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The purpose of this work is to study the molecular association that occurs between 2-hydroxypropyl-B-
cyclodextrin (HPBCD) and 6-chloro-5-(1-naphthyloxy)-2-(trifluoromethyl)-1H-benzimidazole (RCB20),
an antiparasitic compound recently found by our research group, with poor aqueous solubility. The com-
plex stability constant and stoichiometric ratio determined by phase-solubility diagram and Job’s plot

provided evidence that HPBCD enhanced water solubility of RCB20 through inclusion complex formation.
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Two-dimensional '"H NMR spectroscopy is used to study the molecular arrangement of inclusion complex
in solution. These results are further supported using molecular modeling studies. In the solid state, the
complexation is confirmed by differential scanning calorimetry, powder X-ray diffraction, and scanning
electron microscopy. Finally, RCB20/HPBCD complex has better activity than RCB20 against the adult
and muscle larvae phase of Trichinella spiralis.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Benzimidazole 2-carbamate derivatives, such as albendazole
(ABZ) (Fig. 1) and mebendazole (MBZ) are widely used in the
chemotheraphy of many human and animal enteral helminthic
infections.! Although ABZ has also been used in some tissue-
dwelling parasitosis, such as trichinellosis, echinococcis, and
neurocysticercosis, high doses and long treatments are required
due to the poor solubility and bioavailability of this compound.?*
Human trichinellosis, caused by nematodes of the genus Trichinella,
has a wide geographical distribution, so far documented in 55 coun-
tries around the world, including industrialized and non-industrial-
ized nations.>~8 It has been estimated that around 11 million people
may be infected with the parasite.® Trichinella spiralis, the main
species affecting humans, is mainly acquired by ingestion of raw
or undercooked meat contaminated with encysted muscle
larvae.'®!! In addition to its epidemiological relevance, T. spiralis
canbe used as a model for the search of new antiparasitic agents that
can be evaluated against both the enteral and systemic phase of the
parasites.

* Corresponding author. Tel./fax: +52 56225287.
E-mail address: franher@unam.mx (F. Hernandez-Luis).
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In order to identify the potential of the 2-(trifluoromethyl)-1H-
benzimidazole system as a scaffold for the development of new anti-
parasitic agents, we have previously synthesized and tested four ser-
ies of derivatives of this compound.'>"'> These compounds were
evaluated in vitro against protozoan parasites (Giardia intestinalis,
Entamoeba histolytica, and Trichomonas vaginalis) and the helminth
T. spiralis. One of these derivatives, 6-chloro-5-(1-naphthyloxy)-2-
(trifluoromethyl)-1H-benzimidazole, in this work named RCB20
(Fig. 1), presented an antiparasitic profile similar to ABZ,'> but not
present in its structure a group of easy biological oxidation as
thioester of albendazole, therefore is not expected to present a
extensive first-pass metabolism. However, in these studies RCB20
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Figure 1. (a) 6-Chloro-5-(1-naphthyloxy)-2-(trifluoromethyl)-1H-benzimidazole
(RCB20); (b) methyl[5-(propylthio)-1-H-benzimidazol-2-yl]carbamate (ABZ).
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showed poor aqueous solubility, which hampered the subsequent
in vivo experimental trials. Although poor aqueous solubility is ideal
for luminal infections, it represents a problem in the treatment of
systemic helminthiasis such as trichinellosis. Furthermore, the lack
of water solubility reduces flexibility for drug formulation and
administration. To overcome these drawbacks, increasing the aque-
ous solubility of RCB20 is an important goal. An alternative to
increase the solubility, stability, and bioavailability of drugs has
been the formation of inclusion complexes with cyclodextrins
(CDs).'517 These cyclic oligomers are formed by glucopyranose
molecules bound through 1-4 bonds, and are most commonly com-
posed by 6 (o-CD), 7 (B-CD) or 8 (6-CD) glucose units. CDs are able to
form inclusion complexes with different classes of molecules, mod-
ifying their physical, chemical and biological properties. The hydro-
phobic cavity of CDs can form inclusion systems with a variety of
guest molecules. The binding is governed by the molecular polarity
and ability to closely fit within the cavity.'®'® Among CDs,
2-hydroxypropyl-p-cyclodextrin (HPBCD) appears to be especially
useful based on its low toxicity, complexation potential, and great
water solubility.2%2!

The aim of this work was to study the molecular association
that takes place between RCB20 and HPBCD. To ascertain the inclu-
sion complex formation, phase-solubility diagram and Job’s plot
were performed. The inclusion mode was estimated by two-
dimensional proton nuclear magnetic resonance (2D 'H NMR)
spectroscopy and molecular modeling. Additionally, differential
scanning calorimetry (DSC), powder X-ray diffraction (XRD), and
scanning electron microscopy (SEM) were employed to character-
ize the complex in solid state. Finally, the in vivo anthelminthic
activity against T. spiralis of the RCB20/HPBCD system was
evaluated.

2. Results and discussion
2.1. Chemistry

The benzimidazole derivative RCB20 was prepared according to
our published procedure with minor modifications.'> Briefly,
4,5-dichloro-2-nitroaniline was subjected to an aromatic nucleo-
philic substitution reaction with 1-naphthol under known condi-
tions, and the ether obtained was reduced with hydrogen and
Raney-Nickel. The corresponding 1,2-phenylenediamine formed
was immediately condensed with trifluoroacetic acid to give
RCB20. The compound was purified by recrystallization from cyclo-
hexane, and its structure, established by spectroscopic and spectro-
metric methods, was consistent with that previously reported.!®

2.2. Phase-solubility diagram

As shown in Figure 2, there is a linear increase in RCB20 solubility
with increasing concentrations of HPBCD indicating the formation of
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Figure 2. Phase-solubility diagram for RCB20/HPBCD host-guest system at 25 °C.

a soluble complex between RCB20 and this CD. The solubility curve
obtained can be classified as A, type.?? Because such profile was
characterized by a slope of less than 1, it was assumed that the
solubility increase was due to the formation of a 1:1 complex.??
The apparent stability constant (K;.;) was estimated from the
straight line of the phase-solubility diagram according to the equa-
tion: Kq.; =m/So(1 — m), where m is the slope of the linear plot and
So is RCB20 intrinsic water solubility (So=11 mg/L, 30.32 uM)
determined by UV-spectroscopy.?? Inclusion complex aqueous solu-
bility was also evaluated.?? Solubility value obtained of 15 mg/L rep-
resents a 36% increase relative to free RCB20.

The value of K;.; is a useful index to estimate the degree of
binding strength of the complex. Values of K;.; have been reported
in 0-10,000 M~! range. Constants values less than 100 M~ denote
weak guest-host associations, whereas values near to 10,000 M~!
indicate strong interactions.*'%?426 The K;.; value for the
RCB20/HPBCD inclusion complex was 5157 M~!, suggesting that
a favorable interaction between them occurs.

2.3. Stoichiometry determination by the continuous variation
method (Job’s plot)

The Job’s method (Fig. 3) was used for the determination of the
stoichiometry of the inclusion complex from UV-spectrophotomet-
ric measurements.?* The plot shows a maximum value at r=0.5
and a symmetrical shape, indicating the existence of a complex
with a 1:1 stoichiometry. This result is in agreement with the
phase-solubility studies between RCB20 and HPBCD.

2.4. 'TH NMR spectroscopy

In order to observe the inclusion mode of RCB20 into HPBCD, a
NMR study was performed. The inclusion of one molecule in aque-
ous CD solution can be evidenced by modifications of the 1D 'H
NMR spectra of guest and host molecules.?’” However, in this case,
the NMR study was inadequate to allow the full spectroscopic char-
acterization of the complex in D,0, particularly by the continuous
variation method necessary to establish the degree of association
between RCB20 and HPCD in aqueous solution. Nonetheless, 'H
NMR spectra of RCB20, HPBCD, and RCB20/HPBCD were acquired
in MeOD/D,0 mixtures. The maximum amount of deuterated water
that could be employed without precipitation of HPBCD and the
inclusion complex corresponded to 70:30 ratio (Fig. 4). The singlets
arising from H-3uppcp and H-5uppep in @ MeOD/D,0 solution of
HPBCD resonate at § 4.013 and 3.882 ppm, respectively. In the
inclusion complex, the corresponding signals shift to § 4.025 and
3.892 ppm (Ad =0.012 and 0.010 ppm). The shift of the resonances
is consistent with inclusion of RCB20 in the hydrophobic cavity of
the cyclodextrin. Both H-3 and H-5 are situated in the inner part of
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Figure 3. Continuous variation plot of the RCB20/HPBCD system.
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Figure 4. (a) Identification of RCB20 and HPBCD protons; (b) '"H NMR spectrum of
the RCB20/HPBCD inclusion complex in MeOD/D,0 (70:30); (c) 'H NMR spectrum
of RCB20 in MeOD/D,0 (90:10); (d) '"H NMR spectrum of HPBCD in MeOD/D,0
(70:30).

Table 1
Chemical shifts of 9mM solutions of free HPBCD and RCB20/HPBCD inclusion
complex (MeOD/D,0 70:30).

Assignment &% (free compound) &% (complex) Ad (complex free)
H-1uppep 5.185 5.192 0.007

H-2yppep 3.775 3.774 0.001

H-3uppcp 4.013 4.025 0.012

H-4uppep 3.614 3.621 0.010

H-5uppcp 3.882 3.892 0.010
25, ppm.

the HPBCD, wherein H-3 is on the wide side and H-5 is on the narrow
side of the cavity.!® Thus, the data shown in Table 1 indicate that
RCB20 is being included into the cavity from the wide side. In the
case of the benzimidazole derivative RCB20, 'H NMR spectra were
acquired in 90:10 MeOD/D,0 to ensure complete dissolution of
the compound. Some of the resonances of RCB20 also shifted upon
complex formation, from & 7.955 (H-7rcp20) and 7.404 (H-5grcp20)
in the free compound to ¢ 8.001 and 7.475 ppm. Although the dis-
placement of the signals could be attributed to the inclusion of the
naphthyl moiety of RCB20 into the hydrophobic cavity of HPBCD,
it is important to note that the use of different solvent systems
(90:10vs 70:30 MeOD/D,0) must also influence the observed chem-
ical shifts.

The information on the spatial proximity of the molecules in the
inclusion complex was confirmed by two-dimensional rotating-
frame NOE spectroscopy (ROESY).2”28 For this purpose, 2D ROESY
spectra of the isolated 1:2 RCB20/HPBCD complex were acquired
in the same MeOD/D,0 (70:30) solvent mixture; although the stoi-
chiometry of the inclusion complex was determined to be 1:1,
ROESY spectra have been determined in the presence of excess
cyclodextrin.?® The contour plot revealed that two signals of
RCB20 (H-7 and H-5 at ¢ 8.001 and 7.475 ppm, respectively) have
intense intermolecular cross-peaks with H-3 cyclodextrin proton
(Fig. 5). In addition, the peaks at 6 7.745 and 7.639 ppm, corre-
sponding to H-6 and H-8 of RCB20 have weak intermolecular inter-
actions with H-3 of HPBCD.

According to the ROESY studies, the strongest interactions cor-
respond to H-3uppcp—H-7rcB20 and to a lesser extent with H-5gcg2o0;
the interactions H_SHP[}CD_H_SRCBZO and H_SHPIECD_H_7RCBZO are
very weak. Additionally, it can also be seen that H-3uppcp interacts
with H-4, H-6, H-8 and H-9 of RCB20 but not in a strong manner.
The latter reveals that RCB20 was not completely inserted into
HPBCD cavity. It is not surprising that the most probable insertion
mode of RCB20 involves the naphthyl moiety, since it represents
the most hydrophobic part of the molecule (Fig. 6). All these obser-
vations reinforce the inclusion mode proposed according to 'H
NMR (Table 1).

2.5. Molecular modeling

In order to extend the information obtained from NMR results
described above, molecular dynamics simulation studies were
carried out. Figure 7a shows a plot of the total energy (kcal/mol)
versus simulation time (ns); it is clear from this plot that during
the entire trajectory the total energy remained almost constant,
implying a reasonable stability for the RCB20/HPBCD complex.
Figure 7b-d show the plots for the distance in A of H-7 of RCB20
and different H-3 of HPBCD (i.e., H-7rcg20-H-3uppcp) versus simu-
lation time (ns). In general, Figure 7b—d show the distances for six
out of the seven H-3 hydrogen atoms of HPBCD—red and blue
colors indicate any out of two H-3 hydrogen atoms separated by
two glucopyranoside units. For instance, as can be seen in
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Figure 5. (a) ROESY spectrum partial contour of a solution of RCB20/HPBCD 1:2 complex (15 mM) in MeOD/D-,0 (70:30); (b) ROESY spectrum expansion showing the cross-

peaks between the aromatic signals of RCB20 and HPBCD protons.

Figure 6. Insertion mode of RCB20 into HPBCD cavity.

Figure 7¢, during the first 0.7 ns of simulation, H-7 of RCB20 is kept
in close proximity to H-3; (blue) and far from H-34 (red); during
the remainder of the simulation time (0.8 ns), H-7 is now close
to H-34 and far from H-3;. Similar conclusions can be obtained
from Figure 7b, analyzing the distances during the simulation time
between H-7-H-3, (red) and H-7-H-35 (blue) or from Figure 7d
between H-7-H-3, (red) and H-7-H-35 (blue).

From Figures 7b-d, it can be concluded that RCB20 seems to be
rotating along the trajectory inside the cavity of the host, since
throughout the first 0.7 ns, H-7 remains very close to one of the
H-3 hydrogen atoms of HPBCD (e.g., H-3;), with an average
distance (H-7rcg20-H-3uppcp) of 3.01 A. During the rest of the
trajectory, it shifts towards the opposite H-3 (e.g., H-34 two
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Figure 7. Molecular dynamics simulation. (a) Total energy versus simulation time; (b-d) distance between different H-3 hydrogen atoms into HPBCD cavity and H-7 of

RCB20 versus simulation time.

glucopyranoside units away) within HPBCD cavity, while main-
taining an average distance (H-7grcg20-H-3nppep) of 3.91 A (Fig. 7¢).

In order to get a representative structure of the complex, an
average structure was obtained during a simulation range of
0.1-0.6 ns, with almost constant (H-7grcp20—H-3uppcp) distance.
Figure 8 shows the average distance (H-7grcg20—H-3nppcp) between
H-7 and two of its nearest H-3 hydrogen atoms within the host
cavity, with distances of 2.543 and 2.940 A, respectively.

Figure 8. Representative averaged and optimized structure of RCB20/HPBCD
inclusion complex obtained during 0.5ns of dynamics simulation (range
0.1-0.6 ns).

Interestingly, the molecular dynamics simulation showed that
the RCB20/HPBCD inclusion complex can be stabilized by attrac-
tive short contacts between the hydrogen atoms of the HPBCD
hydroxyl groups at C-4 positions, and the fluorine atom of the tri-
fluoromethyl group, at C-2 of RCB20. The O-H- - -F-C distance of the
average structure was 2.416 A (Fig. 8). It is noteworthy that this
distance is shorter than the sum of the van der Waals radii
(H---F=2.67 A) with an angle O-H---F=169.8°, and it might be
considered a weak hydrogen bond.?°

2.6. Differential scanning calorimetry

DSC curves obtained from the isolated host and guest, along
with physical mixture and the inclusion complex are presented
in Figure 9. RCB20 (Fig. 9a) exhibited two endothermic peaks cor-
responding to melting point (107 °C), characteristic of a crystalline
material, and compound decomposition (184 °C). HPBCD (Fig. 9b)
showed two broad endotherms (60 °C and 218 °C), the first as-
signed to loss of water, and the second one to thermal decomposi-
tion.>! In the physical mixture (Fig. 9c) the melting peak of RCB20
was retained at 107 °C indicating the absence of any interactions
with the cyclodextrin; the peak reduction in intensity is due to mo-
lar components relationship (RCB20/HPBCD, 1:2). The inclusion
complex (Fig. 9d) shows a broad endothermic peak in the range
of 50-100°C due to loss of water molecules, which are likely
hydrogen-bonded to the cyclodextrin OH groups, outside the
hydrophobic cavity.3233 In addition, the disappearance of RCB20
melting endotherm is a strong indication of inclusion complex
formation.

2.7. X-ray diffraction analysis

Powder X-ray diffraction (XRD) scattering represents a useful
technique for the detection of cyclodextrin inclusion com-
plexes.2*35 Thus, further information on RCB20/HPSCD complex
formation was obtained by wide angle XRD scattering.>® The diffrac-
tograms of pure samples of HPBCD and RCB20 (Fig. 10), the physical
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Figure 9. DSC curves: (a) RCB20, (b) HPBCD, (c) RCB20/HPBCD physical mixture,
(d) RCB20/HPBCD inclusion complex.

mixture of the two components, and the inclusion complex clearly
reveal differences between the pure substances and the final inclu-
sion complex obtained. The diffraction pattern of RCB20 powder
(Fig. 10a) revealed several sharp high intensity peaks suggesting
that the compound is present in a crystalline phase, in contrast to
the amorphous character of HPBCD (Fig. 10b).27?333 The diffraction
pattern of the physical mixture (Fig. 10d) confirmed that it contains
the respective individual components, but with some changes in the
intensity of several peaks of this sample as compared to RCB20
diffractogram. The XRD pattern of the inclusion complex (Fig. 10c)
did not display the characteristic peaks of RCB20 and the observed
amorphous halo is indicative of the transformation of RCB20 from
crystalline to amorphous state. The above observations are indica-
tive of the inclusion of RCB20 into the cavity of amorphous HPSCD.

2.8. Scanning electron microscopy

SEM analysis was performed to investigate the morphology of
pure materials and the changes produced on it by the formation
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Figure 10. Powder X-ray diffractograms (Cu-ko): (a) RCB20, (b) HPBCD, (c) RCB20/
HPBCD inclusion complex, (d) RCB20/HPBCD physical mixture.

of the inclusion complex. Figure 11 illustrates the SEM micro-
graphs of pure materials, the physical mixture and inclusion com-
plex RCB20/HPBCD at 500 magnifications, which were used for
shape and surface morphology. RCB20 (Fig. 11a) appears in the
micrograph as needle-like crystals, in agreement with the sharp
peaks observed by powder XRD. In contrast, HPBCD (Fig. 11b) is
seen as amorphous pieces of quasi-spherical particles.3®3” In the
physical mixture comparable morphology with pure materials of
RCB20 and HPBCD can be observed (Fig. 11c). RCB20 characteristic
crystals and HPBCD particles are clearly visible in the micrograph,
indicating the absence of host-guest interactions. Finally, the
inclusion complex (Fig. 11d) appears in the form of irregular parti-
cles of variable sizes, in which the original morphologies of RCB20
and HPBCD have disappeared.

2.9. Biological assays

The biological activity of RCB20/HPBCD inclusion complex and
RCB20 was evaluated against the adult worm and muscle larva of
T. spiralis in a murine model of trichinellosis. ABZ and ABZ/HPCD
inclusion complex were also included. Animals infected but not
treated were included as negative control. All the compounds were
tested at equimolar doses of 11 mg/kg of ABZ. Number adult/mouse
and number of muscle larvae/mouse are presented in Table 2.
RCB20/HPBCD inclusion complex was the most active against
T. spiralis adult, reducing the parasite load by 41%, and proved to
be more active than RCB20 alone (32%). However, RCB20/HPBCD
inclusion complex reduced just 14% the systemic phase of T. spiralis.
The activity of ABZ and ABZ/HPBCD at the enteral level was
comparable to RCB20 alone, and RCB20/HPBCD, respectively.
Nevertheless, ABZ and ABZ/HPBCD showed slightly higher activity
against T. spiralis muscle larvae.

3. Conclusion

The molecular association type of RCB20 and HPBCD was deter-
mined. Phase-solubility profile indicated that HPBCD enhanced
water solubility of RCB20 through inclusion complex formation.
The NMR and molecular modeling studies reveal that in this com-
plex, RCB20 is held within the lipophilic cavity of HPBCD by its
naphthyl fragment. Results obtained by DSC, XRD and SEM support
the complex formation in solid phase. RCB20/HPBCD inclusion
complex showed better activity against T. spiralis adult worms than
RCB20 alone. The efficacy of the inclusion complex against the
muscle larvae stage was better than RCB20 alone but it did not sur-
pass ABZ efficacy. The complex formation of RCB20 with HPBCD
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Table 2
In vivo activity of RCB20, ABZ, and their inclusion complexes with HPBCD against the
adult worm and muscle larvae of T. spiralis

Compound Adults/mouse® Muscle larvae/mouse®
(mean £ SD) (mean £ SD)

Control 467 + 167 310,000 12,172

RCB20 323 £114¢ 291,450 + 5586°¢

RCB20/HPSCD 270 +73¢ 264,650 + 16829°

ABZ 353+171° 260,500 + 282844

ABZ/HPSCD 290 +90° 233,375 + 25632¢

2 Groups of six mice were infected with 500 T. spiralis ML and treated at day 3
post-infection (pi) with a single dose of the drugs. Animals were sacrificed at day 6
pi, and adults were obtained as previously described.?

> Groups of 10 mice were infected with 500 T. spiralis ML and treated with the
drugs at day 28 pi for seven consecutive days. Animals were sacrificed on day 7
after treatment, and ML were obtained as previously described.> Two independent
experiments were performed.

€ p+0.05.

4 p+0.05.

resulted in better antiparasitic efficacy at intestinal level, however
for systemic infection treatment, new drug delivery strategies need
to be developed.

4. Experimental
4.1. Materials
Synthetic starting material, ABZ and HPBCD (MW = 1380) with

an average degree of molar substitution of 0.6, were purchased
from Aldrich Chemical Co. Other reagents and chemicals were of

analytical reagent grade. All experiments were carried out using
ultrapure water (MILLI Q).

4.2. Preparation of the inclusion complex

The inclusion complex was obtained by dissolving RCB20 and
HPBCD at a 1:2 molar ratio in an ethanol-water solution (25:75
v/v). The resulting mixture was stirred at 25 °C for 7 days protected
from light to prevent degradation. After this period, the solution
was subjected to evaporation at 40 °C and under vacuum for the
resulting solid inclusion complex to be collected. A physical mix-
ture was also prepared to test for possible inclusion by thoroughly
mixing RCB20 and HPBCD in the same molar ratio (1:2) in a mortar
for 5 min. Although 1:1 stoichiometry was obtained from phase-
solubility measurements, for production, an excess of cyclodextrin
was employed to increase the yield of complexation. The efficiency
of complexation may sometimes be rather low, and therefore rela-
tive large amounts of cyclodextrin must be used to complex small
amounts of drug.383°

4.3. Phase-solubility diagram

The solubility studies were carried out according to the
method of Higuchi and Connors.??> A fivefold molar excess of
RCB20 —relative to the highest concentrated HPBCD solution—
was added to HPBCD solutions of increasing concentrations
(0.0002, 0.0004, 0.0006, 0.0008, and 0.001 M). The mixtures were
stirred for 48 h at room temperature protected from light. After
this period the amount of RCB20 in solution was determined after
filtration through a 0.2 pm Millipore filter using a UV spectropho-
tometer at 290 nm. This experiment was repeated three times.
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4.4. Stoichiometry determination by the continuous variation
method (Job’s plot)

The stoichiometry of inclusion was determined by the continu-
ous variation technique (Job’s method).*° The plot was determined
from UV-spectrophotometric measurements in water at 25 °C at
290 nm. The total molar concentration of the two species, RCB20
and HPBCD, was kept constant (0.2 mM), and their mole fractions
varied from 0.1 to 0.9.

4.5. Solid phase characterization of inclusion complex

Thermal analyses (differential scanning calorimetry-DSC) of the
pure materials (RCB20, HPBCD), the physical mixture and the
inclusion complex were recorded on a Mettler Toledo DSC 821¢
with 5 °C/min heating rate and under 100 mL/min N, flow. Powder
X-ray diffraction (XRD) was measured in a Siemens Dn 5000 dif-
fractometer using Cu-kot (1=1.5406 A) with 30 mA, 35kV and
scanning rate of 1°C/min. The scanning electron microscopy
(SEM) was performed to the raw materials and to the inclusion
complex using the Jeol JSM 5900 LV apparatus, after samples had
been gold sputtered. The parameters used were SEI mode, samples
height less than 5 mm; voltage of 20 kV; work distance 11 mm and
spot size of 22. Specific adjustments of focus, brightness and con-
trast were performed.

4.6. 'H NMR spectroscopy

TH NMR spectra were acquired on a JEOL Eclipse 300 spectrom-
eter at 300 MHz; the samples were referenced relative to the resid-
ual peak of MeOD at § ppm.

4.7. Molecular modeling

Due to the difficulty associated with the structural description
of chemically-modified cyclodextrins, there is a degree of uncer-
tainty in the substitution pattern of HPBCD. Since our experimental
work involved HPBCD with a degree of substitution of 0.6, four
2-hydroxypropyl groups were added at O-6 positions; this approach
has been successfully applied in previous studies.*!*? Structures of
HPBCD and RCB20 were built using the sketch molecule module of
the syyL 7.3 package (Tripos Co., USA). The host and guest structures
were individually optimized by MMFF94 force field using the
conjugate gradient method, and a convergence criterion of
0.005 kcal/mol. The autopock 4.0 software was used to obtain a
RCB20/HPBCD complex with a suitable geometry as starting point
to carry out a molecular dynamics simulation.** The Lamarckian
genetic algorithm was employed to generate a total population of
100 complexes. An initial population of 100 individuals with a max-
imal number of energy evaluations of 2,500,000 and a maximal
number of generations of 50,000 were the parameters used for the
global search. The results were clustered into groups with root mean
square deviations (RMSDs) <1.0 A. A grid box of 70 x 70 x 70 points
was used to calculate the energy maps. The points were separated
from each other by 0.375 A. The selected complex to carry out
molecular dynamics simulation was that with the highest score,
and with the naphthyl ring inserted into the HPBCD cavity from
wider side of the rim, in agreement with the results obtained by
NMR spectroscopy.

The molecular dynamics simulation was carried out during
1.5 ns to verify the stability of the complex. Periodic boundary con-
ditions were used during the simulation. An isothermal-isobaric
(NPT) ensemble and a time step of 1.0 fs were employed, maintain-
ing the temperature at 300K, and a pressure of 1.0atm. A
nonbonded cutoff (8.0) and dielectric constant of 32.6 were used
as an approach to the methanol/water mixture used in the NMR

studies. The system was initially equilibrated for 100 ps. Interme-
diate structures were saved every 50 fs for analysis. A representa-
tive structure of the RCB20/HPBCD complex was obtained
averaging the trajectory within a range of 0.1-0.6 ns.

4.9. Antitrichinellosis activity

Groups of 10 BALB/c mice were experimentally infected by
intragastric route with 500 T. spiralis muscle larvae suspended in
0.1 mL of 0.2% bactoagar. RCB20 and RCB20/HPBCD were freshly
prepared in cremophor/ethanol/water (80:10:10). For comparison,
groups of T. spiralis infected mice treated with ABZ and ABZ/HPBCD
were also included. Compounds were administered orally at equi-
molar doses of 11 mg/kg of ABZ. In order to evaluate their activity
against the adult worm of T. spiralis, they were orally administered
at day 3 post-infection (pi) and parasites were obtained from the
intestine of treated animals at day 6 pi and counted according to
the method previously described.®> Two independent experiments
were performed. The statistical significance of data obtained was
determined by One way ANOVA test and Dunnett ¢ test.

The activity of RCB20 and ABZ and their respective inclusion
complex with HPBCD was also evaluated against T. spiralis muscle
larvae. For this, groups of 10 BALB/c mice were experimentally in-
fected as previously indicated and treated with the compounds and
their inclusion complexes at day 28 pi for seven consecutive days
with an equimolar dose of 11 mg/kg of ABZ. Muscle larvae were
obtained by artificial counted seven days after the last administra-
tion.> The mean of adult worms and standard deviation obtained in
each group was included in Table 2. The statistical significance of
data obtained was determined by One way ANOVA test and
Dunnett t test.

Animal experiments were performed according to Norma
Oficial Mexicana (NOM-062-Z00-1999) published on August 22,
2009.
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