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Formulation, characterization and pharmacokinetics

of praziquantel-loaded hydrogenated castor oil solid

lipid nanoparticles

Aim: The purpose of this study was to formulate praziquantel (PZQ)-loaded hydrogenated castor oil (HCO)
solid lipid nanoparticles (SLN) to enhance the bioavailability and prolong the systemic circulation of the
drug. Materials & methods: PZQ was encapsulated into HCO nanoparticles by a hot homogenization and
ultrasonication method. The physicochemical characteristics of SLN were investigated by optical microscope,
scanning electron microscopy and photon correlation spectroscopy. Pharmacokinetics were studied after
oral, subcutaneous and intramuscular administration in mice. Results: The diameter, polydispersivity index,
¢ potential, encapsulation efficiency and loading capacity of the nanoparticles were 344.0 + 15.1 nm,
0.31 +0.08, -16.7 + 0.5 mV, 62.17 + 6.53% and 12.43 + 1.31%, respectively. In vitro release of PZQ-loaded
HCO-SLN exhibited an initial burst release followed by a sustained release. SLN increased the bioavailability
of PZQ by 14.9-, 16.1- and 2.6-fold, and extended the mean residence time of the drug from 7.6, 6.6 and
8.2 to 95.9, 151.6 and 48.2 h after oral, subcutaneous and intramuscular administration, respectively.
Conclusion: The PZQ-loaded HCO-SLN could be a promising formulation to enhance the pharmacological

activity of PZQ.
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Schistosomiasis is a serious public health prob-
lem in tropical and subtropical regions, and is
associated with a variety of clinical syndromes
that may lead to severe morbidity. It is the second
most common parasitic disease after malaria [1].
The disease is endemic in approximately
70 countries, and estimates for 2003 suggest that
207 million people are infected and 779 million
are at risk [2]. Schistosomiasis afflicts populations
living close to water (particularly lakes, ponds
and irrigation canals) that is contaminated
with the parasite — the same water that is also
required for everyday activities such as cooking,
washing and the generation of income through
agriculture and/or fishing [2.3].

Praziquantel (PZQ) is a broad-spectrum
antitrematode drug and has proven to be
especially useful in the treatment of schisto-
somiasis [3.4]. The drug is effective against
all important adult schistosome species [5.6].
Hence, PZQ has become the backbone of the
global schistosomiasis control program in the
disease endemic regions. PZQ also plays a role
in transmission control of schistosomiasis to
prevent acute infection [7]. However, owing to
the fact that therapy is not sufficiently long
lasting because of the fast metabolism of the
drug 8.9], failures of mass treatment to control
schistosomiasis have occurred [10-12]. Another
factor that influences the effectiveness of the
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treatment is the low bioavailability of PZQ,
due to its low hydrosolubility and the effect
of first-pass metabolism [9,13]. After oral
administration, PZQ is extensively converted
into an inactive or considerably less potent
compound [13,14].

Praziquantel is administered to humans only
by the oral route [15]. Studies on PZQ pharma-
ceutics have been carried out to improve the
bioavailability and systemic circulation of the
drug for oral delivery. Administration of PZQ
concomitant with cimetidine or food increases
the levels of PZQ in the plasma, with an
improvement in the treatment outcome [16-19].
Other studies have described the improvement
of dissolution rate using adjuvant treatment,
such as B-cyclodextrin and polyvinylpyrrol-
idone, to increase the pharmacological activity
of PZQ [9.20.21]. Oral liposomal formulations
improved both the bioavailability [22] and the
antischistosomal activity of PZQ [23].

Studies demonstrated that PZQ was more
effective by subcutaneous and intramuscular
injection than oral administration [24,25]. The
injectable formulation can be given either sub-
cutaneously or intramuscularly in veterinary
medicine [2¢]. If alternative routes of delivery
in humans, such as parenteral formulations,
could be considered, drugs administered by such
routes would achieve direct systemic delivery,
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thereby avoiding first-pass hepatic metabolism,
improving therapy efficacy and reaching a
reduction in the dose delivered [15].

In the past decades, solid lipid nanoparticles
(SLN) have received considerable attention in
the field of drug delivery as an alternative dosage
form to other colloid nanoparticles [27]. The main
advantages of SLN are that they have good bio-
compatibility and biodegradability, high bioavail-
ability, offer sustained release, can be produced
on alarge scale and can be delivered by almost all
routes [28-31]. Our previous work demonstrated
that hydrogenated castor oil (HCO)-SLN were
an effective nanoparticle system for controlled
release and enhancement of pharmacological
activities of encapsulated drugs [28.29.32]. In this
work, PZQ-loaded HCO-SLN were formulated
and administered to mice by different routes. The
pharmacokinetics of the formulation was studied
to evaluate the improvement of the bioavailability
and the systemic circulation of PZQ.

Materials & methods
Materials

Hydrogenated castor oil was purchased from
Tongliao Tonghua Castor Chemical Co., Ltd.
(Inner Mongolia, China). PZQ reference stan-
dard was bought from the China Institute of
Veterinary Drug Control (Beijing, China). PZQ
was obtained from Wuhan Kanglong Century
Technology Development Co., Ltd (Wuhan,
China). Poly vinyl alcohol (PVA) was purchased
from Sigma (MO, USA). Methyl alcohol used
for high performance liquid chromatography
(HPLC) was of liquid chromatography grade,
available from Tedia Company, Inc. (USA). The
water for HPLC was prepared with a Milli-Q
system (Millipore, MA, USA).

Preparation of PZQ-loaded HCO-SLN
Solid lipid nanoparticles were prepared by hot

homogenization and ultrasonication method.

HCO (1.6 g) and PZQ (0.4 g) were added to

Figure 1. Photographs of (A) optical microscope (magnification x400) and
(B) scanning electron microscope of praziquantel-loaded hydrogenated
castor oil solid lipid nanoparticles.
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a 50 ml tube and put in a boiling water bath.
After the lipid was melted and the drug was dis-
solved in the melted lipid, 40 ml 1% PVA solu-
tion preheated in a boiling water bath was poured
into the lipid phase under magnetic stirring to
form an oil-water emulsion, and then sonicated
for 5 min (VC X 750 Vibra-Cell™, Sonics and
Materials, Inc., Newtown, CT, USA, using the
13 mm microprobe with amplitude 35%) to form
a nanoemulsion. The hot nanoemulsion was
quickly poured into 200 ml cold water to obtain
a nanoparticle suspension. The nanoparticles
were collected by centrifugation at 12,000 rpm
(Centrifuge 5810 R; Eppendorf, Germany) for
90 min at 4°C, and washed three times with dis-
tilled water. The SLN were suspended in 30 ml
distilled water and lyophilized for 48 h (LGJ-12
Freeze Dryer; Beijing Songyuanhuaxing Science
Technology Development Co., Ltd., China). The
control nanoparticles were prepared in the same
way without adding the PZQ.

Microscopic analysis
A total of 1 mg of PZQ-SLN was suspended in
1 ml ethanol. 2 pl of the suspension were placed on
amicroscope slide and the nanoparticles were dried
at room temperature for 5 min. Photomicrographs
of the SLN were taken using an inverted optical
microscope (Olympus 1X71, Olympus, Japan).

Scanning electron microscopy

The morphology of PZQ-SLN was studied by
scanning electron microscopy (SE S-3400N;
Hitachi, Japan). Briefly, 1 mg samples were sus-
pended in 1 ml distilled water and 2 pl of the
suspension were placed on a glass slide. After
oven drying at 45°C for 10 min, the samples
were coated with gold using an Ion Sputter and
examined at an accelerating voltage of 20 kV.

Determination of particle size,

polydispersity index & ¢ potential

The particle size, polydispersity index (PDI) and
¢ potential analysis of PZQ-SLN was performed
by photon correlation spectroscopy (PCS) using
Zetasizer Nano ZS90 (Malvern Instruments,
UK). The samples were suspended in distilled
water at a concentration of 2.7 mg/ml for particle
size and PDI determination, and a concentration
of 0.3 mg/ml for { potential determination.

Determination of loading capacity
& encapsulation efficiency
To determine the drug content in the nanopar-
ticles, a weighed amount of freeze-dried

PZQ-SLN was suspended in methyl alcohol
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EE (%) LC (%)
62.17 + 6.53 12.43 + 1.31

Mean + standard deviation; n = 3.

MD (nm)
3440 + 15.1

PDI ZP (mv)
0.31 £ 0.08 -16.7 £ 0.5

RP (%)
0.53+0.11

EE: Encapsulation efficiency; LC: Loading capacity, MD: Mean diameter; PDI: Polydispersity index;

RP: Residual polyvinyl alcohol; ZP: £ potential.

in a 15 ml tube and was heated on a boiling
water bath for 10 min. After cooling down for
20 min at room temperature, the solution was
centrifuged at 9000 rpm (Centrifuge 5810 R;
Eppendorf, Germany) for 15 min and the
supernatant was taken for PZQ quantitation
by HPLC using a UV detector at wavelength
215 nm (Shimadiu Corporation, Kyoto, Japan).
The control nanoparticles formulated without
PZQ were treated similarly and used as blanks
for the measurements. The assay was repeated
three times using different samples from inde-
pendent preparations. Loading capacity and
encapsulation efficiency are defined as follows:

Weight of PZQinSLN

- ) x100
Weight of SLN

Loading capacity = <

) . _< WeightquZQinSLN)

Encapsulation efficiency=\ —— ——— ———— |x100
Weight of PZQ added
Determination of residual PVA

The amount of PVA associated with HCO-
SLN was determined by a colorimetric method
described previously [26]. Briefly, 8 mg of lyophi-
lized nanoparticle sample was treated with 2 ml
0.5 M NaOH for 15 min at 60°C. Each sam-
ple was neutralized with 900 pl 1 M HCI and
the volume was adjusted to 5 ml with distilled
water. The solution was filtered with 0.22 pm
filters and mixed with 3 ml 0.65 M boric
acid solution, 0.5 ml iodine/potassium iodide
(0.05 M/0.15 M) solution and 1.5 ml distilled
water. Following incubation at room tempera-
ture for 15 min, the absorbance was measured at
690 nm using a UV spectrophotometer (U-800,
Hitachi, Japan). A standard plot of PVA was
completed under identical conditions. Residual

PVA (RD) is defined as follow:

Amount of PVA associated with SLN
Weight of SLN

RP=< )xlOO

In vitro release studies
Praziquantel-loaded HCO-SLN (10 mg) were
suspended in 2 ml of 0.9% (w/v) NaCl solu-
tion (donor solution) in a dialysis bag (molecu-
lar weight: 8000-14,400) and dialyzed against
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45 ml NaCl solution (0.9%, w/v, receiver solu-
tion) in a 50 ml tube at 37°C under magnetic
stirring at 100 rpm. To determine the PZQ
amount diffused through the dialysis bag, sam-
ples (1 ml) were taken from the receiver solution
and the same amount of fresh medium was added
to keep a constant volume at fixed time points.
PZQ in the samples was measured by HPLC.
The control nanoparticles formulated without
PZQ were treated similarly and used as blanks
for the measurements.

In vivo study
Kunming species mice (male, 30 + 1 g) were
obtained from the Medical Animal Test Center
of Peking University, China. All experimen-
tal protocols concerning the handling of mice
were in accordance with the requirements of the
Institutional Animal Care and Use Committee
at China Agricultural University. The animals
were housed at room temperature with free
access to a standard diet and water for 1 week
before use. Before initiation of the experiment,
96 mice were randomly divided into 24 groups
with four animals in each group. Then, 0.9 mg
PZQ dissolved in 50 pl 25% alcohol solution or
7.24 mg PZQ-SLN (containing 0.9 mg PZQ)

suspended in 100 pl sterile distilled water was
70 7
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Figure 2. In vitro release of praziquantel-loaded hydrogenated castor oil

solid lipid nanoparticles (mean * standard deviation; n = 3).
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Figure 3. Plasma praziquantel concentration-time curves after a single
dose of oral administration of praziquantel-solid lipid nanoparticles
and praziquantel solution (30 mg/kg; mean + standard deviation; n = 4)
(A) within 4 h; (B) from 8 to 192 h.

SLN: Solid lipid nanoparticle.
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administered to each mouse (30 mg/kg) in
the different groups by oral, intramuscular or
subcutaneous routes, respectively. Each route
contained four groups for SLN treatment and
four groups for PZQ solution treatment. At
specific time points (0.08, 0.17, 0.33, 0.5, 1, 2,
4, 8,12, 18, 24, 36, 48, 72, 96, 120, 144, 168,
192, 216, 240, 268 and 292 h) after administra-
tion, blood samples were taken from a tail vein
and the drug levels in the plasma were assayed.
For each treatment, the blood samples were
collected by turns from four groups over the

Nanomedicine (2010) 5(5)

observation period owing to the limited blood
volume that could be safely collected from
each mouse.

HPLC assay

Praziquantel concentrations in plasma were
measured by HPLC. Chromatographic condi-
tions were as follows: VP-ODS: 250 x 4.6 mm
(Shimadiu Coperation, Kyoto, Japan); mobile
phase: methyl alcohol/Milli-Q water (65/35,
v/v); flow rate: 1.0 ml/min; UV detector wave-
length: 215 nm. Sample extracts were prepared
by mixing 100 pl plasma with 200 pl mixture
of methyl alcohol and acetonitrile (1/1, v/v).
The mixtures were vortexed for 3 min to allow
complete mixing, followed by centrifugation at
14,000 rpm (Sigma 1-14; Sartorius, Germany)
for 25 min. Then, 50 pl supernatant was taken
for HPLC analysis. The plasma PZQ concen-
tration was found to be linear over the range
of 0.05 to 8 pg/ml. The correlation coefficient
was 0.9997. The relative standard deviations of
accuracy and precision for three different plasma
PZQ concentrations (0.1, 1 and 4 pg/ml) were
15.4, 4.23 and 0.56%, respectively, for interday
analysis, and 6.67, 3.80 and 5.46%, respectively,
for intraday analysis.

Pharmacokinetic analysis
The plasma PZQ concentrations versus time
data were analyzed based on noncompartmen-
tal pharmacokinetics using the PK Solutions 2.0
computer software (Ashland, OH, USA).

Statistical methods
The loading capacity, encapsulation efficiency,
PDI, ¢ potential, residual PVA and pharmaco-
kinetic parameters data were analyzed using
one-way ANOVA. Significance was evaluated
at a p-value of 0.05. Statistical analysis was
performed using Microsoft Excel (2003).

Results
Physicochemical characteristics

of SLN

Photomicrographs showed that SLN were well
dispersed with good particle size distributions
(Ficure 14). Scanning electron microscopy stud-
ies demonstrated that the nanoparticles were
spherical and had smooth surfaces (Ficure 1B).
Further detailed PCS analysis indicated the
average particle size (hydrodynamic diameter) of
SLN was 344.0 = 15.1 nm with polydispersivity
index 0.31 + 0.08 and £ potential -16.7 + 0.5 mV
(Tasie 1). PZQ was encapsulated efficiently in
nanoparticles. The mean entrapment efficiency
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was 62.17 = 6.53% and the average loading
of PZQ in nanoparticles was 12.43 =+ 1.31%.
The residual PVA associated with the SLN was
0.53 +0.11% (TaBLE 1).

B In vitro release

In vitro release of PZQ from the nanoparticles is
illustrated in Ficure 2. The SLN exhibited a burst
release effect with approximately 21.27% of the
drug released within the initial 2 h. The release
reached 40.69% in 24 h and then the nano-
particles displayed a sustained release phase. The
amount of cumulative drug released over 7 days
was approximately 62.24%.

B Pharmacokinetics
Following oral administration, the trend of
plasma PZQ concentration—time curves of
PZQ-SLN and PZQ solution was similar, but the
increase and decrease of the drug in nanoparticle
groups was significantly slower. The plasma drug
concentration for PZQ-SLN increased to a maxi-
mum concentration of approximately 1.1 pg/ml at
0.44 h. The drug concentration decreased slowly
and was sustained above the minimal effective
concentration (0.1 pg/ml (33]) for 192 h (Ficure 3).
For the PZQ solution, the plasma drug concentra-
tion increased rapidly to a peak level of 1.1 pg/ml
at 0.17 h, then declined quickly and was not
detectable at 18 h postadministration (Ficure 3).
The pharmacokinetic analysis revealed that the
time to maximum drug concentration (T _ ),
half-life of absorption (T1 /23b)’ half-life of elimi-
nation (T, ) and mean residence time (MRT)
of PZQ-SLN were significantly longer than
those of PZQ solution (Tasie 2). The bioavailabil-
ity of PZQ-SLN was also increased significantly
compared with that of PZQ solution.

The drug concentration after subcutan-
eous injection of PZQ-SLN increased to
1.4 pg/ml within 0.33 h, then declined slowly and

was sustained over 0.1 pg/ml (Ficure 4) for 264 h.
By contrast, the drug concentration for PZQ
solution groups increased swiftly to 4.5 pg/ml at
0.33 h, and then sharply decreased and was below
0.1 pg/mlat 12 h (Ficure 4). The bioavailability of
PZQ-SLN was significantly higher than that of
PZQ solution (101.6 vs 6.3 mg h/l). The MRT,
T,,,and T, of PZQ-loaded SLN (151.6, 8.2
and 29.6 h, respectively) were much longer than
those obtained with PZQ solution (6.6, 1.5 and
2.3 h, respectively) (TasLe2).

In the intramuscular administration groups,
the plasma drug level of PZQ-SLN reached a
peak of 2.7 pg/ml at 0.33 h and this was main-
tained over 0.1 pg/ml for 72 h (Ficure 5). In the
case of PZQ solution, the drug concentration
swiftly increased to a peak of 5.4 pg/mlat 0.17 h,
subsequently exhibited a precipitous drop and
decreased below 0.1 pg/ml 12 h postinjection
(Ficure 5). Pharmacokinetic data indicated that
the SLN enhanced the bioavailability of PZQ
2.6-fold and extended the MRT from 8.2 to
48.2 h (Tase 2). Compared with oral and subcu-
taneous administration, intramuscular injection
of PZQ-SLN had fewer effects for the improve-
ment of systemic circulation and bioavailability

of the drug.

Discussion

Praziquantel is practically insoluble in water
and has poor bioavailability owing to extensive
hepatic first-pass metabolism [3] and rapid clear-
ance from the bloodstream, with a terminal T |
of 1-3 h [34]. Therefore, new delivery strategies
need to be developed to improve its bioavail-
ability and systemic circulation. In this study,
PZQ-loaded HCO-SLN was prepared by a hot
homogenization and ultrasonication method.
This preparation method avoided using organic
solvent, while at the same time maintaining drug
stability — the temperature in the preparation did

RESEARCH ARTICLE

Table 2. Pharmacokinetic parameters of praziquantel-solid lipid nanoparticles and praziquantel solution after

oral, subcutaneous and intramuscular administration in mice.

Administration  Dose MRT (h) AUC, Cox T ..
routes (mg.h/I) (pg/ml) (h)
Oral Solution 76+09 41 +1.1 1.1+0.2 0.17

SLN 959 +4.3f 61.0+2.7" 1.1+£0.1 0.44 +0.10°
Subcutaneous Solution 6.6+1.9 6304 45+0.5 0.33

SLN 151.6 £ 9.37 101.6 £ 9.27 1.4+£017 0.33
Intramuscular Solution 8.2x07 10.1+£04 54+03 0.17

SLN 48.2 + 6.87 26.2 +1.37 27 +0.2° 0.33+0.17
Mean + standard deviation; n = 4.
"Statistical significances between praziquantel-SLN and praziquantel solution are p < 0.05.

T‘/zab

(h)

20+ 15
15.3+4.2'
1509
8.2+09'
0.16 + 0.04
0.75 + 0.13"

T‘/zel

(h)

47 1.2
20.1 £ 1.37
23+04
29.6 £ 1.4"
43+15
1.7 £5.4°

AUC, . Area under the concentration—time curve from zero to infinity, C - Maximal praziquantel concentration in plasma, MRT: Mean residence time;
SLN: Solid lipid nanoparticles; T, ,: Absorption half-life; T, : Elimination half-life; T Time to reach C_ .
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Figure 4. Plasma praziquantel concentration-time curves after a single dose
of subcutaneous administration of praziquantel-solid lipid nanoparticles
and praziquantel solution (30 mg/kg; mean + standard deviation; n = 4)

(A) within 4 h and (B) from 8 to 288 h.

SLN: Solid lipid nanoparticle.
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not exceed 100°C. The melting point of PZQ
is within the range of 136 to 140°C [34]. The
preparation resulted in consistent nanoparticles
of 344.0 + 15.1 nm with narrow size distribu-
tion. These results demonstrated that the hot
homogenization and ultrasonication method was
a feasible method for preparation of PZQ-loaded
HCO-SLN. For SLN formulation, solubility of
drug in the lipid determines the encapsulation
efficiency of lipid nanoparticles. As PZQ has
good liposolubility, it was encapsulated efficiently
in the HCO-SLN. PVA is the most commonly
used emulsifier in the formulation of nanopar-
ticles due to its excellent mechanical strength,
biocompatibility and nontoxicity, and has been

Nanomedicine (2010) 5(5)

approved by the US FDA for medical and food
applications [35]. In this formulation, the residual
PVA associated with the nanoparticles was lower
compared with other studies [36,37).

The in vitro release profile demonstrated
that the release pattern of PZQ-loaded HCO-
SLN is very similar to that of other drug-loaded
HCO nanoparticles prepared by an organic sol-
vent evaporation method [27,28,32,38], suggesting
that the release character of HCO-SLN mainly
depends on the lipid matrix rather than the drug
and preparation method.

The in vivo study demonstrated that the PZQ-
loaded HCO-SLN, delivered by oral, subcutane-
ous and intramuscular administration, improved
the bioavailability and extended systemic circu-
lation of PZQ to a large extent. The enhanced
absorption and extended residence time of PZQ
could be attributed to a number of reasons. After
oral administration, owing to their small particle
size, SLN may exhibit bioadhesion to the GI tract
wall or enter the intervillar spaces, thus increasing
their residence time in the GI tract [31]. The small
size of SLN also contributes to an increase in the
permeability of the intestinal membrane [39]. The
large surface area of nanoparticles can increase
the dissolution rate of highly insoluble drugs [31].
The increased adhesion and permeability, and
improved dissolution rate will result in enhanced
bioavailability (31.39]. The higher bioavailability
could also be due to an enhanced lymphatic
uptake [40,41]. The enhanced lymphatic trans-
port of the drug can reduce the hepatic first pass
metabolism and improve bioavailability of PZQ
because the intestinal lymph vessels drain directly
into the thoracic duct, further into the venous
blood, thus bypassing the portal circulation 42.43].
The increased residence time of the nanoparticles
in the GI tract could extend the T, and T, , of
PZQ-SLN, leading to longer MRT of the drug.
When PZQ was injected as nanoparticle formu-
lations, the distribution of PZQ was considered
to be limited because the nanoparticles formed a
sustained release depot at the injection sites [44].
After injection, nanoparticles do not have direct
access to the bloodstream. Instead, they are
taken up by regional lymph nodes or remain at
the site of injection. When injected as solution,
PZQ would spread widely from the injection
sites. The delayed local dissolution and transport
through cellular interstitia into blood circulation
can result in a significantly prolonged circulation
effect [45]. Furthermore, SLN can protect the
drug from chemical and enzymatic degradation,
thereby delaying the in vivo metabolism [32]. In

addition, SLN gradually release entrapped PZQ
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from the lipid matrix into blood, and thus extend
the duration of therapeutic concentration in the
circulation [4¢].

Subcutaneous delivery of the PZQ-SLN pro-
duced the longest therapeutic concentration in
the circulation and the highest bioavailability
compared with oral and intramuscular adminis-
tration. Subcutaneous injection results in deliv-
ery of SLN to the interstitium area underlying
the dermis of the skin [45.47). Passage through
the interstitium to the vascular or lymphatic
capillaries can also present a barrier to efficient
drug absorption after subcutaneous administra-
tion, and thus lead to the delayed rate of absorp-
tion [48]. Intramuscular administration of PZQ-
SLN produced the highest plasma levels of PZQ
and shortest duration on the systemic circulation,
which was consistent with other research [49].

The schistosomicidal effect of PZQ does not
depend on the maximum drug concentration to
which schistosomes are exposed, but rather on
the length of time during which parasites are
exposed to a threshold drug concentration [16].
The work of Gonnert et al. demonstrated that
splitting of the total dose into three or more frac-
tional doses, given within 1 day, approximately
doubles the efficacy over that achieved after a sin-
gle oral administration of the same total dose [24].
A higher therapeutic efficacy was obtained by
repeated administration on each consecutive
day than a single administration with a higher
dose [7]. The sustained concentration of PZQ at
an early stage of infection can kill the majority
or even all of the female worms just after the
worms have reached maturity and commenced
egg production [50]. The results presented in this
article suggest that PZQ-SLN could be a promis-
ing formulation to improve the schistosomicidal
effect of PZQ, but further studies need to be
carried out to demonstrate its prophylactic and
therapeutic efficacy.

In spite of the reduced effectiveness in improv-
ing the bioavailability and systemic circulation
compared with injection routes, oral administra-
tion of PZQ-loaded HCO-SLN could be the
first choice owing to the noninvasive nature and
convenience — patient compliance is a major con-
cern when developing a drug-delivery system [41].
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Figure 5. Plasma praziquantel concentration-time curves after a single dose

of intramuscular administration of praziquantel-solid lipid nanoparticles
and praziquantel solution (30 mg/kg) (mean * standard deviation; n = 4)

(A) within 4 h and (B) from 8 to 96 h.
SLN: Solid lipid nanoparticle.

Parenteral administration of PZQ-SLN could
be a candidate route for improving the therapy
efficacy and reducing the dose delivered.

Conclusion

A hot homogenization and ultrasonication
method has been used for preparation of PZQ-
loaded HCO-SLN. HCO-SLN improve bio-

availability and extends the systemic circulation

The hot homogenization and ultrasonication method was feasible for producing praziquantel-loaded hydrogenated castor oil solid lipid

nanoparticles (PZQ-loaded HCO-SLN).

The PZQ-loaded HCO-SLN had a sustained-release effect.
The PZQ-loaded HCO-SLN significantly improved the bioavailability and extended the systemic circulation of PZQ by oral, subcutaneous
and intramuscular administration; subcutaneous administration showed the best improvement.
HCO-SLN could be a promising delivery system to improve the pharmacological activity of PZQ.
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time of PZQ significantly by subcutaneous,
oral and intramuscular administration. The
nanoparticle system could be an effective vehicle
for delivery of PZQ for enhanced therapy and
control of schistosomiasis infection.

Future perspective

Future studies will be focused on the toxicity,
prophylactic and therapeutic effects of PZQ-
loaded HCO-SLN.
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