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This chapter consists of a full length text article to be submitted to Antimicrobial Agents and 

Chemotherapy.  In this chapter the author guidelines are given, followed by the article prepared 

according these guidelines.  The aims discussed in this chapter were: 

1) to determine the in vitro efficacy of artemisone and its major active metabolite M1 on P. 

falciparum strains and also to evaluate the potential of the Pheroid® system to enhance 

the activity of artemisone 

2) to determine if artemisone reference and metabolite M1 induce dormant parasites in the 

P. falciparum W2 strain and if the Pheroid® delivery system has an effect on the 

induction of dormancy.  
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Abstract 

Artemisinin and its derivatives are the most potent antimalarial drugs currently available 

but are associated with high rates of in vivo recrudescence following monotherapy.  A 

plausible explanation for this recrudescence is the dormancy phenomenon, where the 

artemisinins temporarily arrest the development of ring stage parasites.  The effect of 

the Pheroid on the in vitro antimalarial activities of artemisone and on the ability of 

artemisone to induce dormancy was evaluated.  The in vitro antimalarial activities of 

artemisone and its active metabolite M1 were compared with that of artesunate and 

dihydroartemisinin against sensitive and multidrug resistant strains of Plasmodium 

falciparum.  Artemisone and its active metabolite M1 were also evaluated for its ability 

to induce dormancy in the chloroquine-resistant W2 P. falciparum laboratory strain.  The 

Pheroid did not influence the in vitro activity or induction of dormancy of artemisone.  

Artemisone abruptly arrested parasite growth and induced dormant ring stages in a 

similar manner to dihydroartemisinin.  Nevertheless, artemisone was the most active of 

the three artemisinin derivatives evaluated.  

 

1. Introduction 

Artemisinin and its derivatives are the most potent and rapidly acting drugs for the 

treatment of Plasmodium falciparum malaria, the most prevalent and lethal of 

Plasmodium species1.  The artemisinins reduce the parasitic load by up to 10,000-fold 

per asexual cycle and until recently most patients became blood smear negative within 

3 days of commencing daily artesunate treatment2. However, this class of antimalarial 

drugs is associated with high recrudescence.  To circumvent the high rate of 

recrudescence (up to 50% after artesunate monotherapy)3, artemisinin-based 

combination therapies (ACTs) are now used worldwide for the first-line treatment of 

uncomplicated P. falciparum malaria4. 

 

ACTs are effective because the artemisinin component reduces the parasite load 

rapidly, while the longer half-life partner drug eliminates the remaining parasites4.  

However, there are serious concerns about the emergence of artemisinin resistance in 

Southeast Asia (Cambodia, Myanmar, Thailand and Viet Nam), as evidenced by reports 
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of prolonged P. falciparum parasite clearance time in vivo4,5,6,7, which is currently the 

best marker of resistance.  Genetic investigations have yet to uncover molecular 

markers for artemisinin resistance8.  Testing patient isolates with and without prolonged 

parasite clearance times by standard in vitro assays have revealed inconsistent 

findings: no significant differences in DHA 50% inhibitory concentrations (IC50) were 

reported6, whereas there were several-fold differences in IC50 values reported later9.  

 

It is not clear why patients treated with artemisinins experience high rates of 

recrudescences, because retreatment with artemisinins is generally effective in 

eliminating parasites.  A plausible explanation for recrudescence is a quiescent state or 

dormancy that protects ring stage parasites against artemisinin exposure2,10,11.  The 

artemisinin-treated ring stages of P. falciparum have the ability to enter a temporary 

growth arrest or dormant state, wherein they can survive drug treatment.  These 

parasites are capable of resuming normal growth once drug pressure is 

removed10,11,12,13.  In support of the dormancy concept microarray studies show that 

these dormant rings enter into transcriptional arrest until parasite growth is resumed14,15.  

This dormancy phenomenon is linked specifically to artemisinins since other classes of 

antimalarial drugs such as quinine do not induce dormancy12.  Dormant parasites with 

similar morphology to those formed in vitro are also observed in vivo in rodent malaria 

models treated with artesunate16. 

 

Artemisone, a 10-alkylaminoartemisinin, is a new artemisinin derivative that has a 

potent antiplasmodial activity, superior in vivo elimination half-life, good oral 

bioavailability and metabolic stability, and no neurotoxicity17 (Figure 1).  Artemisone is 

well-tolerated in humans18 with a curative effective dose of approximately one-third that 

of artesunate19.  Thus, artemisone appears to be an attractive candidate partner drug 

for fixed-dose ACTs. 
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Figure 1: Structure diagrams of artemisone and its metabolite M1 

 

The problem of parasite recrudescence after artemisinin monotherapy is a common trait 

amongst all artemisinins10.  This also appears to be the same for artemisone based on 

in vivo studies in non-human primates.  In a study where Aotus monkeys were treated 

with the chloroquine-resistant FVO strain of P. falciparum with either artesunate (n=3 

monkeys) or artemisone (n=4 monkeys) at 10 mg/kg/day for 3 days, the artemisone-

treated group cleared parasites within 24 h, whereas parasites were still present after 

48 h in the artesunate-treated group.  One monkey in the artemisone group was cured, 

and the other monkeys recrudesced between days 20 and 29.  In contrast to 

artemisone, all monkeys recrudesced after artesunate treatment, with parasites 

reappearing between 9 and 20 days.  When artemisone (10 mg/kg) was combined with 

mefloquine (5 mg/kg) as a single oral dose or was given 10 mg/kg/day with 

amodiaquine (20 mg/kg/day) for 3 days, the monkeys were completely cured20. 

 

It is well known that drug formulation can markedly affect the oral bioavailability and the 

efficacy of drugs.  By using liposomes as the drug delivery system, both the 

pharmacokinetics and antimalarial efficacy of artemisinin was enhanced21,22.  Self-

emulsifying drug delivery systems also enhanced the antimalarial efficacy of β-

arteether23.  Liposomes containing β-artemether prevented malaria recrudescence in 

Plasmodium chabaudi infected mice24. 
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Entrapment of anti-infective agents for the treatment of HIV25, tuberculosis25,26 and 

malaria25,27,28,29,30,31,32,33,34,35 into Pheroid® technology has been reported to increase the 

efficacy and/or oral bioavailability of drugs.  In particular, entrapment of 

chloroquine27,28,32,33, amodiaquine27,32, mefloquine27,28,30, artemeter27,29,30,33, 

artemiside29, artesunate27,29,31 and artemisone29 showed significant enhancement of in 

vitro efficacy in Plasmodium falciparum strains.  The entrapment of amodiaquine32 and 

artemisone34 showed significant enhancement of in vivo bioavailability in rodents and, in 

the case of chloroquine, in vervet monkeys35.   

 

Pheroid® technology is a lipid-based colloidal drug delivery system capable of self-

assembly that is able to capture, transport and deliver active pharmaceutical 

ingredients.  Pheroid® contains mainly vitamin F ethyl ester), polyethoxylated castor oil 

(Kollifor), α-tocopherol, nitrous oxide-saturated water and occasionally polyethylene 

glycol (PEG)363738.  By varying the ratios of components and/or the preparation process, 

the size, structure and type of the Pheroid® formulations can be manipulated26.  

Pheroid® vesicles, microsponges or pro-Pheroid® can be prepared.  The pro-Pheroid® 

formulations consist of an oil phase saturated with nitrous oxide gas and upon addition 

of the water phase, Pheroid® micro- and nano-particles form spontaneously26. 

 

In this study, we investigated the effect of Pheroid® on the in vitro antimalarial activity of 

artemisone and its effect on dormancy.  If the Pheroid prevent the induction of 

dormancy in vitro, it may circumvent the high rate of recrudescence of artemisinins in 

vivo.  We investigated the in vitro antimalarial activity of the active metabolite M1, and 

DHA against multidrug-resistant P. falciparum lines and examined whether artemisone 

or M1 induces formation of dormant ring stages in vitro, as has been reported for DHA. 
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2. Materials and methods 

2.1. Drug preparation 

The following drugs were used: chloroquine diphosphate (CQ) (Sigma-Aldrich, St. 

Louis, MO), mefloquine (MQ) (Sigma-Aldrich, St. Louis, MO), atovaquone (ATQ) 

(GlaxoSmithKline, Middlesex, UK), dihydroartemisinin (DHA) and artesunate (AS) (DK. 

Pharma, Hanoi, Vietnam).  Artemisone (AMS) and the artemisone metabolite M1 were 

prepared by Wing-Chi Chan and Ho-Ning Wong of the Department of Chemistry, Hong 

Kong University of Science and Technology.  All drugs were dissolved in 50% methanol, 

except for DHA which was dissolved in 100% methanol and atovaquone, which was 

dissolved in 100% DMSO.  The stock concentrations for all drugs were 1 mM except for 

chloroquine (5 mM) and atovaquone (32 mM).  For drug susceptibility assays drug 

dilutions were freshly prepared using hypoxanthine-free complete medium and the final 

solvent concentration were <0.01%. 

 

The pro-Pheroid® containing artemisone (30 mM; AMS-Phe) was prepared from 

artemisone (0.16 g), PEG 400 (4.90 g), vitamin F ethyl ester (66.30 g), Kolliphor® EL 

(27.62 g), butylated hydroxyanisole (BHA; 0.01 g), butylated hydroxytoluene (BHT; 0.01 

g) and dl-α-tocopherol (1 g).  Artemisone was added to PEG-400, heated to 70°C in a 

water bath, followed by sonication for 15 min.  Vitamin F ethyl ester, Kolliphor EL, BHA 

and BHT was then added and heated to 70°C, followed by sonication for 15 min.  Dl-α-

tocopherol was added and the mixture gassed with nitrous oxide under pressure (200 

kPA) for four days.  Similarly, the drug-free pro-Pheroid® were prepared from PEG-400, 

(4.90 g), vitamin F ethyl ester (66.41 g), kollifor EL (27.67 g), BHA (0.01 g), BHT (0.01 

g) and dl-α-tocopherol (1 g).  

 

The Pheroid® drug dilutions were freshly prepared using hypoxanthine-free complete 

medium or hypoxanthine-free complete medium with added drug-free pro-Pheroid® to 

ensure that the oil (pro-Pheroid®):water phase concentration of 0.004% (v/v) were kept 

constant.  The artemisone and DHA stock solutions were added to 0.4% drug-free pro-

Pheroid® and diluted to a final pro-Pheroid® concentration of 0.004%, and the 

appropriate drug concentration with hypoxanthine-free complete medium. 
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The Pro-Pheroid® was mixed with 0.1 N hydrochloric acid (1:100 v/v) and the particle 

size of the resulting Pheroid® vesicles were measured using a Hydro Malvern 

Mastersizer 2000MU (Malvern Instruments Ltd, Malvern, Worcestershire, UK).  Particles 

were stained with Nile Red and their morphology characterized by confocal laser 

scanning electron microscopy (CLSM, Nikon D-eclipse C1 confocal laser scanning 

microscope) using the method as previously described39.  Spherical particles were 

observed for both artemisone entrapped Pheroid® and drug-free Pheroid® formulations 

with sizes of 4.39 ± 0.52 and 14.95 ± 0.83 nm respectively. 

 

2.2. In vitro cultivation of P. falciparum 

Plasmodium falciparum strains W2 (Indochina), D6 (Sierra Leone), 7G8 (Brazil) and 

TM90-C2B, TM91-C235 and TM93-C1088 (all from Thailand) were maintained in 

culture by using standard techniques40 in complete medium containing 10.4 g/L RPMI-

1640-LPLF powder (Gibco BRL), 5.97 g/L HEPES buffer (MP Biomedicals, USA), 2.0 

g/L D-glucose (BDH chemicals, Australia), 0.05 g/L hypoxanthine (Sigma, USA) and 40 

mg/L gentamycin (Pfizer, Australia), sodium bicarbonate solution (0.21%), drug-free 

heat inactivated human plasma (10%), pooled from various blood types, obtained from 

the Australian Red Cross Blood Service (Brisbane) supplemented with 4% human red 

blood cells (O+).  Parasites were routinely synchronized at ring stage every other day 

and prior to the start of each experiment using 5% (wt/vol) D-sorbitol41. 

 

2.3. In vitro antimalarial activity assay 

In vitro antimalarial activity of the compounds was evaluated by an isotopic 3H-

hypoxanthine growth inhibition assay as previously described42.  Briefly, 2-fold serial 

dilutions were made in hypoxanthine-free complete medium, or pro-Pheroid® containing 

(0.004%) hypoxanthine-free complete medium for Pheroid® treatments, in 96-well 

plates.  P. falciparum culture was added to wells, so the final volume in each well was 

100µL with a haematocrit of 2% and 1% parasitaemia.  Plates were incubated at 37°C 

in a 5% O2/ 5% CO2/ 90% N2 gas mixture for 24 h, at which point 20 µL (0.2 µCi/well) of 

3H-hypoxanthine (Perkin Elmer, USA) was added to each well.  The plates were 

incubated for an additional 24 h.  The experiment was terminated by placing the plates 
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in a -20°C freezer.  After thawing the plates, the lysed cells were harvested onto glass 

fibre filter mats (Perkin Elmer, USA) using a 96-well cell harvester (Harvester 96 TM; 

Tomtec, Oxon, UK) and left to dry.  Uptake of 3H-hypoxanthine was measured by a 

scintillation counter (Microbeta 2, Perkin Elmer) after the addition of MeltiLexTM solid 

scintillant (Perkin Elmer).  Three independent experiments were performed for each 

compound, each in triplicate.  The IC50 and IC90 values were determined by estimating 

the drug concentrations that inhibited parasite 3H-hypoxanthine uptake by 50% and 

90%, respectively, relative to drug-free control cultures by fitting the counts values to 

sigmoidal dose-response curves generated with PRISM V5.0 software (Graphpad 

Software Inc., USA).  Statistical comparison of the data was done by analysis of 

variance (ANOVA) at a significance level of p < 0.05, using PRISM V5.0 software 

(Graphpad Software Inc., USA).   

 

2.4. In vitro drug dormancy 

Cultures (10 mL) of ring stages (>95%) W2 parasites with initial parasitaemia of 1% and 

4% haematocrit were exposed to DHA (700 nM, ~100 x IC90; Tuescher et al., 2010), 

artemisone (200, 400 and 800 nM), artemisone (200, 400 and 800 nM) entrapped into 

the Pheroid®, metabolite M1 (200, 400 and 800 nM) and mefloquine (4230 nM; ~100 x 

IC90) for 6 h.  Drug-free cultures were run in parallel as negative controls.  After 6 h 

incubation, the drugs were removed by washing the cultures thrice with culture medium 

after which the red blood cell pellets were re-suspended in 10 mL of culture medium.  

Each culture (10 mL) was split into two equal aliquots.   

 

To ensure that the parasites, which did not become dormant and continued to grow 

after treatment were removed, one set of cultures was exposed to 5% D-sorbitol. This 

was done when the parasites in the control culture had reached the late trophozoite-

schizont stage (~33-36 h).  After exposure to sorbitol for 5 min, the cultures were 

washed thrice with culture medium, resuspended in medium and returned to 37°C 

incubator.   
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Thin and thick blood films were prepared daily for 30 days from each culture, stained 

with Giemsa stain and examined under light microscopy to determine the parasitaemia 

until parasites had recovered to at least 1% parasitaemia.  Two independent 

experiments were performed.  Culture medium was replaced and red blood cells were 

added to cultures every seven days. 

 
3. Results 

3.1. In vitro antimalarial drug activity 

The in vitro activity of artemisone, M1, artemisone and DHA entrapped into the Pheroid® 

as well as several reference antimalarial drugs against P. falciparum lines are 

summarized in Table 1.  Of the drugs tested, artemisone had the greatest blood 

schizontocidal activity across the six P. falciparum strains, with different antimalarial 

drug-susceptibility profiles and geographical origins.  Artemisone (IC50 range: 0.71 to 

1.29 nM) showed a significantly higher activity of approximately 2 fold in vitro compared 

with either artesunate (IC50 range: 1.44 to 3.02 nM) or DHA (IC50 range: 1.33 to 2.26 

nM).  When compared to its parent drug, M1 was 3.4 to 6.6-fold less active against the 

P. falciparum lines. 

 

The entrapment of artemisone in Pheroid® during manufacturing, as well as the addition 

of the Pheroid® to stock solutions of artemisone and DHA during preparation of final 

stock solutions, did not improve the in vitro antimalarial activities of the drugs (Table 1, 

Figure 2).   
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Table 1. In vitro antimalarial activity of the artemisone and standard drugs against six P. 

falciparum strains.

 

* n.d., not determined; W2 is chloroquine-resistant, D6 is chloroquine-sensitive, 7G8 is 

chloroquine-resistant, TM90-C2B is atovaquone and chloroquine-resistant, TM91-C235 

is chloroquine and mefloquine-resistant and TM93-C1088 is atovaquone and 

chloroquine-resistant.  CQ, chloroquine; MQ, mefloquine; ATQ, atovaquone; AS, 

artesunate; DHA, dihydroartemisinin; M1, metabolite of artemisone; AMS, artemisone, 

Phe, Pheroid®.  Values represent the mean IC50 ± SD (nM) and IC90 ± SD (nM) from 

three independent experiments performed in triplicate. 
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Figure 2 In vitro antimalarial activities of artemisone (white bars), artemisone with 

Pheroid® added separately (light grey bars), artemisone entrapped into the Pheroid® 

during preparation (medium grey bars), DHA (dark grey bars) and DHA with Pheroid® 

added separately (black bars) against six P. falciparum strains.  The mean IC50 values 

from three independent experiments are shown. For the 7G8 and TM93-C1088 strains 

only artemisone, artemisone entrapped into the Pheroid® during manufacturing and 

DHA were assayed. 
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3.2. In vitro drug induced dormancy 

The control parasites progressed from rings (start of experiment) to trophozoites at 24h, 

schizonts at ~33-36 h and after schizogony to rings again at 40 h after commencing the 

experiment.  Following a single 6 h exposure to either DHA (700 nM), artemisone (200, 

400 and 800 nM), artemisone entrapped into the Pheroid® (200, 400 and 800 nM) or 

metabolite M1 (200, 400 and 800 nM), parasite growth was arrested at ring stage, with 

morphologically abnormal rings and no trophozoites observed within at least 24 h after 

drug exposure (Figure 3).  The majority of rings looked drug-affected with distinctly 

smaller nuclei and condensed rounded cytoplasm. Dormant rings, as previously 

described10,15, were also seen in cultures treated with DHA, artemisone, artemisone 

entrapped into the Pheroid® and M1.  Morpholgically, the dormant parasites had blue-

stained cytoplasm with red nuclei.  Unlike artemisinin derivatives, exposure of rings to 

mefloquine (4230 nM) did not result in immediate growth arrest, but stopped parasite 

development at the late ring early trophozoites stage (Figure 3). 

 

 

Figure 3 Comparison of control parasites with parasites exposed to DHA 

(dihydroartemisinin), artemisone (AMS), artemisone entrapped into the Pheroid® (AMS-

Phe), artemisone metabolite M1, and MQ (mefloquine).  No S, cultures not treated with 

sorbitol; S, cultures treated with sorbitol on day 2. 

 

With the exception of mefloquine, growing parasites were first detected on thick blood 

films on day 3 after DHA, artemisone (200, 400 and 800 nM), artemisone entrapped into 
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the Pheroid® (200, 400 and 800 nM) and metabolite M1 (200, 400 and 800 nM) 

treatment and reached an initial parasitaemia (>1 %) by day 6 (Figure 4) without sorbitol 

treatment.  With sorbitol-treatment that selectively kills all late-parasite stages except for 

ring forms, growing parasites were only detected on day 5 ± 1.4 and the time to reach 

initial parasitaemia of 1% was 9 ± 1.4 days.  This delay in recovery indicates that there 

is a small number of parasites that are unaffected by the artemisinin compounds 

investigated.  No parasites were observed on the thick blood smears of the mefloquine 

treated positive controls during the 30 day follow-up period. 

 

 

Figure 4 The effect of DHA (dihydroartemisinin), artemisone (AMS), artemisone 

entrapped into the Pheroid, metabolite M1 and MQ (mefloquine) against the P. 

falciparum W2 strain without (a) and with (b) sorbitol treatment on day 2.  

 

4. Discussion 

Our in vitro results are consistent with artemisone being the most potent artemisinin 

derivative available today43,44.  In this study, we showed that artemisone was 

approximately 2-fold more potent than either artesunate or DHA.  This compares well 

with the 2.4-fold greater antimalarial activity reported45, but the fold difference was 

markedly less than that determined by Vivas and colleagues43.  The IC50 values for 

chloroquine, mefloquine, and atovaquone were in good agreement with previous results 

against various P. falciparum lines45,46,47,48,49,50,51,52.  The artemisone metabolite M1 was 

also highly active with IC50 values ranging from 2.5 to 8.6 nM, which is comparable to 

4.2 ± 1.3 nM against the K1 strain of P. falciparum18.  Previous in vitro findings obtained 

with an artemisone Pheroid® formulation were contradictory29,33.  Steyn29 reported a 4.5-
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fold increase in the antimalarial activity of artemisone when entrapped into the Pheroid® 

vesicles, while Jourdan33 reported equal activity.  Therefore the in vivo results obtained 

during this study compares well with that of Jourdan33. 

 

Kyle and Webster12 first reported that parasites survive in a dormant form for 3 to 8 days 

before resuming growth after treatment with artesunate or DHA, in vitro.  This 

observation has led to the “dormancy” hypothesis, namely that parasites are able to 

survive artemisinin treatment by entering a state of dormancy, where they are protected 

from the drug’s lethal effects and recover at a later stage to resume normal growth53.  

After a single 6 h exposure of ring stage parasites to 200 ng/mL (700 nM) DHA in vitro, 

a dose comparable to clinical DHA plasma concentrations after artesunate treatment, 

caused some parasites to enter a dormant state10.  A small number of the dormant 

parasites recovered to become normal growing parasites within 3 to 20 days post-

treatment.  Teuscher and colleagues10 also showed that after treating ring stage 

parasites with DHA for 6 h per day for 3 days, there was a 10-fold reduction in the 

recovery rate. 

 

Further support of the artemisinin induced dormancy hypothesis for explaining the high 

level of recrudescence reported following monotherapy has been obtained using an in-

host stochastic simulation model with the assumption that the in vitro dormancy rates 

and duration are applicable in vivo.  Codd11 and colleagues were was able to 

demonstrate that, following a single treatment with artemisinin, the proportion of 

parasitological and clinical failures were 77% and 67%, respectively.  These theoretical 

failure rates rapidly decline with repeated treatment with the proportion of parasitological 

and clinical failures decreasing to 25% and 38%, respectively, after three days of 

artemisinin treatment.  The predicted parasitological and clinical treatment failure rates 

in the simulated populations following three days of DHA treatment agreed with rates 

reported from several field trials54,55.  These findings suggest that the in vitro dormancy 

rates following three short exposures to DHA appear to be a good predictor of the in 

vivo dormancy rate. 
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In the present study, we assessed the potential of artemisone to induce ring-stage 

dormancy in P. falciparum, in vitro.  For the in vitro study, clinical relevant 

concentrations of artemisone and M1 were used, based on human data of a maximum 

plasma concentration of 140.2 ng/mL (~349.2 nM) for artemisone and 112.6 ng/mL 

(~281.9nM) for M1 after a three course of daily 80 mg artemisone to healthy subjects18 .  

The in vitro dormancy data suggests that as in the case with artesunate and DHA, 

artemisone and its metabolite M1 also induce the formation of dormant ring stage 

parasites that are capable of surviving further drug treatment.  Once drug pressure is 

removed, the ring-stage parasites resume development, and thereby initiate 

recrudescence.  The Pheroid® delivery system containing artemisone performed in a 

similar fashion to that of artemisone in the induction of dormant ring-stage parasites and 

recovery.  Artemisone does not seem to induce dormancy in a concentration dependent 

manner since all of the concentrations used reached initial parasitaemia within the same 

time period.  Therefore, even though the Pheroid® enhances artemisone blood 

concentrations in vivo34, it is likely that recrudescence will not be prevented. 

  

Concerns of the high treatment failure rate (approximately 20%) of artesunate-

mefloquine56 and DHA-piperaquine57 in western Cambodia is of great concern and 

highlights the urgent need to select better and more effective ACTs until potent 

replacement drugs can be developed.  Although artemisone induces dormant ring stage 

parasites similar to DHA, the drug should be used in combination with a long acting 

partner drug to provide an alternative ACT.  Artemisone is well-tolerated, has favourable 

pharmacokinetic properties, and is the most potent artemisinin available today17,43,47,45.  

The partner drug to be selected with artemisone should possess strong in vitro potency, 

have a relatively long half-life to prevent the induction and/or recovery of dormant ring-

stages and be used as a fixed-dose treatment.   

 

In summary, artemisone appears to be the most active artemisinin derivative against P. 

falciparum in vitro.  However, similar to other artemisinins it induces dormant ring-stage 

parasites and if used alone recrudescences can be expected to occur.  Artemisone 

administered in the Pheroid® delivery system does not prevent the induction of dormant 
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parasites and is no more active in vitro than the standard formulation of artemisone.  

The future of artemisone lies in the selection of a suitable partner drug that can prevent 

the induction and/or recovery of dormant parasites induced by the artemisinin. 
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