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Abstract. Praziquantel (PZQ) is an antihelmintic drug used worldwide against Schistosomiasis, de-
spite its low solubility, bioavailability and the disgusting taste. This research represents a preliminary
screening of 6 selected sweeteners in terms of their aptitude to be ground with PZQ, towards the de-
velopment of a patient-friendly dosage form, capable of overcoming both dissolution and taste draw-
backs. A vibrational mill was used to process equimolar mixtures of PZQ and each sweetener, and the
dispersions were characterized by means of Differential Scanning Calorimetry, Powder X-ray Diffrac-
tion, Fourier Transform-Infrared Spectrometry, water solubility and Intrinsic Dissolution Rate. Phys-
ical stability of the coground systems was checked over a period of 1 year. The grinding for a short
period (such as 30 min) of PZQ and selected sweeteners led to several very interesting products, with
prevalent amorphous character, enhanced solubility and Intrinsic Dissolution Rate comparing to the
raw drug. Peculiar behavior was found in the case of xylitol:PZQ ground mixtures where the appear-
ance of traces of PZQ anhydrous Form B was noticed. Therefore, this research highlights the possibil-
ity of using binary premixes of PZQ and sweeteners in order to obtain an increase in the biopharma-
ceutical and organoleptic properties of the anthelmintic drug, underlining also the need for a careful
screening of sweetener to design a PZQ patient-friendly dosage form.

Résumé. Praziquantel (PZQ) est un médicament antihelminthique utilisé dans le monde entier contre
la Schistosomiase, malgré sa faible solubilité, sa faible biodisponibilité et son goat dégottant. Cette
recherche est un criblage préliminairepréliminaire de 6 édulcorants sélectionnés en fonction de
leur aptitude a étre broyé avec du PZQ, en vue du développement d'un dosage adapté aux patients
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capable de surmonter les inconvénients de la dissolution et du gotit. Un broyeur vibrant a été utilisé
pour traiter des mélanges équimolaires de PZQ et de chaque édulcorant, et les dispersions ont été
caractérisées au moyen de la calorimétrie différentielle a balayage, de la diffraction des rayons X sur
poudre, de la spectrométrie infrarouge a transformée de Fourier, de la solubilité dans 'eau et du
taux de dissolution intrinséque. La stabilité physique des systemes co-broyés a été vérifiée sur une
période d’'un an. Le broyage pendant une courte période (de 30 min par exemple) d'un mélange de
PZQ et d’édulcorants sélectionnés a conduit a plusieurs produits trés intéressants, avec un caractere
amorphe prédominant, une solubilité et une vitesse de dissolution intrinseéque améliorées par rapport
au médicament brut. Un comportement particulier a été constaté dans le cas des mélanges broyés
xylitol:PZQ ol1I'on a remarqué I'apparition de traces de PZQ anhydre de forme B. Par conséquent, cette
recherche met en évidence la possibilité d’utiliser des prémélanges binaires de PZQ et d’édulcorants
afin d’obtenir une augmentation des propriétés biopharmaceutiques et organoleptiques du principe
actif antihelminthique et souligne la nécessité d'une sélection minutieuse des édulcorants pour la
conception d'une forme posologique de PZQ adaptée aux patients.

Keywords. Praziquantel, Bitter taste, Sweeteners, Mechanochemistry, Taste-masking, Amorphous,
Polymorphism.

Mots-clés. Praziquantel, Gotit amer, Edulcorants, Mécanochimie, Masquage du gotit, Amorphe, Poly-

morphisme.
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1. Introduction

Having a look to the pharmaceutical compounds
on the market, a large part of them is character-
ized by poor organoleptic properties [1], which make
them very unpleasant if not hidden with different
taste masking agents or pharmaceutical technolo-
gies. Taste is crucial for patient acceptability and
compliance, in particular with pediatric patients.
European Medicine Agency Paediatric Investigation
Plan (PIP) guidelines stress the particular relevance
of taste masking and palatability testing in the devel-
opment of oral treatment for children [2]. It is well
known that Praziquantel has a very bitter and dis-
gusting taste [3-6], which makes its administration
even more complicated than the large dose needed,
inducing nausea [7], or leading to vomiting or gag-
ging if chewed, especially in children, the main in-
volved patients [8]. Moreover, Meyer and collabora-
tors reported an investigation on PZQ taste, reveal-
ing a less bitter taste of the active enantiomer (R-
PZQ) respect to the racemic form [3], which is not
surprising since the majority of the taste experiences
are conditioned by the stereochemistry of the sys-
tem involved. Different taste-masking technologies
have been tried on PZQ, such as microencapsula-
tion or drug active coating [9,10], solid lipid extru-
sion [6], multiparticulates [11], fluid bed wet granu-
lation technology [12]. Among all the possible tech-
niques in drug taste masking, the formation of solid

dispersions can represent a possible valid option, as
it was reported for dimenhydrinate with polyvinyl
acetate phthalate or artemether with mono amino
glycyrrhizate pentahydrate [13]. Also, the possibility
of creating cocrystals between API and a sweeten-
ing agent was reported for hydrochlorothiazide with
sucralose by solubilization and subsequent crystal-
lization [14], for many pharmaceutical APIs and sac-
charine using the supercritical fluid enhanced at-
omization process [15] or by Wang and collabora-
tors for theophylline:acesulfame cocrystal by liquid-
assisted manual grinding [16]. Nevertheless, no liter-
ature data were found on the neat mechanochemi-
cal processing of API with sweetening agents to cre-
ate advantageous solid dispersions, which is the aim
of this research. Conversely, previous researches in-
volved natural sugars processing in ball mills to per-
form several chemical reactions driven by the me-
chanical energy [17,18]. Further previous studies at-
tested the propensity of polyols to be subjected to
physical transformations upon neat grinding [19].
Also, it is well known that, as reported for sugar-
based confections, the sweeteners can be subjected
to phase transitions upon processing or during stor-
age. At the same time, both synthetic sweeteners,
such as aspartame, and natural sugars/polyols, e.g.
maltitol, mannitol, sorbitol were found to be effi-
cient co-formers in co-amorphous systems [20,21].
It is then likely that the mechanochemical activa-
tion may favor the formation of a crystalline, par-
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tially crystalline or also amorphous solid disper-
sion between an API and the sweetener. This fact
suggests also a possible enhancement of the biophar-
maceutical performances, as a consequence. From
this point of view, PZQ is sparingly soluble in water
and it is classified as a BCS class II drug [22]. There-
fore, the two main drawbacks of this drug, its bad
taste and its poor bioavailability, owing to the high
therapeutic dose, could be accomplished at the same
time by combining mechanochemistry and the addi-
tion of a proper sweetener. In this preliminary report,
six different sweeteners were selected to be ground
with PZQ: four of natural origin (xylitol, mannitol,
maltitol and sorbitol) and two artificial sweeteners
(aspartame and sucralose). All of them are currently
used both in the pharmaceutical and food industry
as sweetening agents and as alternative to sucrose for
dietary requirements [23,24].

2. Materials and methods
2.1. Materials

Praziquantel (PZQ, (11bRS)-2-(Cyclohexylcarbonyl)-
1,2,3,6,7,11b-hexahydro-4-H- (pyrazino[2,1-

alisoquinolin-4-one)) of Ph. Eur. grade was kindly
donated by Fatro S.p.a. (Bologna, Italy). Mannitol
(MAN), xylitol (XYL), maltitol (MAL), sorbitol (SOR),
sucralose (SUC) and aspartame (ASP) were from
Galeno S.rl. (Carmignano, PO, Italy). The HiPersolv
Chromanorm methanol used for the HPLC analy-
sis was of Ph. Eur. grade and purchased from VWR
Chemicals (BHD PROLABO® Milano, Italy).

2.2. Methods

2.2.1. Preparation of the samples

Each selected sweetener was ground in a 1:1 mo-
lar ratio with PZQ for 30 min at 25 Hz using a
Retsch MM400 vibrational mill (Retsch, Germany)
and two zirconium oxide jars (35 mL), each one con-
taining two zirconium oxide balls (10 mm diame-
ter). The sweetener:PZQ mixtures to be subjected
to mechanochemical activation were prepared in a
quantity of about 800 mg to get the suitable void vol-
ume in the jars and the appropriate balls-to-powder
weight ratio, in order to allow a proper mechanical
activation of the powder (needed to obtain an amor-
phous dispersion). These conditions were selected in

previous research experiences dealing with the same
drug [25,26]. After the grinding procedure, the sam-
ples were collected and stored in a desiccator in the
dark at ambient temperature.

For comparison purposes, simple physical mix-
tures of the same drug-to-sweetener equimolar ratios
were prepared by manually mixing the powders in a
mortar with a pestle.

2.2.2. Differential Scanning Calorimetry (DSC)

Each sample was analyzed using a Mettler DSC TA
4000 (Greifensee, Switzerland) connected to a calori-
metric cell Mettler DSC20 and using STARE software
version 9.30 for data analysis. Prior to analysis the in-
strument was calibrated with Indium, Zinc and Lead
for the temperature and with Indium for the enthalpy
quantification; each sample, containing about 2 mg
of PZQ exactly weighted, was placed in a 40 pl alu-
minum pan with perforated lid and heated from 30 to
200 °C (10 °C/min) under air atmosphere. When the
analyzed sample contained aspartame, the DSC was
ended at 160 °C to avoid its decomposition, reported
in literature by Goguta and coworkers [27].

2.2.3. Powder X-ray Diffraction (PXRD)

The samples were analyzed by powder X-
ray diffraction using a Bruker AXS D5005 X-ray
diffractometer with Ni-filtered Cu K(a) radiation
(A = 1.5418 A). The preparation of the samples con-
sisted in pressing about 20-30 mg of powder over
a glass slide to have a flat surface. The data were
collected in a 20 range of 3-35°, with steps of 0.05°
every 5 s, according to previous experiences [28]. The
apparatus was set at a current of 20 mA and a voltage
of 40 kV for all the analyses.

2.2.4. FT-IR spectroscopy (FI-IR)

FT-IR analyses were performed using a Perkin
Elmer System 2000 FT-IR on the raw samples,
coground samples and the physical mixtures. Each
time the sample was mixed with KBr (1:100 by wt) in
an agate mortar and then pressed with a hydraulic
press for 2 min at 10 Ton to obtain homogeneous and
transparent discs. The analysis was conducted from
400 to 4000 cm™! with a resolution of 4 cm™! and
total scan number of 3.
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2.2.5. Water solubility

The solubility of the samples in water was ana-
lyzed by preparing saturated solutions of each sam-
ples in 20 ml deionized water, which were kept under
agitation in the dark for 48 h at 25 °C. Then, the so-
lutions were filtered (pore size 0.45 pm) and diluted
1:200 with the mobile phase prior injection in the
HPLC system. The HPLC used was an Agilent HPLC-
UV 1260 Infinity IT with a EC-C18 Poroshell 120 A col-
umn of 4 um and dimensions of 4.6 x 10 mm. The
mobile phase was composed of 65% methanol and
35% of deionized water (MilliQ filtered) and the flux
used was of 0.750 mL/min. The instrument was set
at 25 °C and with a fixed wavelength of 220 nm for
recording the absorbance. The external standardiza-
tion method was used for the quantification of the in-
tegrated peaks. The PZQ retention peak was found at
7.7 min in a total run time of 10 min and the calibra-
tion curve obtained in the range of 0.5-10 mg/L had
r? = 0.9988. Each analysis was conducted in triplicate
and the average was reported.

2.2.6. Intrinsic dissolution rate (IDR)

The IDR is a measure of the rate of dissolution of
an active pharmaceutical ingredient where the con-
ditions of surface area, temperature, stirring speed,
medium are all kept constant. For the intrinsic disso-
lution rate determinations, about 150 mg of the sam-
ples were inserted in the sample holder and pressed
using a manual hydraulic press (Perkin Elmer) for 1
min at 1 ton. The sample surface area obtained was
of 0.785 cm? and the entire sample holder with the
compressed powder was immersed in a vessel con-
taining 900 ml of distilled water kept at 37 °C. The
system used was a Hanson Research SR8 Plus disso-
lution test station and the paddles were positioned at
3.5 cm from the tablet surface, with a rotation speed
of 100 rpm. About 2 ml of the dissolution medium
were withdrawn every ten minutes till 60 min and im-
mediately replaced with an equal amount of thermo-
stated distilled water. The aliquots were then diluted
1:20 with the mobile phase and analyzed by HPLC us-
ing the same above-mentioned method. The analy-
ses were performed in triplicate and for each point
the mean, with SD (%), was computed. The amount
of the dissolved drug per unit area over time was in-
dicated by the slope of the curves, obtained through
a linear regression method.

2.2.7. Physical stability

Coground samples were placed in desiccators over
calcium chloride and stored at 25 °C in the dark. The
samples were regularly analyzed by DSC over a pe-
riod of one year to detect potential recrystallization
of the drug.

3. Results

The grinding of PZQ with the 6 sweeteners (selected
among the most commonly used sweeteners in phar-
maceutical formulations) was very successful, since
after only 30 min of process at 25 Hz highly disor-
dered solid dispersions were formed. As reported in
Figure 1, the PXRD spectra of the coground samples
were quite broad and a significant halo pattern is
visible: the intensity of the characteristic reflections
of the sweeteners were very reduced, comparing to
their starting highly crystalline nature, while PZQ
peaks have completely disappeared. In fact, even
though the starting PZQ (anhydrous Form A) pos-
sesses a highly crystalline character, its characteristic
peaks (a very intense peak at 4.01° of 20, followed by
reflections at 6.3, 8.0-8.2, 14.7, 15.7, 16.4, 18.5, 19.3,
20.1 and 22.6° of 20) are no longer recognizable af-
ter 30 min of cogrinding with the sweeteners. This
fact was not attributable to a dilution effect since in
the PXRD patterns of the physical mixtures (likewise
prepared in equimolar ratio) both the drug and the
sweeteners reflections were well visible. According to
our experience, this amorphization ability towards
praziquantel is quite peculiar: a similar magnitude
of crystallinity-degree reduction is usually obtained
after 4 h of grinding in analogous operating condi-
tions [25]. An exception of this trend was found in the
coground sample with XYL, which will be described
separately.

The DSC traces confirmed previous findings (Fig-
ure 2). In the physical mixtures the melting peaks
of the sweeteners and of PZQ were found in the
same temperature range of the raw materials, in-
deed with a slightly reduced enthalpy due to a di-
lution effect. Besides, in the coground samples the
sweetener event(s) is(are) still detectable in all cases
(with remarkable temperature shifts), whereas PZQ
endothermal melting event (originally at 141.73 °C)
was absent or barely visible. Once again PZQ:XYL
coground had a separate behavior.
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Figure 1. PXRD patterns of the binary PZQ systems with mannitol, maltitol, aspartame, xylitol, sucralose
and sorbitol. Each frame compares PZQ (black), the sweetener (blue), the coground (pink), correspond-
ing physical mixture (green) and, only in the case of XYL coground, PZQ Form B (red).

FT-IR was performed to further understand
whether molecular interactions occur between the
drug and the sweeteners. The FI-IR spectra of PZQ

dispersions, the corresponding physical mixtures
and the individual components are shown in Fig-
ure 3 (for the sake of brevity only PZQ:SOR and
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Figure 2. DSC curves of PZQ:sweetener equimolar coground (purple), corresponding physical mixture
(green), sweetener (blue) and commercially available PZQ (black).

PZQ:XYL are presented, while the remaining ones are
reported in Figure S1). As a typical feature of amor-
phous samples, in the FT-IR spectra of the coground
samples a general tendency of slightly broader peaks
when compared to crystalline physical mixtures of
the raw crystalline ingredients was noticed, [29]. Fur-
thermore, the two nearly overlapped peaks at 1647
and 1624 cm™! of original PZQ (due to the stretching
vibrations of the heterocyclic carbonyl and to that
of the carbonyl group joined to the cyclohexyl), an-
ticipated at higher frequencies by a typical shoulder

(ranging about 1668 cm™!) [30], were replaced in the
coground spectra by only one broad peak. This be-
havior corresponds to that seen in a previous study
dealing with polymer-based amorphous solid dis-
persions with PZQ [25], thus confirming once again
their amorphous character and underlying the im-
portance on the crystal packing of the two carbonyl
groups (no longer distinguishable in the amorphous
dispersion spectra). Conversely, the simple equimo-
lar physical mixture of the components presented
the same 2 carbonyl stretching vibrations of the orig-
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Figure 3. FT-IR spectra of coground system (green), corresponding physical mixture (blue), sweetener

(purple), PZQ Form B (red, if present) and PZQ Form A (black). Frames highlight diagnostic regions.

inal drug (as visible in the frame), indicating the

absence of intermolecular interaction between PZQ
and excipients.

Unlike the other systems,

in the PZQ:XYL

coground system evidences of the formation of

anhydrous polymorphic Form B of PZQ were found.
In the PXRD spectrum of the PZQ:XYL coground
sample (reported in Figure 1), dominated by a pro-
nounced amorphous character, the residual reflec-
tions were identified as the ones of PZQ Form B
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Figure 4. Praziquantel water solubility at 25 °C of the coground systems with the 6 sweeteners, compared

to PZQ Form B and commercial PZQ (Form A).

(e.g. 16.9, 17.7, 23.6 and 27.5° of 20) [31], together
with the ones of the sweetener. In the thermal anal-
ysis (Figure 2) PZQ melting was seen at about 106 °C
and 123 °C, with very small endotherms, that can
be identified as PZQ Form B and commercial Form
A, respectively. The melting peak of the recrystal-
lized Form A at 123.42 °C, largely inferior to its usual
melting point, can be referred to a reduction of the
PZQ crystal size with a Gibbs-Thompson effect (also
compatible with the recorded PXRD pattern) and to
an interaction at the solid state with the excipient,
already visible in physical mixture (see PZQ m.p.
downshift in the green curve of Figure 2).

Also, the FT-IR spectra of the ground PZQ:XYL
sample (shown in Figure 3) presented the same vi-
bration peaks as the anhydrous polymorphic Form B,
confirming once again its identity by the super-
imposable shape and position of the asymmetric
stretching of the PZQ carbonyl groups at 1641 and
1633 cm™!. As already said, these frequencies rep-
resent the symmetric stretching of the heterocyclic
carbonyl and of the carbonyl near to the cyclohexyl
group, respectively. The difference between the fre-
quencies of the carbonyl groups was reported to be
index of their spatial disposition: when in the syn
conformation, the difference is higher, as in the case
of raw PZQ (1651 and 1626 cm™1), while in PZQ Form
B is lower, indicating the presence of anti conform-
ers, as it was also reported in literature [30]. Thus, the

discriminating capability of FT-IR analysis towards
PZQ polymorphic forms also in mixtures with excip-
ients was here attested. The presence of PZQ Form B
is a particularly interesting achievement, since so far,
this anhydrous form was obtained by means of sim-
ple one-component long grinding only [31,32].

After having characterized the solid state of the
binary systems, the coground samples were tested
for their biopharmaceutical properties, looking to-
wards the second aim of the research. As reported
in Figure 4, all the tested samples had a 2-fold en-
hanced PZQ water solubility at 25 °C (after 48 h in
the dark) comparing to that of commercially avail-
able PZQ Form A (dotted line in Figure 4).

PZQ:ASP and PZQ:SUC were selected for further
intrinsic dissolution analyses in the light of the best
solubility results and in consideration of their re-
ported high sweetening powers (being 180-200 times
higher than sucrose for ASP, and from 100 to 300
times for SUC [33]). In addition, PZQ:XYL coground
was analyzed for the above-mentioned peculiar char-
acteristic amongst the coground (i.e. presence of
PZQ Form B). To exclude the effects of experimen-
tal variables (such as particle size, stirring pattern,
etc.) intrinsic dissolution rate (IDR) of both origi-
nal PZQ and cogrounds were determined, also in-
cluding Form B as a matter of comparison. This is
a standardized kinetic method defined as the dis-
solution rate of pure substances, after compaction,
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Figure 5. Praziquantel intrinsic dissolution profiles from selected sweet binary systems (PZQ:SUC,
PZQ:ASP and PZQ: XYL) compared to commercial PZQ (Form A) and PZQ Form B.

in constant surface conditions. As shown in Figure 5,
IDR of the coground systems, were higher of a factor
of 2.5 than commercial PZQ. In fact, values of 0.083 +
0.023 mg/cm?/min and 0.0535 + 0.01 mg/cm?/min
were found for PZQ:SUC and PZQ:ASP, respectively,
while the raw drug showed an intrinsic dissolution
rate of 0.030 + 0.031 mg/cm?/min. This feature could
be attributed not only to the hydrotropism of the
sweeteners, but also to the dramatic change in the
solid state of the coground in comparison to that
of pure API. Moreover the superimposable intrinsic
dissolution trends of PZQ:XYL and Form B (0.068 +
0.010 mg/cm?/min and 0.062 + 0.001, respectively)
confirmed the PZQ polymorphic transition in pres-
ence of xylitol. The observed sucralose dissolution
enhancement was particularly remarkable.

Since the main disadvantage of using amor-
phous drug formulations is their poor and largely
unpredictable physical stability and the risk of an
amorphous-crystalline conversion during manufac-
turing, storage and administration [34], the physical
stability of the equimolar mixtures was evaluated
over a period of one year. From Figure S2, depicting
the DSC curves, it can be concluded that sweeten-
ers contribute to the stabilization of the amorphous
state of the drug, since recrystallization in the origi-
nal PZQ Form A was not found. Again, a different be-
havior was noticed for the PZQ:XYL coground, where
a slight upward shift can be noticed in the barely vis-
ible melting point of the drug, probably attributable
to a slow recrystallization from PZQ Form B towards
the original PZQ Form A.

4. Conclusions

The grinding of Praziquantel with the selected sweet-
eners (sorbitol, maltitol, xylitol, mannitol, aspartame
and sucralose) allowed to obtain really interesting
products, of prevalent amorphous character (physi-
cally stable for at least one year) and with a net in-
crease in solubility and intrinsic dissolution when
compared to the commercial Praziquantel. All these
promising characteristics put in light the possibility
of ameliorate PZQ dosage forms, very likely to have a
better taste and biopharmaceutical properties com-
pared to the actual administered form. These prod-
ucts can be cheap and highly useful premixes in the
formulation of oral dosage forms for Praziquantel.
Among the sweeteners, in this preliminary report the
performance of sucralose appears largely superior:
this coground will be characterized for taste sensory
properties as well as for verification of the mainte-
nance of anthelmintic activity in future researches.
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