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Purpose: Praziquantel (PZQ) is currently the preferred medication for treating various parasites. However, its use is hindered by 
several issues, such as poor solubility, first-pass effect, and individual variability. A novel immediate release system was developed by 
loading PZQ onto Pluronic P123/L64 mixed micelles (PMMs). This approach aims to improve its bioavailability following oral 
administration.
Methods: PZQ-PMMs were prepared by thin film dispersion method. The encapsulation efficiency (EE), particle size, and 
polydispersity index (PDI) were utilized to identify the optimal formulation. Characterization techniques, including electron micro-
scopy, infrared spectroscopy, thermal analysis, and X-ray diffraction were utilized to get an understanding of the molecular interactions 
between PZQ and micelles. This system was compared with commercially available preparations both in vitro and in vivo.
Results: The particle size of the prepared PZQ-PMMs (P123:L64 1:1, w/w) was 19.33 ± 0.22 nm, with a PDI value of 0.106 ± 0.044, 
an EE of 86.88 ± 4.60%, and a drug loading of 4.16 ± 0.21%. Structural characterization results indicated that the spherical micelles 
were uniformly dispersed, with the drug existing in an amorphous form within PMMs. In vitro, PZQ-PMMs exhibited a faster 
immediate release in both pH 1.2 and pH 6.8 buffers. In vivo, at the same dosage, the micelles rapidly produced higher blood drug 
concentrations. The relative bioavailability of PZQ-PMMs was comparable to that of the PZQ 30% ethanol solution and was 1.7 times 
greater than that of commercially available preparations, with the increase in bioavailability being highly significant (P < 0.01).
Conclusion: The findings of this study confirm that Pluronic P123/L64 PMMs represent a novel and promising approach for 
enhancing solubility and bioavailability of PZQ, both in vitro and in vivo. The development of immediate release formulations is 
anticipated to be an effective option for drugs exhibiting a notable first-pass effect.
Keywords: praziquantel, Pluronic mixed micelles, P123, L64, immediate release, pharmacokinetic study

Introduction
In 1980, Merck launched Praziquantel (PZQ) under the trade name Cesol. Because of its high efficiency, low toxicity and wide 
anti-parasitic spectrum, its market share expanded rapidly, replacing many other drugs, and it soon became the main drug for 
the treatment of schistosomiasis, Taenia, food-borne Trematodiasis, and a variety of other parasitic diseases in the world.1

According to the Biological Pharmaceutical Classification System (BSC), PZQ is categorized as a Class II compound, 
exhibiting a water solubility as low as 0.04%,2 and a high permeability through the intestinal membrane. As a result, the 
release of PZQ from the tablets occurs gradually, and once it is released, it is quickly absorbed. Additionally, it exhibits 
a notable first-pass effect, meaning that drugs that are absorbed gradually are swiftly metabolized by enzymes and 
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quickly removed from the bloodstream. The plasma half-life typically ranges from 1 to 3 hours.3 Therefore, a significant 
challenge in the application of PZQ is the necessity for a high therapeutic dose of 40 mg/kg to achieve effective plasma 
concentrations with low bioavailability.4,5 It also leads to significant intra-individual variability in the drug’s effects and 
a broad range of peak blood concentrations.6 In this case, enhancing the release rate of PZQ by developing an immediate 
release formulation to maximize the saturation of liver drug enzymes may effectively improve its bioavailability.

Recent studies had shown that the advancement of drug nanocarriers for the oral administration is an interesting 
approach to overwhelm the redundant PZQ shortcomings.7–16 Luciana Nalone Andrade et al9 developed solid lipid 
nanoparticles (SLN) to encapsulate PZQ, resulting in an average particle size of around 300 nm and an encapsulation 
efficiency (EE) of 92.31%. In vitro studies showed that PZQ-SLN released about 18% of the drug over a 3-hour period, 
which is roughly four times greater than the release rate of free PZQ. Furthermore, PZQ-SLN demonstrated enhanced 
insecticidal effectiveness in these in vitro tests. Andressa Daniele Artico Silva et al17 utilized the wet milling technique to 
create micro and nanocrystals with an average particle size of 346.2 nm, which greatly improved the dissolution of PZQ. 
Remarkably, the MC5 formulation boosted the dissolution rate by 13 times. In vivo experiments demonstrated that the 
developed formulation could enhance PZQ’s efficacy in treating parasitic eggs in tissues and may potentially promote 
early improvement of granulomatous lesions. Waleed M. Arafa and colleagues8 reported that newly developed micelles 
made from F127 and Gelucire 44 were created to encapsulate PZQ. The optimized formulation showed a controlled 
release over 24 hours, with a release rate of 78.22%. Additionally, a single dose of the drug-loaded micelles significantly 
improved the anthelmintic effectiveness of PZQ in rats infected with Hymenolepis nana. While the Lutrol F127/Gelucire 
44/14 micelle demonstrated sustained release in vitro, it exhibited a similar release rate and achieved 1.31 times the peak 
blood concentration of PZQ in in vivo studies. E. S. Meteleva et al18 indicated that the formation of micelles with PZQ in 
a glycyrrhizic acid disodium salt solution also enhanced the drug release rate. The bioavailability of this formulation was 
roughly three times greater than that of the PZQ suspension.

Graphical Abstract
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Among these nanocarriers, polymer micelles (PMs) had emerged as one of the most effective and straightforward 
methods for enhancing the physicochemical properties of insoluble drugs. These amphiphilic polymers spontaneously 
form core-shell micelles at concentrations exceeding the critical micelle concentration (CMC) in water. In this structure, 
hydrophobic segments constitute the core, while hydrophilic segments form the outer corona.7,19,20 The hydrophobic core 
of these micelles can accommodate poorly soluble, hydrophobic drugs, while the hydrophilic shell, which is not present 
in many nanosystems, allows the micelles to be well dispersed in digestive fluids. Additionally, the particle size of the 
micelles is generally less than 100 nm; smaller particle sizes facilitate the rapid release of drugs.

The representatives of these polymers are Pluronic block copolymers, which are structurally denoted as PEO-PPO- 
PEO, where PEO and PPO represent poly(ethylene oxide) and poly(propylene oxide), respectively. These copolymers 
are non-ionic and are offered in a diverse array of molecular weights and PEO/PPO ratios, which render them flexible 
and promising pharmaceutical excipients.21–25 Pluronic is widely considered to be safe for various routes of 
administration, including oral, topical, ophthalmic, periodontal, intratympanic, and parenteral applications. Elif 
İspir et al26 devised Pluronic F127 micelles with controlled release effects, which successfully improved the solubility 
of quercetin and yielded promising results in in vivo experiments. Huan Gao et al27 encapsulated Doxorubicin (DOX) 
within the hydrophobic core of Pluronic P123-based polymeric micelles, achieving a high drug loading capacity of 
3.44%. They were efficiently taken up by breast cancer cells and significantly inhibited tumor growth in tumor- 
bearing nude mice.

In this study, PZQ was incorporated into Pluronic mixed micelles (PMMs) to develop a novel immediate release 
system. The performance of this system was compared with commercial preparations both in vitro and in vivo. The 
effects of different Pluronic species and their concentrations on PMMs were evaluated through EE and particle size 
distribution analysis. To gain a thorough comprehension of the formation of the PMMs, they were examined using 
Transmission Electron Microscopy (TEM), Fourier Transform Infrared Spectroscopy (FTIR), Differential Scanning 
Calorimetry (DSC), and X-Ray Diffraction (XRD) to elucidate the molecular interactions between PZQ and the micelles. 
Finally, in vitro release and in vivo absorption studies of the PMM formulations, powder, and commercially available 
preparations of PZQ were conducted to illustrate the advantages of polymeric micelles for oral administration.

Materials and Methods
Materials
PZQ (≥98%, Aladdin Industrial Corporation, Shanghai, China), Pluronic F127 (99.8%, Beyotime Biotechnology Co., 
Ltd., Shanghai, China), Pluronic P123 (99.8%, Sigma-Aldrich, Germany) and Pluronic L31, L61, L64 (99.8%, 
Aladdin Industrial Corporation, Shanghai, China) were utilized as received, without any additional purification; 
acetonitrile, methanol were obtained from Xilong Scientific Co., Ltd. (HPLC grade, Guangdong, China); dichlor-
omethane, methyl tert-butyl ether were obtained from Jiangsu Aikang Biopharmaceutical Co., Ltd. (HPLC grade, 
Jiangsu, China).

Preparation of Praziquantel-Loaded Pluronic Mixed Micelles (PZQ-PMMs)
PZQ-PMMs was prepared using the most commonly employed the thin film dispersion method.28–31 The operational 
method was outlined as follows: 5 mg PZQ and 100 mg Pluronic were precisely weighed, placed in a round-bottom flask, 
dissolved by adding 20 mL absolute ethanol and placed on a rotary evaporator to remove the solvent to form a film at 
40°C, 15 r/min, dried in vacuum at 25°C overnight. Then, added 5 mL water, hydrated on a rotary evaporator for 
approximately 30 min at a temperature of 50°C and a speed of 100 r/min. The solution was allowed to sit for 30 min, 
vortexed for 5 min, and subsequently filtered through a 0.22 μm filter membrane. Mannitol (1%, w/v) was then added as 
a protective agent and freeze-dried. Blank PMMs were obtained without the addition of PZQ during the preparation 
process.

The effects of various types and proportions of Pluronic polymer on particle size distribution and EE were examined 
during the formulation screening process.
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Characterization
After proper dilution, PZQ-PMMs was gently dripped onto carbon film copper net, negative dyeing was carried out, and 
placed in a dust-free environment to dry naturally. The morphology of the particles was observed under TEM (HT7700, 
Hitachi, Japan). The thermal behaviors of samples were conducted on a DSC (DSC25, TA, USA). All measurements 
were conducted from 25°C to 250°C. The heating rate was set at 10°C/min, and the protective gas used was nitrogen. 
FTIR spectra were obtained between 400 and 4000 wavenumber using an FTIR Spectrophotometer (IRTracer 100, 
Shimadzu, Japan). XRD patterns for samples were acquired using an X-ray diffractometer (D8 Advance, Bruker, 
Germany). The scanning range spanned from 5° to 90°, 2θ angle, with a step size of 0.04° and a step time of 0.3 
s. The analysis of particle size distribution and zeta potential was conducted utilizing Dynamic Light Scattering 
techniques (DLS, Zeta sizer 3000 HSA, Malvern, UK).32 Ultrapure water was produced by NANOpure Diamond 
Water Purification System (Thermo Fisher Scientific, USA).

Encapsulation Efficiency and Drug Loading
The EE and drug loading (DL) of PZQ-PMMs were assessed by a direct method. The micelles were filtered with 
microporous filter (0.22 μm), and the continued filtrate was collected for injection into high performance liquid 
chromatography (HPLC, Dionex Ultimate 3000, Thermo Fisher Scientific, USA). Data recording and processing were 
conducted using Chromeleon 7.0 software.33 A Venusil XBP C18 column (4.6 × 150 mm, 5 μm, Dikma Technologies, 
China) with acetonitrile-water 60:40 (v/v) as the mobile phase was used, and the detection wavelength was 264 nm.

EE and DL was calculated by Eq. (1) and (2):

where m0 or mp represents the total amount of the drug or polymer incorporated into the system, while mt denotes the 
amount of the drug present in PZQ-PMMs.

In vitro Release Studies
The in vitro release of PZQ powder, PZQ commercial preparation powder and PZQ-PMMs lyophilized powder were 
studied by dialysis in pH 1.2 and 6.8 buffer (containing 0.2% of SDS).34,35 Briefly, a precise amount of 4 mL of PZQ- 
PMMs was collected and packed into dialysis bags (3.5 kDa, Viskase, USA). The bags were then immersed in 96 mL of 
release medium (sink) and shaken in a constant temperature incubator at 100 rpm and 37°C. Samples were taken at 
regular intervals and supplemented with an equal volume of fresh buffer. The refill filtrate was then injected into HPLC to 
analyze PZQ concentration. Time-dependent release curves were calculated using Eq. (3) and (4):

where Qn represents the calculated cumulative release, CRP represents the cumulative release percentage, Cn denotes the 
concentration of the drug in the release medium at time t, V0 refers to the total volume of the release medium, Vi indicates 
the sample volume, and Q signifies the initial total amount of the drug.

Ethical Approval
The experimental protocol was agreed upon by the Institutional Animal Care and Use Committee (IACUC) of Shenyang 
Agricultural University with approval No. 2023050701. The date of approval is 7/5/2023. The guidelines followed for the 
welfare of the laboratory animals is the National standards of the People’s Republic of China “Laboratory animal - 
Guideline for ethical review of animal welfare” (GB/T 35892–2018).
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In vivo Absorption Studies
Twelve male SD rats (Liaoning Changsheng Biotechnology Co., Ltd., Liaoning, China), each weighing approximately 
200 g, were randomly divided into three groups. The rats were kept under controlled environmental conditions (25 ± 2°C; 
humidity 50–60%) and were provided with a standard diet and water ad libitum. The animals were administered 20 mg/ 
kg of the test substance orally after fasting. 0.5 mL of blood was collected at regular intervals, centrifuged at 3500 rpm 
for 10 min, and plasma was separated and stored at −20°C.

The 200 μL plasma sample was vortexed and mixed with 1.2 mL methyl tert-butyl ether and dichloromethane (2:1, v/ 
v) for 5 min. After centrifugation at 3500 rpm for 30 min, the supernatant was removed, dried at 55°C under nitrogen, 
redissolved in 100 μL methanol, filtered and injected for HPLC analysis. A Diamonsil C18 column (4.6 × 250 mm, 5 μm, 
Dikma Technologies, China) was used, the mobile phase was methanol-water 70:30 (v/v), the detection wavelength was 
223 nm, and the external standard method was used for quantification.

Pharmacokinetic Evaluation
The peak concentration (Cmax) and time to peak (tmax) were read from the plasma drug concentration–time curve. The 
area under the curve (AUC0-24) was calculated by the trapezoidal method to evaluate bioavailability. The elimination 
half-life (t1/2) was calculated using Eq. (5):

where k is the first-order elimination rate constant of the drug, determined through linear regression of the terminal phase 
of the concentration–time plot. The mean residence time (MRT) of PZQ-PMMs was calculated using Eq. (6):

where AUMC refers to the area under the moment curve from 0 to ∞, while AUC denotes the area under the plasma drug 
concentration–time curve from 0 to ∞.36

Statistical Analysis
The data is presented as mean ± standard deviation (SD). One-way ANOVA was used to perform the statistical analyses. 
Each experiment was conducted in triplicate at least.

Results and Discussion
Preparation of PZQ-PMMs
Considering the strong hydrophobicity of PZQ, Pluronic P123, which has a high ratio of hydrophobic to hydrophilic chain 
lengths, was selected as the micelle carrier material for the experiments. The structure of Pluronic P123 is PEO20PPO70PEO20, 
with a molecular weight of 5800 and an HLB value ranging from 7 to 12. However, due to its short hydrophilic chain, the 
prepared micelles tended to agglomerate and settle after standing. Meanwhile, the micelles prepared solely with P123 did not 
re-dissolve effectively after freeze-drying, resulting in an increase in particle size from approximately 20 nm to 987.6 ± 375.5 
nm. To enhance the stability of the micelles, the more hydrophilic Pluronic L64 was compounded with P123. L64 has 
a structural formula of PEO13PPO30PEO13, a molecular weight of 2900, and an HLB value of 12 to 18. Other Pluronic 
polymers, such as F127 (molecular weight 12600, HLB 20–29), L61 (molecular weight 2000, HLB 3), and L31 (molecular 
weight 1100, HLB 3.5), were also used either separately or in mixtures for the preparation of PMMs. However, these 
alternatives exhibited issues with low EE or poor stability (see Table S1).

The influence of the P123 to L64 ratio on micelles properties was examined in more detail. The results (see Table 1 and 
Figure S1) indicated that the addition of L64 had little impact on the EE of the PZQ-PMMs. When P123, P123: L64 3:1, and 
P123: L64 1:1 were used as carriers, the EE of the micelles was comparable, and all formulations met the requirements for 
particle size uniformity. However, as previously mentioned, the re-dissolution effect of freeze-dried PZQ-PMMs (P123) was 
suboptimal. PZQ-PMMs (P123:L64 3:1) exhibited similar issues. In contrast, PZQ-PMMs (P123:L64 1:1) demonstrated good 
stability after standing for 24 hours post-preparation, showed no collapse in appearance after freeze-drying, and exhibited 
effective re-dissolution (see Table S2). Conversely, when the amount of L64 exceeded P123, both the particle size and PDI of 
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the micelles increased, leading to a decrease in uniformity and stability. Therefore, PZQ-PMMs (P123:L64 1:1) were selected 
as the optimal formulation in this study. Since Pluronic is a non-ionic polymer and praziquantel (PZQ) lacks acidic and basic 
groups, the drug-loaded micelles are nearly electrically neutral and slightly negatively charged. The electrostatic repulsion 
between the particles is small; therefore, they should be lyophilized after preparation.

Characterization of PZQ-PMMs
A representative TEM images (Figure 1) of the optimal PZQ-PMMs formulation revealed that the micelle particles were 
consistently shaped and uniformly distributed. Additionally, the morphological analysis aligned with the average micellar 
size measured by DLS.

FTIR spectra were utilized to confirm the intermolecular interactions between PZQ and PMMs (Figure 2A). In the PZQ 
spectrum (a), the peaks at 2930 and 2853 cm−1 were linked to the C-H stretching vibrations of CH2, and the band at 1651 cm−1 

was the C=O stretching vibration. The peak at 1422 cm−1 indicated the -CH in-plane bending vibration of CH2. Additionally, 
between 1350 and 1000 cm−1, axial deformation was noted, characterized by overlapping bands resulting from the 
symmetrical angular stretching of C-N and C-H in CH2.37 In the blank micelles spectrum (b), the peak observed at 
3269 cm−1 was linked to O-H stretching vibrations, and the peak at 1090 cm−1 signified C-O-C stretching vibrations. 
Additionally, C-H stretching vibrations of CH2 were also detected in this spectrum. In contrast, the spectrum of the physical 
mixture (d) exhibited distinct peaks of both PZQ and PMMs. Lastly, in the spectrum of PZQ-PMMs (c), the characteristic peak 
at 1651 cm−1 for PZQ disappeared, indicating that PZQ was dispersed in the micelles in an amorphous state.38

The formation of PZQ-PMMs was confirmed by DSC, as shown in Figure 2B. The DSC curves for PZQ (a) clearly 
indicated melting temperatures (Tm) at 139°C, which corresponds to the drug’s melting point of 136–142°C.17 In the 
curve representing the physical mixture of PZQ and PMMs (d), the melting peak of PZQ appeared as a broad peak, 
starting at 120°C. The curves for PZQ-PMMs (c) and the blank micelles (b) were nearly identical, exhibiting endothermic 

Table 1 Effects of Different P123/L64 Mass Ratios on PZQ-PMMs Properties (Mean ± SD)

P123/L64 Mass Ratios EE (%) DL (%) Particle Size (nm) PDI Zeta Potential (mV)

4:0 86.00±1.74 4.12±0.08 20.05±0.82 0.180±0.011 −1.576±0.634
3:1 87.75±1.41 4.20±0.06 20.46±0.84 0.118±0.023 −2.371±0.422

1:1 86.88±4.60 4.16±0.21 19.33±0.22 0.106±0.044 −1.766±0.289

1:3 88.62±2.22 4.24±0.10 24.83±1.15 0.251±0.015 −2.783±0.519
0:4 88.56±2.67 4.24±0.12 655.40±235.70 0.724±0.157 −4.131±0.478

Note: The dosage was 5 mg PZQ, 100 mg Pluronic, 5 mL water.

Figure 1 TEM image of PZQ-PMMs prepared by P123: L64=1:1.
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peaks for the micelles near 158°C, while the endothermic peak for PZQ was absent. This observation suggested that the 
drug formed a binding material with the micelles that differed from the physical mixture.

The resulting XRD patterns were depicted in Figure 2C, providing comprehensive insights into the crystalline nature 
of the drugs and formulations. Sharp crystalline peaks were evident in the PZQ diffractogram (a). Due to the incorpora-
tion of mannitol during the freeze-drying process, sharp crystal peaks were observed in the pattern of PMMs (b). The 
pattern of PZQ-PMMs (c) closely resembled that of PMMs, with the characteristic peak of PZQ being indistinguishable. 
In contrast, the pattern of the physical mixture of PZQ and PMMs (d) exhibited a straightforward superposition of the 
crystal peaks from both PZQ and PMMs. Consequently, it could be concluded that PZQ in the drug-loaded micelles may 
exist in either a molecularly distributed or an amorphous condition.39 These results are consistent with the findings from 
the FTIR spectra and DSC curves.

In vitro Release Studies
When compared to PZQ powder and commercially available preparations, PZQ-Q and PZQ-B, the three formulations of 
PZQ-PMMs exhibited similar rapid and complete release profiles (see Figure 3), with highly significant differences in 
both the maximum CRP and the CRP at 2 hours (p < 0.001). In a release medium with a pH of 1.2, the maximum CRP of 
PZQ-PMMs was 83.01 ± 2.00%, which increased with the dosage of L64, demonstrating a significant difference (p < 
0.05). This might be attributed to the higher HLB value of L64 compared to that of P123, along with its shorter 
hydrophobic chain, which weakened the interaction forces within the hydrophobic core and facilitates drug release. In the 

Figure 2 FTIR spectra (A), DSC curves (B), and XRD curves (C) of (a) PZQ (b) PMMs prepared by P123: L64=1:1(w/w) (c) PZQ-PMMs prepared by P123: L64=1:1(w/w) 
(d) PZQ and PMMs physical mixture.

Figure 3 Cumulative release profiles of PZQ from different preparations. (Left: pH1.2, Right: pH6.8).
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release medium at pH 6.8, the maximum CRP of PZQ-PMMs did not show significant differences across the three ratios, 
with the highest CRP being approximately 93%. All six samples exhibited more complete release in the pH 6.8 medium 
than in the pH 1.2 medium. Ana C. Mengarda et al40 observed that the release behavior of PZQ powder using the dialysis 
method was also faster in a pH 6.8 buffer medium. Although PZQ was expected to exist in molecular form in both 
release media, literature41 indicated that its solubility in hydrochloric acid solution was lower than in pH 6.8 phosphate 
buffer solution, which may explain the observed results.

In vivo Absorption Studies
A HPLC technique was established for the measure PZQ concentration in vivo. The retention time for PZQ in 
chromatography was 9.785 minutes, with no interference from endogenous substances in plasma, demonstrating good 
specificity (see Figure 4). A standard curve for PZQ was established, with the regression equation given by y = 0.3164x + 
0.0228 and an R² value of 0.9996. A strong linear correlation was found between drug concentration of plasma and peak 
area within the 0.1 to 10 μg/mL range. The limit of detection (LOD) was established at 0.05 μg/mL, and the limit of 
quantification (LOQ) was set at 0.10 μg/mL. Recovery rates varied from 98% to 110%, with a relative standard deviation 
(RSD) between 4.21% and 5.76%. The RSD values for both intra-day and inter-day precision were below 6%.

Figure 5 displayed the plasma drug concentration–time curves of PZQ after the oral intake of a 30% ethanol solution, 
commercially available PZQ-Q suspension, and PZQ-PMMs (P123: L64 = 1:1) solution. The associated pharmacokinetic 
parameters could be found in Table 2.

Figure 4 HPLC chromatogram of (a) PZQ (b) blank plasma (c) blank plasma with PZQ for specificity.

Figure 5 Plasma drug concentration–time curves in vivo after the oral intake of a 30% ethanol solution of PZQ, PZQ-Q suspension and PZQ-PMMs in rats (Mean±SD).
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After gavage administration, the in vivo release behavior of PZQ-PMMs and PZQ-Q was similar, with both exhibiting 
a rapid peak in the blood drug concentration curve followed by a gradual decline. The tmax of PZQ-Q was 1.3 ± 
0.6 hours, while PZQ-PMMs achieved their peak more quickly, with a tmax of 0.5 ± 0.4 hours. In contrast, the blood drug 
concentration curve of the PZQ 30% ethanol solution displayed double peaks, with tmax values of 0.7 ± 0.3 hours and 6.0 
± 0.0 hours, respectively. This phenomenon may be attributed to the high concentration of ethanol used to dissolve the 
drug, which could affect its absorption in rats.42 The Cmax of PZQ-PMMs was 1659 ± 441 ng/mL, which is 1.9 times 
greater than that of PZQ (P < 0.05) and 1.6 times greater than that of PZQ-Q. This suggests that, at the same dosage, 
micelles can rapidly produce higher blood drug concentrations. The Cmax of the two PZQ micelle formulations mentioned 
in the introduction was 380.75 ± 47.67 ng/mL (for a single oral dose of 12.5 mg/kg) and 20.5 μg/mL (for a single oral 
dose of 400 mg/kg), respectively.8,18 The relative bioavailability of PZQ-PMMs was comparable to that of the PZQ 30% 
ethanol solution and was 1.7 times that of PZQ-Q, with the increase in bioavailability being highly significant (P < 0.01). 
As envisioned, PZQ-PMMs did exhibit faster drug release, higher peak blood concentrations, and improved bioavail-
ability compared to the commercially available formulation. The first-pass metabolism of PZQ is dose-dependent with 
regard to capacity, with saturation of the metabolic routes.1 It is speculated that the enhanced bioavailability of PZQ- 
PMMs results from the transiently elevated blood concentrations, which help to saturate liver drug-metabolizing 
enzymes, thereby reducing the first-pass effect.

Conclusions
PZQ is a very slightly soluble drug, with a notable first-pass effect after oral administration, along with considerable individual 
variability. Developing an immediate release formulation is an effective strategy to enhance the instantaneous plasma 
concentration, thereby maximizing the saturation of liver drug-metabolizing enzymes and improving its bioavailability. In 
this study, the newly discovered Pluronic P123/L64 micelles were utilized to encapsulate PZQ. The optimized PZQ-PMMs 
measured with 20 nm in size and demonstrated high DL and EE, leading to enhanced solubility of drugs that are not easily 
soluble. Furthermore, PZQ-PMMs exhibited superior immediate release behavior compared to the commercial preparations in 
both in vitro release experiments and in vivo absorption studies. Following a single oral dose of PZQ-PMMs given to rats, the 
Cmax was increased, and the bioavailability was significantly improved. Additional studies on taste masking effects, safety, 
long-term stability, and clinical trials are warranted. Moreover, it may be beneficial to combine ionic amphiphilic polymers 
with Pluronic to address the current low zeta potential of the micelles, which could further improve their stability.
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Table 2 Pharmacokinetic Parameters Measured Following the Oral Intake of 
a 30% Ethanol Solution of PZQ, PZQ-Q Suspension and PZQ-PMMs in Rats 
(Mean ± SD)

Parameters PZQ Solution PZQ-Q Suspension PZQ-PMMs

Cmax (ng/mL) 854±14 1013±358 1659±441*

tmax (h) 6.0±0.0 1.3±0.6 0.5±0.4
t1/2 (h) 4.4±1.3 4.3±0.6 3.9±0.9

k (1/h) 0.165±0.045 0.164±0.020 0.187±0.050

AUC0-24 (ng/mL/h) 6565±357** 4218±1160 6982±1021**
MRT (h) 8.2±1.2 5.9±0.7 7.2±1.7

Notes: *Indicates statistical significance when compared with PZQ Solution, p < 0.05; **Indicates 
statistical significance when compared with PZQ-Q suspension, p < 0.01.
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