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ABSTRACT

Lately, nanoemulsions loaded with hydrophobic drugs have been successfully developed
to improve the treatment of several global diseases. On this subject, a detailed study of
the crucial role of the excipients and the experimental conditions used for these
nanosystems is still required. Thus, the aim of this work was the development of
nanoemulsions of Benzidazole (Class I, log P=0.91), Praziquantel (Class Il, log P=2.44),
Pyrimethamine (Class II/IV, log P=2.69), Niclosamide (Class II/IV, log P=4.5), and
Triclabendazole (Class II/IV, log P=5.9) using Span® 80, soybean lecithin and Miglyol®
812 as excipients. A Placket-Burman design was selected to identify the main
parameters that influence in the desirable characteristics of such formulations. Then, a
full factorial design was built to analyze the effect of the factors identified in the
screening phase. Plackett-Burman design indicated that Miglyol® 812 and lecithin were
the two most influencing factors on the hydrodynamic diameter of the systems. In
addition, the association efficiency was influenced by the log P of each drug while the
response stability in PBS was modified by Span® 80 and log P. The results of the full
factorial design revealed that concentration of Miglyol® 812 and log P values of each
drug have a remarkable impact on the stability of the nanosystems. The optimal
conditions for the preparation of nanoemulsions were verified by other independent
experiment and the results were in agreement with the predicted optimum values. Thus,
this methodology could serve as an attracttive platform to deliver other hydrophobics

compounds in stable nanoemulsions.

KEYWORDS: Nanoemulsions, Quality by Design, Placket Burmann, Central Composite,

Lecithin, Span 80.



1. Introduction

One of the major challenges in the pharmaceutical industry is the design of novel drug
delivery systems with improved biopharmaceutical properties!. However, the poor
aqueous solubility of drugs may leads to a low/erratic bioavailability, affecting the in-
vivo performance of such systems?. In this regard, several strategies have been explored
to overcome such drawback including the supercritical antisolvent technique3~,
amorphous and crystalline solid dispersions 8, cyclodextrin complexes®'?, cosolvency®?*
14 and microencapsulation®>’. Particularly, the reduction of the particle size from micro-
to nanometer scale is as a valuable and widely applied approach to improve the
apparent saturation solubility, dissolution rate and bioavailability of hydrophobic
molecules®®. Thus, nanoemulsions (NEs), which exhibit mean droplet diameters ranging
from ~10 to ~1000 nm, are one of the most promising pharmaceutical platforms to
deliver chemotherapeutic agents for the potential treatment of cancer'?;
neurodegenerative pathologies?®?? and type |l diabetes?3. It is worth mentioning that
NEs are conventionally prepared using high energy emulsification techniques (high-
pressure homogenization or ultrasound methods) as well as low-energy emulsification
methods (solvent displacement technique). In the case of the solvent displacement
process, the immediate diffusion of the organic used solvent (acetone, ethanol,
methanol, etc) into the external aqueous phase leads to the spontaneous formation of
oil nanodroplets, stabilized by surface-active agents. In this regard, different surfactant
agents including poloxamers, sodium lauryl sulphate, polysorbates, soybean lecithin?*%’
and the selected experimental conditions play a fundamental role toward the
formulation of stable NEs with desire physicochemical properties?®32, Even though

these systems have often improved the physicochemical properties of the loaded drugs,



it is necessary to increase the number of systematic evaluations related with the
methodology to obtain a maximum association efficiency, stability and a minimum
polydispersion index. Thus, many statistical experimental designs are useful techniques
to collect a high number of data with fewer runs, which may allow a better control
during the complex methodologies3'3%. Following these “Quality by Design criteria”, the
aim of this work was the development of NEs loaded with Benznidazole, Praziquantel,
Pyrimethamine, Niclosamide, and Triclabendazole. These widely prescribed drugs
belong to Class Il/IV into the Biopharmaceutical Classification System (BCS)?. Herein, for
the first time, these NEs were prepared and optimized using an experimental design
approach with Miglyol® 812 as oil phase and soybean lecithin and Span® 80 as co-
surfactants. The nanoformulations were characterized in terms of particle size, zeta
potential, association and loading efficiency, stability in biological media and storage
stability. It is worth noting that these model drugs, used for the treatment of parasitic
neglected tropical diseases, are included in the World Health Organization Model List of

Essential Drugs®°.

2. Experimental

2.1 Materials

Benznidazole (BZN) (lot 260835, 99.45% purity) was a gift from Produtos Roche
Quimicos e Farmacéuticos S.A. (Sao Paulo, Brazil), Pyrimethamine (PYR), Niclosamide
(NICLO) and Triclabendazole (TCBZ) were provided by Chemo (Buenos Aires, Argentina).
Racemic Praziquantel (PZQ) (lot C19H24N202, purity > 99.4%) was purchased from

Romikin (Buenos Aires, Argentina) Miglyol® 812 was kindly provided by Peter Cremer



Oleo (USA). The surfactant lecithin (Epikuron® 145v, a phosphatidylcholine enriched
fraction of soybean lecithin) was kindly donated by Cargill (Spain). Span® 80 (lot B20Y9)
was purchased from Saporiti (Buenos Aires, Argentina). All water used in the study was
ultrapure MilliQ water with a resistivity of 18.2 MQ at 25 °C and passed through a filter
with a pore size of 0.22 um. All other reagents used were of analytical grade if not

specified otherwise.

2.2 Nanoemulsion formulation

The general procedure to prepare the NEs was based on a previous described
protocol23,30. The amounts of the excipients and the experimental factors varied as
indicated by the experimental designs. Briefly, an organic phase was formed by
dissolving drugs, lecithin (Epikuron 145v, 0 — 120 mg) and Span 80 (0 — 2 % v/v) in an
aliquot (0,5 — 3 mL) of the solvent (ethanol or acetone), followed by the addition of
Myzgliol 812 (0 — 350 pL) and adding solvent up to 10 mL. This 10 mL volume of organic
phase were immediately mixed (O - 500 rpm) with water following the order indicated
by the design (O-W, W-0). NEs were formed spontaneously due to the organic solvents
diffusion. Finally, after an indicated time (1 — 30 min) the solvent and part of the water
were evaporated at 40°C under vacuum on a R-210 Rotavapor (Bichi Labortechnik

GmbH, Essen, Germany) to reach the final evaporation volume (7-10 mL).

2.3 Quality By Design experiments

For the screening phase, a Placket-Burman design (12 runs, O center points), was
selected to identify the effect of 10 factors over 6 responses that influence the desirable

characteristics of Lecithin/Span NEs3*. The studied parameters were excipient



concentrations (Miglyol® 812; lecithin; Span 80), solvent (Ethanol and Acetone), stirring
rate (0 — 500 rpm), mixing order (O-W, W-0), time before evaporation (1 — 30 min),
aqueous volume (10 — 20 mL) and final evaporation volume (7 — 10 mL). The different
responses analyzed were drug association efficiency, particle size (Z-average
hydrodynamic diameter), PDI, derived count rate, particle size stability over time (30
days) and stability in PBS. TCBZ (log P = 5.9) and BZN (log P = 0.91) were used as model

drugs in this phase. The detailed experimental design was shown in Table 1.

To further refines the analysis of the influence of the main parameters identified in the
screening phase, a Central Composite design (4 factors, 6 responses) was implemented.
This factorial design consisted of 30 experiments, which included combinations of the
selected factors in the following ranges: Miglyol® 812, 0-350 L, lecithin 0-120 mg, Span®
80 1-3% v/v and log P values 1.6-5.9. Taking into account the results of the screening
phase several factors were fixed. Thus, time before evaporation were set to 1 min,
aqueous phase volume and final evaporation volume was set to 20 mL and 10 mL
respectively. Mixing order was set O-W and the stirring was set to 0 rpm. The detailed

experimental design was shown in Table 3.

2.4 Physicochemical characterization

The nanosystems were characterized regarding their size (Z-average hydrodynamic
diameter), polydispersity (PDI), derived count rate (DCR) and zeta-potential (ZP). The
particle size distribution and polydispersion index were determined by dynamic light
scattering with non-invasive back scattering (DLS-NIBS) with a measurement angle of

173°. The autocorrelation functions were fitted with the default Non-Negative Least



Squares (NNLS) fit to calculate the intensity size distribution plots and evaluate the Z-
average hydrodynamic diameter. The zeta-potential was measured by mixed laser
Doppler velocimetry and phase analysis light scattering (M3-PALS). A Malvern Zetasizer
NanoZS (Malvern Instruments, Malvern, UK) fitted with a red laser (A=632.8 nm) was
used for both determinations. Samples were diluted 1:100 and, then, the measurements
were carried out in triplicate. The Zeta Sizer Software (v 7.12) was used to acquire and

evaluate the size and zeta potential data.

2.5 Association and loading efficiency

The nanoformulations were separated from the insoluble solids in suspension by
ultracentrifugation (Mikro 220 R, Hettich GmbH & Co. KG, Tuttlingen, Germany) at
25,000 x g for 10 minutes at 15 °C. The nanoformulations formed a creamy layer on top
of the aqueous phase, while the suspended crystals precipitated forming a pellet at the
bottom of the vial. The amount of drug in the nanoformulations was determined by
HPLC using an UV detector against a standard curves produced with drugs stock solution.
The association efficiency was calculated as the difference between the total amount of
drug incorporated in the NEs and the amount present in the filtrate and the pellet

(Equation 1):

Mass druggssociated

Mass drugipeoretical

* 100

Association ef ficiency (%) =
(1)
High Performance Liquid Chromatography with Ultraviolet/Light Detection (HPLC/UV-
VIS) Analysis
The quantification of the drugs was performed using high performance liquid

chromatography (HPLC). The analysis were performed with a Jasco HPLC system (JASCO



Labor-und Datentechnik GmbH; Gross-Umstadt; Germany) consisting of a 3-line
degasser (DG-2080-53), a ternary gradient unit (LG-2080-02S), a semi-micro HPLC pump
(PU-2085Plus), an autosampler (X-LC™ 3159AS), an intelligent column thermostat (CO-
2060Plus) equipped with a C18 reversed-phase column 150 mm x 2.1 mm with a particle
size of 2.6 um. A fixed flow rate of 0.2 mL/min at T = 40 °C was used and 5-pL of sample
were injected within a total run time of 10 min. The concentrations of the model drugs
were detected using a UV/VIS detector (X-L™ 3075UV). All experiments were performed

in triplicate.

2.6 Size stability in biological media
The stability of NEs during incubation in phosphate buffered saline (PBS, pH 7.4, at 37

°C) was studied based on the ratio between the particle size at 0 and 24 h (Equation 2):

PBS _ Sizes, (2)

stability SiZeOh
2.7 Size stability over time

The systems were storage for 30 days at 25 °C and the storage stability (ST30) of NEs

was evaluated in terms of the particle size at 0 and 30 days of storage (Equation 3):

ST30 — Sl'zesod (3)
Size,,

2.8 Software

The software applied to the experimental design and ANOVA test was Design Expert

version 7.0.3 (Stat-Ease Inc., Minneapolis, MN, USA).

3. Results and discussion



3.1 Screening phase

A Placket-Burman design was selected to screen and identify the main parameters that
influence the desirable characteristics of the formulations®*. The different responses
analyzed were drug association efficiency, particle size (Z-average hydrodynamic
diameter), PDI, derived count rate, particle size stability over time (30 days) and stability
in PBS (Table 1). TCBZ (log P = 5.9) and BZN (log P = 0.91) were used as model drugs in

this phase.

Insert Table 1

The results of the screening analysis are shown in Table 2. Of note, Miglyol® 812 and
lecithin were the more influencing factors for the particle size, while Miglyol® 812,
solvent, Span® 80, time before evaporation and mixing order were the factors
influencing the PDI. Miglyol® 812, solvent and mixing order also modified DCR, whereas
the log P of the drugs influenced the association efficiency. It is also important to note
that Span® 80 and log P influenced the response stability in PBS, while both aqueous
volume and final evaporation volume modified the stability over time. Finally, the

stirring rate did not reach statistically significant effect over the studied responses.

Insert Table 2

Regarding the influence of the solvents in the organic phase, acetone increased the PDI

when compared to ethanol (Fig. 1 A and 1B). It is in agreement with the Marangoni

effect, which describes certain perturbation at the droplet interface occurring in the



emulsification step, probably due to a transfer of ethanol across the unequilibrated
solvent/water interface. Herein, the surface activity of ethanol, as a consequence of its
molecular interactions with organic solvents and water (dipole—dipole forces and
hydrogen bonds, respectively), is higher than the surface activity of acetone leading, as
a consequence, to a smaller PDI. This finding is in agreement with the literature. As
reported, the concentration of ethanol, as cosolvent, played a fundamental role to
control the PDI during the preparation of nanospheres through the emulsification—
diffusion process®. Moreover, the mixing order influenced PDI and DCR while lowest
PDI and highest DCR were obtained when mixing order was O-W (Fig. 1C and 1D). This
fact could be due to the diffusion rate of the solvent. In case of O-W the diffusion rate is

faster, reducing the PDI?.

Insert Figure 1

As seen in Fig. 1E, the size stability in PBS was improved by increasing the amount of
Span® 80 added to the NEs. It could be due to a decrease of the droplet coalescence rate
by altering the optimum curvature of the surfactant layer (altering the interfacial
tension). It is in accordance with the work of Rao and McClements38, who described the
formulation of stable NEs by using ionic and non-ionic surfactant agents. As shown in
Fig. 1F and 1G, Miglyol® 812 content modified PDI and increased size, therefore, the
optimization of this factor was carried out. Lecithin concentration did not modify, in a

significant manner, the PDI but mainly affected the droplet size (Fig. 1H).



3.2 Full factorial design

To further refines the analysis of the influence of the main parameters identified in the
screening phase, a full factorial design was implemented. The model drugs selected
for this analysis present a wide range of log P values, which are adequate for our
purposes. The previously identified factors Miglyol® 812, lecithin, and Span® 80 were

also analyzed (Table 3).

Insert Table 3.

The procedure was carried out using response surface methods (RSM) in order to
estimate the values of the most important factors. It could lead to the best compromise
between maximum association efficiency and DCR; in addition to a minimum PDI, size
and zeta-potential, which appeared mostly influenced by the studied factors in the
screening phase. The factorial design consisted of 30 experiments, which included
combinations of the selected factors in the following ranges: Miglyol® 812, 0-350 uL,
lecithin 0-120 mg, Span® 80 1-3% v/v and log P values 1.6-5.9 (Table 2). Taking into
account the results of the screening phase (see above) several factors were fixed. Thus,
time before evaporation were set to 1 min, because using this value the PDI was
minimized (Figure 2A). Aqueous phase volume and final evaporation volume was set to
20 mL and 10 mL respectively, to increase the stability over storage (Figure 2B and 2C).

Mixing order was set O-W, due to this methodology produced the smallest PDI and the



highest DCR (Figure 1C and 1D), and the stirring was set to 0 rpm due to the fact that

this factor did not affect any response (Table 2).

Insert Figure 2

In the case of the response “size”, although it was influenced by different factors (Table
2), in all experiments it remained between 36.3 and 390.0 nm. These size values are in
the submicron range,*® which is suitable for the preparation of NEs. Therefore, this
factor was not optimized. All experiments were performed in random order to minimize

the effects of uncontrolled factors that may introduce a bias on the measurements.

The responses for all the 30 experiments were fitted to polynomial models, using
backward elimination to estimate the best models. These results indicated that a linear
model best explains the behavior of the responses DCR (p-value = < 0.0001) and zeta-
potential (p-value = 0.002), while a quadratic model was appropriate for both the
association efficiency (p-value = < 0.0001) and PDI (p-value = 0.006). A 2FI model was

correlated with the stability over storage (p-value = 0.006).

When a simple response is considered, the model analysis indicates areas in the design
region where the system is likely to give desirable results. However, when several
responses need to be optimized simultaneously, the desirability function, which is a
function of more than one response, can be employed*!. The desirability with a range
from O (value undesirable) to 1 (all responses are in a desirable range simultaneously),

was employed to optimize the mentioned responses simultaneously.



As reported®?, the low drug loading represent a serious drawback due to may lead to the
administration of large volume of the products to produce the required biological
activity. According to it, the highest importance in the optimization process was to
achieve a high AE. Four responses, as suggested by the analysis of the above-discussed
effect, were simultaneously optimized: minimum PDI and zeta-potential, and maximum
DCR and association efficiency. During the optimization, an importance of 1+ was
assigned to the responses PDI, zeta-potential and DCR while a maximum importance
(5+) was assigned to association efficiency. After the optimization method was
conducted, a response surface for the global desirability was built as a function of the

influencing factors (Figure 3).

Insert Figure 3

A close inspection of Figure 3A reveals that both high Miglyol® 812 concentration and
high log P values increased the desirability parameter, while smaller values reduced it
dramatically, probably because the system becomes unstable under these conditions.
Notice that the most influential factor for the association efficiency in any of the
different combinations (response with the highest assigned importance) was the log P

of each model drug (Figure 3B, 3C and 3D).

Therefore, based on the design presented in Table 2, three optimization conditions: log
P at 2.44, 2.69 and 5.9, corresponding with PZQ, PYR and TCBZ were fixed, respectively.
Both PYR and PZQ were selected because both drugs have low log P values that were

associated to smaller desirability and association efficiency. Then, the responses were



optimized in the worst working conditions. The desirability and different responses as

function of the factors for each selected log P value are shown in Figure 4.

Insert Figure 4.

As expected, the maximum desirability value (0.94) was obtained when log P value was
5.9 (for TCBZ) while desirability values of 0.82 and 0.80 were obtained for log P values
of 2.44 and 2.69, respectively. Desirability plots for PZQ, PYR and TCBZ showed that this
function was improved when the Miglyol® 812 concentration was highest. When low log
P values were analyzed (2.44 and 2.69) it was observed that at the lowest Miglyol® 812
concentration the desirability function was zero. Miglyol® 812 is the oil phase of the
nanoemulsion where the drug is dissolved and the log P value measures the capacity of
a drug to be solubilized in the organic phase. Thus, the lower log P value, the lower its
solubility in this phase. Therefore, the lowest log P values and lowest Miglyol® 812
concentration afforded the lowest desirability. As expected, it was also observed that
the association efficiency was improved when highest Span® 80 concentrations were
employed. Based on the obtained desirability functions, the best working conditions
corresponding to the design (which is in the region of maximum desirability) were
selected. The desirability function yielded values of D=0.82 (log P=2.44) using the
following factor values: Miglyol® 812: 350 L, lecithin: 120 mg, and Span® 80: 0.09 mg;
D=0.80 (log P=2.69), using the following factors values Miglyol® 812: 350 pL, lecithin:
120 mg, and Span® 80: 0.43 mg; and D=0.94 (log P=5.9), using the following factors
values Miglyol® 812: 340 pL, lecithin: 95 mg, and Span® 80: 0.9 mg, which were suitable

for the purposes of this work.



3.3 Experimental verification

The optimal conditions for the preparation of NEs were verified by an additional

independent experiment (Table 4).

Insert Table 4.

The obtained results were in close agreement with the predicted optimum values, with
slight differences related to the measurement error. These interesting findings provided
strong confidence that the applied optimization procedure led to reliable values of the
factors influencing the presently studied formulation. Some of the optimum factor
values could be explained by considering the physicochemical parameters of the

formulated NEs, as discussed before.

4. Conclusions

This work demonstrates that several widely used hydrophobic drugs in human
and veterinary medicine were successfully loaded in stabilized NEs through the
rational analysis of different parameters involved in the formulations. Miglyol®
812, as oil phase, and soybean lecithin and Span® 80 as co-surfactants lead to
stable O/W NEs, which exhibited particle sizes lower than 160 nm and an
association efficiency between 55 and 97%. Both the mixing order and the Span®

80 concentration played a fundamental role in the polydispersion index and the



storage stability, respectively. Particularly, the optimization of stabilized NEs
loaded with praziquantel (presenting 97% of association efficiency) and with
pyrimetamine (presenting 92% of association efficiency) was successfully done.
Thus, these stable NEs based on Miglyol® 812, soybean lecithin and Span® 80 are
a promising approach for potential treatment of different neglected parasitic

diseases.
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Table 1. Plackett—Burman design built for factor select

Factors Responses
Run M* (s S80° log P Solv? SR® Mo’ TBES AVE FEV! Size! PDI* DCR! AE™ PBS., 5£30°
1 250 40 1 09 E 500 o-w 30 10 10 464.4 0.186 505148 12.7 0.78 1005
2 250 40 1 09 A 0 w-0 1 20 10 254.0 0311 52,3187 96 0.82 1000
3 250 80 0 0.9 E 0 0-W 30 20 7 2228 0163 175,426.7 8.7 0.93 0,583
4 250 80 0 5.90 E 500 W-0 1 10 10 2126 0151 101,454.6 90.6 213 1262
5 250 30 1 590 A o 0-wW 1 10 7 187.0 0192 86,598.6 86.2 0.96 1488
G 125 40 1 5.90 E 500 0-W 1 20 7 177.8 0242 65,770.3 833 0.85 0,966
7 125 80 1 5.90 E 0 W-0 30 20 10 1874 0349 334275 518 0.70 0,445
8 125 80 0 fik:]} A 500 0-W 1 20 10 2132 0331 263433 8.0 0.88 0,714
9 125 40 i) 0.91 E o w-0 1 10 7 1628 0318 35,3560 79 0.90 1491
10 250 40 ] 590 A 500 w-0 30 20 T 383.1 0349 49,7254 89.9 231 0,863
11 125 80 1 0.91 A 500 Ww-0 30 10 T 885 0510 4879.7 11.2 0.63 2587
12 125 40 0 5.90 A 0 o-wW 30 10 10 2392 0290 883319 76.7 1.92 0,824
2 Miglyol® 812,
" Ledthin
€ Spam 80.
4. Solvent (Ethanol and Acetone).
® Stirring rate,
" Mixing order,
* Time before evaporation.
h

Aqueous volume.

! Final evaporation volume.
4 Particle size.

k

Polydispersion index.

! Derived count rate,

m

n

o

Assodation efficiency.
Phosphate-buffered saline.
Stability storage time.



Table 2. p-values for the different factors of the six responses

Size PDI® DCR AE* PBS;"  ST30

Model 00432 00108 00070 00038 00045 00438
Miglyol® 812 00181 00035 00020 00682 00765 -

Lecithin 00298 - - E - -

Span® 80 - 00444 - 02897 00031 01299
Log P - 00267 - 00003 00052 01718
Solvent - 00051 00077 02946 - 0.1351
Stirring time~~ 0.1907 00706 - 00808 02094 01649
MO* 03057 00049 00034 - - 0.0884
TBE" 01023 00179 00541 01992 - -

AV© - 01394 02069 02037 - 00115
FEV 0.1248 00627 - 01702 - 00417

The outlier point was remove for the analysis of the model.

* Mixing order,

Time before evaporation.
Aqueous volume,

Final evaporation volume.
Polydispersion index.
Derived count rate.
Assodation efficiency.
Phosphate-buffered saline,
i Stability storage time.

o

T mE oM B M



Table 3. Central composite design used for the optimization of the responses.

Factors Responses
std Rim M* ™ 580° oz P Sigp? POI" i o AEF DCR" 57300
17 1 0.00 42 1 449 3900 0363 —289 363 679783 0276
7 2 12.50 £0 2 269 527 0149 -277 7.0 4306 0569
5 3 12.50 4 2 269 2021 0247 296 18.85 1007.1 1187
14 4 25000 4 2 590 1812 iR ] —128 a4.05 1785225 1075
1 5 12.50 80 0 590 824 0285 —417 .83 150259 0798
19 6 13125 [} 1 449 3525 052 254 i31 1228896 0517
x 7 13125 42 1 449 3970 0565 —350 192 70603 0316
Q 8 12.50 4 0 590 147.7 0.081 —273 65.33 1105024 0E48
n a 13125 ] 0 449 1644 0224 —406 247 558710 1088
4 10 250.00 80 0 269 1591 0178 —427 11,86 1334526 12.320
1 1" 12.50 &0 a 269 807 0279 —-325 1033 42189 8470
] 12 13125 2 1 091 1522 0233 —484 10.48 T1.2552 a2
10 13 250.00 4 a 590 2133 008 —-384 95,50 1718974 1092
12 14 250.00 80 0 590 1726 018 —467 90.50 2013470 0954
bi] 15 13125 a2 1 449 2873 0474 -307 1.71 55,6099 0450
12 16 12.50 4 3 500 176.1 oz -123 93.33 627211 0380
n 17 13125 42 1 449 1828 0442 —338 152 T2056.0 0793
7] 18 13125 42 1 244 1523 o.1az —435 0.00 68,1359 DOE6
26 19 13125 42 1 449 255 0472 —399 192 B5.007.1 0490
6 0 50 4 2 269 1924 0130 —-173 18:13 1625381 1200
16 2 250 80 2 590 159.1 o198 —325 96,95 1626322 0928
15 n 125 80 L} 590 363 0380 —-303 87.91 15293 1439
0 ] 13125 18 1 449 1832 0264 —457 5423 507164 0524
b1 2 13125 42 1 449 1567 0389 —429 174 485575 0854
F 5 50 4 0 269 09 0127 —-323 546 1175427 2350
18 26 36875 42 1 449 2026 0250 —310 278 20609285 1103
& s 50 80 2 260 1646 0.147 —290 .67 1290824 1149
n 28 13125 ] 3 449 2167 0476 —339 287 516517 0672
0 | 13125 2 1 449 1698 02n —28% 0.00 732756 0833
1 30 125 4 a 160 1409 0240 —194 247 7210 1201
“ Mighyol® 812,
® Lecithin
© Spam 80,
“ Partide size.
“ Polydispersion indmc
! Zeta potential.

* asmdiation effidency.
" Derived count rate.
" Sahility stomge time.



Table 4. Summary of physical characteristics of PZQ (log P = 2.44), PYR (log P = 2.69)
and TCBZ (log P = 5.9) optimized nanoemulsions

Drug (log P} Response Predicted value Experimental value®
PZQ (2.44) Size - 146.9
AE" 96.18 97.03
ZP* —566 —48.3
PO 0.25 0.18
DCR® 110,269.6 119,970.5
ST30 - 0.976
PYR (2.69) Size - 144.83
AE" 54.84 55.88
7Pt —3556 —32.70
pDH 0.25 0.19
DCR* 104,021.1 106,122.2
5T20' = 1.120
TCBZ (5.9) Size = 154.76
AE" 04,79 92,58
i i —46.8 —48.0
PO 0.20 0.18
DCR® 2323148 230,379.5
sT30' - 0.987

ol

b

All the experiments were done in tiplicate (n = 3},
Association efficiency,

¢ Zeta potential.

4 Palydispersion index.

* Derived count rate.

! Stability storage time.



Figure 1.

Influence of solvent type,mixing order, Span 80,Miglyol and Lecithin. One factor graphs
showing the effect of ethanol and acetone over polidispersion index (A) and derived
count rate (B). Influence of phases mixing order in PDI (C) and DCR (D). Effects of the
factors on stability in PBS [Span® 80 (E)], PDI [Miglyol (F)] and size [Miglyol (G) and

Lecithin (H)].

A

Solvent

240 1

PDI

w0
Mixing order

PBS st

0w 0 0 am

Span 80 (%)

1500 1825

Miglyol (ul)

w50 21875

Aostone

o-w

23000

168337
124753
.
o
8 s
415843
.
Bharal Fostone
Solvent
9.0
69.25- .
o«
8 4750
575
4.00
W-0 o-W
Mixing order
051¢
0.4
g 033 T
0.240
.
01
1230 1% 150 21875 2500
Miglyol (i)
aT0
37253
]
@ 2780 7
177.51
.
80.0
©0 * 00m “ @ ¥ 00 “ o ¥

Lecithin (mg)



Figure 2. Influence of time before evaporation, aqueous volume and final evaporation volume.
One factor graphs showing the effect of the factors on PDI (time before evaporation [A]) and
ST30 (aqueous volume [B] and final evaporation volume [C]).
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Figure 3. Global desirability and association efficiency as function of different factors.
Response surface graphs showing the effect of log P andMiglyol over desirability [A],
and the influence of log P over association efficiency at different concentrations of
lecithin [B], Miglyol [C] and Span 80 [D].
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Figure 4. Desirability and responses as functions of factors for each selected log P
values. Response surface graphs of desirability, association efficiency, PDI, Z-pot and
DCR for differents log P values. Column A: log P = 2.44 (Praziquantel), column B: log P =
2.99 (Pyrimethamine), column C: log P = 5.9 (Triclabendazole).
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