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Abstract

Background: Praziquantel (PZQ) is the drug compound of choice in the control and treatment of schistosomiasis. PZQ is
administered as a racemate, i. e. 1:1 mixture of enantiomers. The schistosomicidal activity arises from one PZQ-enantiomer,
whereas the other enantiomer does not contribute to the activity. The WHO’s Special Programme for Research and Training
in Tropical Diseases (TDR) has assigned the low-cost preparation of pure schistosomicidal (2)-PZQ a key priority for future
R&D on PZQ, but so far this transition has not happened. PZQ has two major administration drawbacks, the first being the
high dose needed, and its well documented bitter and disgusting taste. Attempts of taste-masking by low-cost means have
not been successful. We hypothesized that the non-schistosomicidal component in PZQ would be the main contributor to
the unpleasant taste of the drug. If the hypothesis was confirmed, the two major administration drawbacks of PZQ, the high
dose needed and its bitter taste, could be addressed in one go by removing the component contributing to the bitter taste.

Methods and Findings: PZQ was separated into its schistosomicidal and the non-schistosomicidal component, the absolute
stereochemical configuration of (2)-PZQ was determined to be (R)-PZQ by X-ray crystallography, and the extent of
bitterness was determined for regular racemic PZQ and the schistosomicidal component in a taste study in humans.
Finding: The schistosomicidal component alone is significantly less bitter than regular, racemic PZQ.

Conclusion: Our hypothesis is confirmed. We propose to use only the pure schistosomicidal component of PZQ, offering the
advantage of halving the dose and expectedly improving the compliance due to the removal of the bitter taste. Therefore,
(R)-PZQ should be specifically suitable for the treatment of school-age children against schistosomiasis. With this finding, we
would like to offer an additional incentive to the TDR’s recommendation to switch to the pure schistosomicidal (R)-PZQ.
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Introduction

Praziquantel [1] (PZQ) is the drug compound of choice in the

control and treatment of schistosomiasis [2], in fact, it is the only

commercially readily available drug. So far, no backup compound

for PZQ of comparable efficacy and breadth of application is

available. Clinically relevant resistance has not been observed,

however differences in responses of PZQ-resistant and -susceptible

Schistosoma mansoni to PZQ in vitro have been described [3]. PZQ is

included in the WHO Model List of Essential Drugs [4] and is at the

core of numerous schistosomiasis control programmes. The WHO’s

strategy for schistosomiasis control [5] aims at reducing morbidity

through treatment with PZQ, with a focus on periodic treatment of

school-age children and adults considered to be at risk. School-age

children are seen as a high-risk group for schistosome infections

because they are more susceptible to infection in cases where their

increased nutritional needs are not adequately met, might be

compromised by helminth infections in their cognitive development,

and are continuously exposed to contaminated soil and water but

probably less aware of the need for good personal hygiene [6].

While the safety and efficacy against all schistosoma species are

outstanding, PZQ has two major administration drawbacks, the

first being the high dose needed, 40 mg PZQ/kg bodyweight:

Dosages in children are determined by measurement of children’s

heights using tablet poles, and range from one to five 600 mg-

tablets for one treatment. Especially young children have been

reported not to be able to swallow these 600 mg tablets [7]. The

second drawback is PZQ’s well documented bitter and disgusting

taste, which can lead to gagging or vomiting if tablets are chewed

contrary to recommendation [8]. In veterinary medicine, the oral

delivery of PZQ to taste-sensitive companion animals like cats is

known to be a challenge. Traditional methods of taste-masking,

like the addition of aromas or sugar, are ineffective for PZQ. The

bitterness of PZQ even led to PZQ’s use as a bitter model drug

compound in the effectiveness testing of sophisticated and

expensive taste-masking techniques like micro-encapsulation [9]

or drug active coating [10]. Apart from anecdotal evidence [2], we

are not aware of reports of low compliance among children treated

within schistosoma programmes due to the bitter taste. However,

we have to assume that the unpleasant taste of PZQ does not lead

to a treatment situation which school-age children would enjoy.

PZQ is administered as a racemate, i. e. 1:1, mixture of two

compounds of identical constitution but non-superimposable

mirror-image configuration, so called enantiomers. The straight-
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forward and low-cost chemical synthesis has to be assumed as the

reason for the use of the racemate, although it has been known for

years that the schistosomicidal activity mainly relies in one PZQ-

enantiomer, designated (2)-PZQ (alternatively termed levo-PZQ, l-

PZQ, sometimes L-PZQ), whereas the other enantiomer, designated

(+)-PZQ (alternatively termed dextro-PZQ, d-PZQ), does not

contribute to the activity [11–13] (Figure 1). From this perspective,

only half of the drug compound administered is in fact the drug

active, whereas the other half must be considered molecular ballast,

which has to be metabolized and excreted while not contributing to

the schistosomicidal activity. To the best of our knowledge, no

clinical studies in humans exist if and how non-schistosomicidal (+)-

PZQ alone contributes to the side effects known of racemic PZQ, but

this may be assumed: Upon incubation of PZQ and both

enantiomers with isolated rat hepatocytes, additional metabolites

were detected resulting from the non-contributing (+)-PZQ [14].

Various methods of producing the pure schistosomicidal component

(2)-PZQ exist, which are considerably more expensive than the

production of racemic PZQ itself. So far, the potential alone to

administer half the current dose by replacing racemic PZQ by (2)-

PZQ did not lead to a production process for (2)-PZQ comparable

in costs for racemic PZQ.

In the context of the WHO’s Global Plan to combat NTDs

[15], the Special Programme for Research and Training in

Tropical Diseases (TDR) set up an incentive for further R&D work

by emphasizing the low-cost preparation of pure schistosomicidal

(2)-PZQ (see also the schistosomiasis research collaborative

community within The Synaptic Leap [16]) as a key priority for

future R&D on PZQ [17]. Three pharmacological goals for the

development were stated: (1) same dose of (2)-PZQ as currently in

regular, racemic PZQ, with smaller tablet size and less frequent/

severe adverse events, (2) higher dose of (2)-PZQ with similar

tablet size and possibly similar adverse event profile as current

treatment which could reduce the probability of or delay the

development of resistance, or (3) a combination of these two

objectives. As we already mentioned, a smaller tablet size would be

more suitable for the treatment of children. Taking into account

that the WHO’s strategy specifically aims at school-age children,

we were intrigued by the question whether the taste disadvantage

of PZQ could be turned into an additional incentive to introduce

(2)-PZQ against schistosomiasis as the drug active of choice.

Background to our consideration was the well-documented fact

that in most cases taste experiences depend on the stereochemical

configuration of the agent [18], i. e. the taste buds react

enantioselectively–like all natural receptors which are composed

of chiral constituents like L-amino acids. We hypothesized that

(2)-PZQ and (+)-PZQ would contribute to the bitter taste to a

different extent, and that the non-schistosomicidal (+)-PZQ would

be the main or sole contributor to the disgusting taste.

Surprisingly, no public knowledge exists on the tastes of the two

enantiomers. We prepared schistosomicidal (2)-PZQ, assigned the

stereochemical configuration by X-ray crystallography, and

determined the extent of bitterness for regular racemic PZQ

versus the schistosomicidal component (2)-PZQ in a taste study in

humans. We chose this comparison over the comparison of (2)-

PZQ to non-schistosomicidal (+)-PZQ because the latter alone

does not have any role in a treatment situation. Also the

pharmacological studies by others had compared racemic PZQ

to (2)-PZQ, and not (+)-PZQ to (2)-PZQ [19].

Methods

Preparation and stereochemical assignment of (2)-PZQ
Although effective synthetic methods for the enantioselective

preparation of PZQ have been reported [20], we opted for the

direct enantioseparation of the racemate yielding gram quantities

of both optical forms. The preparative scale chromatography was

performed on microcrystalline cellulose triacetate using methanol

as the mobile phase, conditions under which the enantiomer

having the negative optical rotation emerged first from the column

[21]. After crystallisation from methanol/water, (2)-PZQ was

obtained in enantiomeric excess .99%, as determined by HPLC

(column used Chiralcel OD-H). No residual other enantiomer (+)-

PZQ was detected in this sample. X-ray structural analysis, using

Cu-Ka radiation, of a monoclinic crystal in hemi-hydrate form

obtained from said fraction by crystallization from methanol/

water unequivocally proved the R-configuration of the molecule by

measuring Friedel pairs and the Flack parameter (x = 20.1(3))

(Figure 2). Further details of the crystal structure analysis are

available on request from the CCDC (www.ccdc.cam.ac.uk)

quoting the names of the authors and journal citation.

Determination of the bitterness value
The bitterness values of racemic PZQ and its schistosomicidal

component (R)-PZQ were determined according to the European

Pharmacopoeia [22] by comparison with quinine hydrochloride,

Figure 1. Molecular structures of the two mirror-image compo-
nents of PZQ; asymmetric carbon atom highlighted in yellow.
doi:10.1371/journal.pntd.0000357.g001

Author Summary

Schistosomiasis, or Bilharzia, is a parasitic disease caused
by flatworms, which affects about 200 million people
worldwide. Praziquantel (PZQ) is the drug compound of
choice in the control and treatment of this disease. Only
half of the drug dose currently administered actually has
activity against schistosomiasis, whereas the other half has
no activity. Therefore, the WHO has assigned the low-cost
preparation of the pure active component a key priority
for future PZQ research and development. PZQ has two
major administration drawbacks, the first being the high
dose needed, the second its well documented bitter taste.
Attempts of masking the unpleasant taste have not been
successful. We hypothesized that the non-active compo-
nent in PZQ would be the main contributor to the
unpleasant taste of the drug. We determined the extent of
bitterness for regular PZQ compared to the pure active
component in a taste study in humans. We found that the
pure active component alone is significantly less bitter
than regular PZQ. This new finding should serve as an
additional incentive for the PZQ research and develop-
ment community to provide a low-cost, large-scale
preparation route to the pure active component of PZQ.

A New Incentive to Switch to (R)-Praziquantel
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the bitterness value of which is set at 26105. The bitterness value is

defined by the European Pharmacopoeia as the reciprocal of the

concentration of a solution in a dilution series of a compound, a

liquid or an extract that still has a bitter taste. Concentrations of

solutions used in the tests ranged from 1.6961028 to 1.061024 g/

mL. A test panel consisting of sixteen members was assembled.

Although children comprise the treatment target group no children

were included in the test panel. All panel members were adults

completely untrained in performing sensory tests. To correct for

individual differences in tasting bitterness amongst the panel

members a correction factor was determined for each panel member

by preparing dilutions of quinine hydrochloride. The mouth was

rinsed with water before tasting. The dilution with the lowest

concentration having a bitter taste was determined by taking 10 mL

of the weakest solution into the mouth and passing it from side to side

over the back of the tongue for 30 seconds. If the solution was not

found to be bitter, the panellist had to spit out and wait for one

minute before the mouth was rinsed again with water. After

10 minutes, the next dilution in order of increasing concentration

was tasted. The correction factor k for each panel member was

calculated according to the European Pharmacopoeia by k = n/5,

where n is the number of millilitres of the stock solution in the

dilution of the lowest concentration that is judged to be bitter. One

panel member detected bitterness already in pure water, and was

therefore excluded from the test panel. Dilutions of the test

compounds racemic PZQ and (R)-PZQ were prepared and tasted

by the remaining fifteen members of the test panel in the same

manner as described for quinine hydrochloride. The bitterness value

as experienced by each member was calculated according to the

European Pharmacopoeia taking the individual-related correction

factor into account by Y6k/X60.1, where Y is the dilution factor of

the dilution, and X is the number of millilitres of the respective

dilution which, when diluted to 10 mL with water, still has a bitter

taste. The bitterness value of the test compounds resulted from

calculating the average of the individual values.

Requested statement: Informed written consent was obtained

from all panelists to participate in this taste study. As a taste study,

and not a medical study in the sense of the WMA Declaration

of Helsinki, it did not require approval of an independent

review board (highly diluted preparations were tasted and spat

out–they were not ingested). Nevertheless, it was conducted

according to the principles of the WMA Declaration of Helsinki

where applicable.

Results

The results of the determination of bitterness values are shown

in Table 1. Remarkable is the variation of the individuals’ results

as indicated by the relative standard deviation and the dispersion

of the results in the box-and-whisker diagram (Figure 3). In

contrast to the average, the medians of the results, as depicted in

the box-and-whisker diagram, are different from each other. The

observed variation was probably provoked by the test panel

consisting of untrained members only [23]. Thirteen out of fifteen

panel members found (R)-PZQ to taste less bitter than racemic

PZQ. Although no statistical test is required or proposed by the

Figure 2. X-ray crystallographic structure of (R)-PZQ; asymmetric carbon atom highlighted in yellow.
doi:10.1371/journal.pntd.0000357.g002

Table 1. Bitterness values for racemic PZQ and
schistosomicidal (R)-PZQ

Member of the test panel Racemic PZQ (R)-PZQ

Individual bitterness values/105

A 1.03 0.14

B 0.46 0.11

C 7.85 0.68

D 7.85 0.09

E 1.92 1.23

F 1.71 0.27

G 355 592

H 177 178

I 250 0.37

J 0.62 0.25

K 14.5 0.29

L 39.4 0.10

M 5.52 0.41

N 7.23 0.14

O 0.55 0.28

Bitterness value (average) 58.1 51.6

Standard deviation 110 156

Relative standard deviation 191% 303%

doi:10.1371/journal.pntd.0000357.t001

A New Incentive to Switch to (R)-Praziquantel
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European Pharmacopoeia, a statistical test (using SAS software,

release 9.1.3, SAS Institute Inc., Cary, NC, USA) was conducted

to investigate the observed difference between the compounds.

Considering the small sample size and the nature of the data which

does not justify the assumption of a normal distribution, a

nonparametric, distribution-free method was chosen. On the 5%

level of significance, Wilcoxon’s Signed Rank Test (two-sided)

resulted in a significant difference between the taste of racemic

PZQ and (R)-PZQ (p = 0.0107). This result was confirmed by the

Sign Test (two-sided, p = 0.0018).

In addition to the quantitative determination of the bitterness

values, qualitative taste sensations were noted by the members of

the test panel for each compound. For racemic PZQ, all panel

members commonly observed the sensation of an unpleasant

chemical or metallic taste or a taste circumscribed best by old

rubber. On the other hand, for (R)-PZQ the panellists commonly

described the sensation of a moderate chemical taste, comparable

to that of a polyethylene or a rubber pipe. Although the tastes were

not recognized alike across the test panel, for the majority of the

test panel we can state that (R)-PZQ had a less unpleasant taste

compared to racemic PZQ.

Discussion

The schistosomicidal component of regular PZQ, (R)-PZQ has

a less unpleasant taste compared to racemic PZQ, which was

found to be comparably bitter or unpleasant. It can be assumed

that the disgusting taste of racemic PZQ stems from the non-

schistosomicidal component, (S)-PZQ. Removing the latter from

currently used racemic PZQ therefore not only offers the chance

to halve the dose, with the potential to decrease the number or size

of the tablets, but also addresses the second disadvantage of

regular, racemic PZQ-its unpleasant taste. With this finding and its

publication we would like to offer an additional incentive to focus

work of the PZQ R&D community on further decreasing the cost

of production of (R)-PZQ with the goal to switch to pure (R)-PZQ

as a replacement for racemic PZQ for the treatment of school-age

children against schistosomiasis.

Acknowledgments

We thank Karl-Heinz Grimm for analytical support and Eva Zschiesche

for statistic expert advice and calculations.

Author Contributions

Conceived and designed the experiments: HS CM. Performed the

experiments: TM HS SF HB DS. Analyzed the data: HS SF DS CM.

Contributed reagents/materials/analysis tools: TM HB. Wrote the paper:

TM SF CM.

References

1. Cioli D, Pica-Mattoccia L (2003) Praziquantel. Parasitol Res 90: S3–S9.

2. Fenwick A, Savioli L, Engels D, Robert Bergquist N, Todd MH (2003) Drugs for
the control of parasitic diseases: current status and development in schistoso-

miasis. Trends Parasitol 19(11): 509–15.

3. Liang Y-S, Coles GC, Doenhoff MJ, Southgate VR (2001) In vitro responses of

praziquantel-resistant and -susceptible Schistosoma mansoni to praziquantel.
Int J Parasitol 31(11): 1227–35.

4. WHO Model Lists of Essential Medicines. Available http://www.who.int/

medicines/publications/essentialmedicines/en/ via the Internet. Accessed 1
Sept 2008.

5. WHO, Programmes and projects, Schistosomiasis Strategy. Available http://www.

who.int/schistosomiasis/strategy/en/ via the Internet. Accessed 1 Sept 2008.

6. Montresor A, Crompton DWT, Gyorkos TW, Savioli L (2002) Helminth control
in school-age children; A guide for managers of control programmes. Available

http://www.who.int/wormcontrol/documents/en/itoviii.pdf via the Internet.
Accessed 1 Sept 2008.

7. Talaat M, Dewolfe Miller F (1998) A mass chemotherapy trial of praziquantel on

Schistosoma haematobium endemicity in Upper Egypt. Am J Trop Med Hyg

59(4): 546–50.

8. Bayer Inc (2004) Biltricide product monograph. Available www.bayerhealth.

com/display.cfm?Object_ID = 272&Article_ID = 170 via the Internet. Accessed
1 Sept 2008.

9. Mattern C, Berger A (19/11/03) Process for masking the taste of substances

by microencapsulation. EP1362583. Available http://v3.espacenet.com/
publicationDetails/biblio?KC = A1&date = 20031119&NR = 1362583A1&DB =

EPODOC&locale = en_EP&CC = EP&FT = D via the Internet. Accessed 9
Dec 2008.

10. Bellinghausen R, Steinbeck M, Zank J, Weis M, Behrend O, et al. (28/06/07)
Coated solid material, useful e.g. as powder-inhalant or oral dosage form,

comprises a powdery solid material and a coating from a hydrophobic

enveloping material, DE102005062270. Available http://v3.espacenet.com/
publicationDetails/biblio?KC = A1&date = 20070628&NR = 102005062270A1

&DB = EPODOC&locale = en_EP&CC = DE&FT = D via the Internet. Accessed
9 Dec 2008.

11. Liu Y-H (2005) Levo-Praziquantel versus Praziquantel in experimental
and clinical treatment of schistosomiases Japonica. Chin Med J 106(8): 593–596.

12. Liu Y-H, Qian M-X, Wang X-G, Jia J, Wang QN, Jiang YF, et al. (1986)

Comparative efficacy of praziquantel and its optic isomers in experi-

Figure 3. Box-and-whisker diagram of the individual bitterness values for racemic PZQ and (R)-PZQ.
doi:10.1371/journal.pntd.0000357.g003

A New Incentive to Switch to (R)-Praziquantel

www.plosntds.org 4 January 2009 | Volume 3 | Issue 1 | e357



mental therapy of Schistosomiasis japonica in rabbits. Chin Med J 99(12):

935–940.
13. Xiao S-H, Catto BA (1989) Comparative in vitro and in vivo activity of racemic

praziquantel and its levorotated isomer on Schistosoma mansoni. J Infect Dis

159(3): 589–592.
14. Meier H, Blaschke G (2001) Investigation of Praziquantel metabolism in isolated

rat hepatocytes. J Pharm Biomed Anal 26(3): 409–415.
15. WHO (2007) Global Plan to combat neglected tropical diseases 2008–2015.

Available http://www.who.int/entity/neglected_diseases/NTD%20Global%

20plan_%20January%202007.pdf via the Internet. Accessed 1 Sept 2008.
16. Todd MH (2006) Enantioselective Synthesis of Praziquantel. The Synaptic

Leap. Available http://www.thesynapticleap.org/schist/projects via the Inter-
net. Accessed 1 Sept 2008.

17. TDR (2007) BL6 Business Plan 2008–2013. Available http://www.who.int/tdr/
about/strategy/pdf/bl6.pdf via the Internet. Accessed 1 Sept 2008.

18. Koenig WA (2002) Chirality in the natural world-odours and tastes, In: Chirality

in Natural and Applied Science. Oxford: Blackwell Publishers. pp 261–284.
19. Wu M-H, Wei C-C, Xu Z-Y, Yuan H-C, Lian W-N, et al. (1991) Comparison of

the Therapeutic Efficacy and Side Effects of a Single Dose of Levo-Praziquantel

with Mixed Isomer Praziquantel in 278 Cases of Schistosomiasis Japonica.
Am J Trop Med Hyg 45(3): 345–349.

20. Roszkowski P, Maurin JK, Czarnocki Z (2006) Enantioselective Synthesis of (R)-
(-)-Praziquantel (PZQ). Tetrahedron Asymm 17: 1415–1419.

21. Blaschke G (1986) Chromatographic Resolution of Chiral Drugs on Polyamides

and Cellulose Triacetate. J Liq Chromat 9(2&3): 341–368.
22. Directorate for the Quality of Medicines of the Council of Europe (2006)

European Pharmacopoeia, Fifth Edition, Supplement 5.7. Strasbourg.
23. Bitnes J, Martens H, Ueland Ø, Martens M (2007) Longitudinal study of taste

identification of sensory panellists: Effect of Ageing, Experience and Exposure.
Food Qual Prefer 18: 230–241.

A New Incentive to Switch to (R)-Praziquantel

www.plosntds.org 5 January 2009 | Volume 3 | Issue 1 | e357


