regimens were effective of enrolled
300 patients but the combination was superior to
monotherapy.
❑
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