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Abstract. The oral route has notable advantages to administering dosage forms. One of
the most important questions to solve is the poor solubility of most drugs which produces low
bioavailability and delivery problems, a major challenge for the pharmaceutical industry.
Albendazole is a benzimidazole carbamate extensively used in oral chemotherapy against
intestinal parasites, due to its extended spectrum activity and low cost. Nevertheless, the main
disadvantage is the poor bioavailability due to its very low solubility in water. The main
objective of this study was to prepare microcrystal formulations by the bottom-up technology
to increase albendazole dissolution rate, in order to enhance its antiparasitic activity. Thus, 20
novel microstructures based on chitosan, cellulose derivatives, and poloxamer as a surfactant
were produced and characterized by their physicochemical properties and in vitro biological
activity. To determine the significance of type and concentration of polymer, and presence or
absence of surfactant in the crystals, the variables area under the curve, albendazole
microcrystal solubility, and drug released (%) at 30 min were analyzed with a three-way
ANOVA. This analysis indicated that the microcrystals made with hydroxyethylcellulose or
chitosan appear to be the best options to optimize oral absorption of the active
pharmaceutical ingredient. The in vitro evaluation of anthelmintic activity on adult forms
of Trichinella spiralis identified system S10A as the most effective, of choice for testing
therapeutic efficacy in vivo.

KEY WORDS: albendazole; bottom-up microcrystal; chitosan; in vitro antiparasitic assay.

INTRODUCTION

Oral administration of dosage forms offers significant
advantages over other routes. It is a straightforward and

comfortable route, providing many different options to
control drug release and patient compliance during a
chemotherapeutic treatment. However, in oral dosage forms,
it is a well-known fact that drug solubility and dissolution rate
have a critical role in its absorption (1). Therefore, the most
important issue to be solved, and a major challenge for the
pharmaceutical industry, is the poor water solubility of drugs,
which results in low bioavailability and delivery problems
(2,3).

Several strategies have been used to improve the
solubility and the dissolution rate of active pharmaceutical
ingredients (APIs). Developing novel nano- and
microplatforms have been one of the most useful alternatives
(4–7). During the ‘90 Müller et al., working on the develop-
ment of nano- and microsuspensions and nano- and micro-
crystals drew attention to the influence of particle size on the
rate of dissolution and absorption of a drug. That appeared to
be mainly true for compounds of class II and IV (8–10).
There are numerous strategies for making nano- and
microsized drug particles, and those are broadly classified
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into four categories as bottom-up, top-down, combination
approaches, and chemical synthesis (11–13). The applicability
of these techniques differs among molecules and depends on
the physicochemical characteristics of each molecule (14).
The bottom-up approach relies on controlled precipitation/
crystallization. The process involves dissolving the drug in a
solvent and precipitating it in a controlled manner by the
addition of an antisolvent (15,16). The procedure requires the
use of polymers and surfactants to stabilize and decrease the
particle size in addition to modifying the solid structure of the
API (16–18). The chosen natural biopolymers are chitosan
(CH) and cellulose derivatives.

CH is a natural, biodegradable polymer with a consider-
able potential for pharmaceutical applications as an excipient,
due to i t s b i o compa t i b i l i t y, non tox i c i t y, and
mucoadhesiveness. This material is especially interesting for
the pharmaceutical industry not only because it is made from
a productive renewable resource but because it is effective in
many biological applications and has antimicrobial activity,
low immunogenicity, and ecological safety (19–22).

There are many semisynthetic derivatives of cellulose
currently used in the pharmaceutical and cosmetic industries.
These polymers are broadly employed in the formulation of
dosage forms and healthcare products (19,20,23–29).

Albendazole (ABZ) is the most extensively selected API
for oral treatment of trichinellosis, a parasitic disease caused
by the helminth Trichinella spp. ABZ is a broad spectrum
anthelmintic showing larvicide, ovicide, and vermicide activity
(30). Its efficacy in the treatment of trichinellosis is strictly
related to the time of administration; in fact, it is more
effective in the early stages of infection, when the worms are
still present in the intestinal mucosa or newborn larvae are
migrating from intestinal vessels to muscles. ABZ, as other

benzimidazoles , i s c lass ified as class II by the
Biopharmaceutics Classification System, since it has an
extremely poor aqueous solubility which limits oral absorp-
tion (31).

The aim of this work was to produce ABZ microcrystal
formulations by the bottom-up technology and its full
physicochemical characterization and the in vitro evaluation
of the anthelmintic activity.

MATERIALS AND METHODS

Materials

ABZ, hydroxypropyl methylcellulose (HPMC), viscosity
4680 cPs (2%, 20°C), hydroxyethyl cellulose (HEC), viscosity
100 cPs (1%, 20°C), methylcellulose (MC), viscosity 4000 cPs
(1%, 20°C), carboxymethylcellulose (CMC), sodium viscosity
4000 cPs (1%, 20°C), and chitosan (CH) (MW 310–375 kDa
>75% deacetylated) were obtained from Sigma-Aldrich
Chemie GmbH (Steinheim, Germany). Poloxamer 338
(P338), Pluronic® F 108NF, was purchased from BASF (NJ,
USA), RPMI 1640 from Sigma-Aldrich Chemie GmbH
(Steinheim, Germany), and fetal bovine serum and gentami-
cin from Klonal (Argentina). All other chemicals were of
analytical grade.

Microcrystal Formulations

ABZ (400 mg) was dissolved in glacial acetic acid (4 mL)
and ethanol (6 mL). The resulting solution was dropped over
100 mL of the polymeric solution prepared as follows: CH was
dissolved in 1% v/v acetic acid solution and cellulose derivatives
and the surfactant P338 were dissolved in water (Table I). The

Table I. Microcrystal Formulation, Composition, Solubility, AUC, Q30, and Yield

System Polymer Polymer concentration (% w/v) Surfactant P338 Yield (%) AUC Q30 (%) Solubility (mg/mL)

ABZ – – – – 1802 2.87 0.27
S1A HPMC 0.5 No 23.71 16,780 28.52 1.18
S1B HPMC 0.5 Yes 46.12 11,880 19.47 1.38
S2A HPMC 0.1 No 26.82 25,330 66.82 1.07
S2B HPMC 0.1 Yes 84.76 22,950 64.77 0.98
S3A HEC 0.5 No 39.14 29,160 92.79 1.03
S3B HEC 0.5 Yes 50.29 26,820 75.86 0.95
S4A HEC 0.1 No 81.08 30,110 96.84 0.79
S4B HEC 0.1 Yes 83.19 29,200 80.29 0.70
S5A CMC 0.5 No 33.22 6694 9.66 0.68
S5B CMC 0.5 Yes 57.83 19,230 28.82 0.71
S6A CMC 0.1 No 23.99 6915 12.91 0.67
S6B CMC 0.1 Yes 86.04 23,580 58.71 0.86
S7A MC 0.5 No 46.67 4059 4.94 0.66
S7B MC 0.5 Yes 47.79 16,680 25.41 0.82
S8A MC 0.1 No 27.04 6160 7.58 0.57
S8B MC 0.1 Yes 97.12 7831 10.55 0.80
S9A CH 0.5 No 89.72 26,360 98.60 0.34
S9B CH 0.5 Yes 50.98 25,060 53.34 0.56
S10A CH 0.1 No 59.79 21,280 48.54 0.38
S10B CH 0.1 Yes 47.39 25,860 85.65 0.73

AUC area under the curve, ABZ albendazole, HPMC hydroxypropyl methylcellulose, CMC carboxymethylcellulose, MC methylcellulose, CH
chitosan, HEC hydroxyethyl cellulose
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ABZ solution and the polymeric/surfactant solution were
combined under magnetic stirring at 1000 rpm. After 10 min,
the suspension was dried using a spray-drying procedure, in a
Mini Spray Dryer Büchi B-290 (Flawil, Switzerland) under the
following conditions: inlet temperature 130°C, outlet tempera-
ture 70°C, air flow 38m3/h, feed rate 5 mL/min, and aspirator set
100%.

Solubility Studies

ABZ solubility of the microstructured systems was
analyzed in an orbital shaker (Boeco, Germany), at room
temperature (25°C). For each formulation, an excess amount
of microcrystal powder was placed in a vial containing 0.1 N
HCl and was stirred at 150 rpm for 72 h. The resulting
suspension was filtered, and ABZ concentration was deter-
mined by UV spectroscopy at 291 nm with an S-26 UV-Vis
spectrophotometer Boeco (Hamburg, Germany).

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) was performed
on a Shimadzu TA-60 (Kyoto, Japan) calorimeter, using 5 mg
samples in crimped aluminum pans. The instrument was
calibrated with indium and zinc as standards. Nitrogen was
used as a purge gas and an empty aluminum pan as a
reference. Each sample was scanned at a rate of 5°C/min
from 25 to 350°C, under N2 atmosphere (flow rate 30 mL/
min).

X-Ray Diffraction

Data collection was carried out in transmission mode on
an automated X’Pert Phillips MPD difractometer (Eindho-
ven, The Netherlands).

X-ray diffraction (XRD) patterns were recorded using
CuKα radiation (λ = 1.540562 Å), a voltage of 40 kV, 20 mA
current, and steps of 0.02° on the interval 2θ = 10°–40°. Low
peak broadening and background were ensured by using
parallel beam geometry with the help of x-ray lens and a
graphite monochromator placed before the detector window.

Data acquisition and evaluation were performed with the
Stoe Visual-Xpow package, version 2.75 (Germany).

Dissolution Studies

Dissolution assays were conducted in a USP Standard
Dissolution Apparatus Hanson Research SR8 Plus
(Chatsworth, USA), equipped with a rotational paddle
(50 rpm), following the US Pharmacopeia conditions for
ABZ tablets: dissolution medium (900 mL of 0.1 N HCl) at
37°C. Microcrystal formulations containing ABZ (100 mg)
were introduced into the flasks. Three samples were taken at
10, 20, 30, 45, 60, 90, 120, 180, 240, and 300 min (32).

They were sampled in triplicate at 10, 20, 30, 45, 60, 90,
120, 180, 240, and 300 min (32), using a filter, to determine
the amount of ABZ released. An equal volume of the
dissolution medium was added after each sample extraction
to maintain a constant volume. The polymers did not
interfere with the assay at the working wavelength (291
nm). Dissolution efficiency (DE) of the microcrystal dosage

forms (33) is defined as the area under a dissolution curve
between specified time points, was calculated using the
following equation:

Dissolutionefficiency% DEð Þ ¼

Z t

0
y : dt

y100: t
� 100 ð1Þ

where y is the percentage of dissolved product at time t.

Microcrystals Yield

The yield (Y) was calculated as the ratio between the
experimental weight of the product and the sum of the
weights of all the components:

Y %ð Þ ¼ 100� Wproduct= WABZ þWPolymer þWsurfactant
� �� � ð2Þ

where Wproduct is the weight of the obtained microcrystals,
and WABZ, Wpolymer, and Wsurfactant are the weights of ABZ,
polymers, and the surfactant, respectively.

Determination of ABZ Content in the Microcrystal
Formulations

The entrapment efficiency (EE) is defined as the
percentage of the final drug content, relative to the initial
amount of loaded drug. For the EE determination, micro-
crystals were dissolved in 0.1 N HCl for 24 h. The amount of
loaded drug was measured spectrophotometrically at 291 nm
with a Boeco S-26 spectrophotometer (Hamburg, Germany),
according to the following:

EE %ð Þ ¼ 100� WABZ=W tABZð Þ ð3Þ

where WABZ is the actual ABZ content, and WtABZ is
theoretical ABZ content in the microcrystals.

Morphology Analysis and Size Determination by Scanning
Electron Microscopy

Particle size and morphology were determined through
images by scanning electron microscopy (SEM) using a Leitz
AMR 1600 T (Amray, Bedford, MA, USA), with an
acceleration potential of 20 kV. Samples were previously
sputter-coated with a gold layer to make them conductive.

Moreover, to determine an indirect estimation of the
microcrystals’ particle size, SEM images were analyzed using the
Image-pro Plus (IPP) software v. 6.0. This procedure involves the
determination of the Feret’s diameter of a particle which is a
commonly used measure in shape analysis. Feret’s diameter is the
distance between the two furthest points of the shapemeasured in a
given direction. About 200 microcrystal Feret’s diameters were
considered in each particle size distribution calculation (34,35).
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In Vitro Anthelmintic Activity of ABZ-Microcrystals

Preparation of Trichinella spiralis Female Worms

CBi mice given an oral dose of 10 L1 T. spiralis larvae per
gram body weight were sacrificed in the intestinal phase of the
infection, on day 6 post-infection, as already described (36).
Briefly, animals were euthanized, and the small intestine was
removed, cut into several pieces of roughly equal length and
placed on Petri dishes with 8–12 mL of 0.85%w/v NaCl plus
250 μg/mL gentamicin (incubation medium). Each piece was
then opened lengthwise using a small iris scissors, grasped with
forceps, agitated gently in the medium, and incubated for 4 h at
37°C in 5% CO2. After incubation, the pieces of intestine were
rinsed with the medium onto the Petri dish and discarded. All
the content of the Petri dishes was transferred to centrifuge
tubes and centrifuged at low speed. The parasite pellet was
re-suspended in approximately 2–3 mL RPMI 1640 medium
supplemented with gentamicin and fetal bovine serum
(250 μg/mL and 10% v/v, respectively) and placed in a sterile
plate, to identify and separate the female worms for the assay.
Animals were treated in accordance with the institutional
regulations which comply with the guidelines issued by the
Institute for Laboratory Animal Resources, National Research
Council, USA (36). All experiments involving animals were
performedwith prior approval from the Bioethics Committee of
the Facultad de Ciencias Médicas, Universidad Nacional de
Rosario. Argentina, permit number C.S. 1115/2014.

Preparation of the Antiparasitic Solutions

ABZ and ABZmicrostructured systems stock solutions were
prepared in dimethyl sulfoxide (DMSO) at a concentration of
10 mg/mL. Each working solution was made with RPMI 1640
medium containing gentamicin (250 μg/mL) and DMSO (up to a
maximum of 2%) to obtain a concentration of 500 μg/mL of ABZ.
They were stirred at room temperature for 24 h and then filtered
through sterile cellulose acetate filters 0.2 μm pore (Minisart®,
Sartorius Stedim Biotech, USA).

In Vitro Assay

The whole procedure was done under sterile conditions.
T. spiralis female worms obtained as described above were
incubated overnight in RPMI 1640 supplemented with gentamicin
(250 μg/mL) and fetal bovine serum (10% v/v) at 37°C, in a 5%
CO2 atmosphere, before being used. For the assay, females were
placed in 24-well cell culture plates (10 to 12 per well) which
contained the antiparasitic ABZ-microcrystal solutions to be tested
supplemented with 10% fetal bovine serum. The ABZ solution
was used as a positive control and the culture medium with the
solvent employed as a negative control. Thewormswere incubated
in a humid 5% CO2 atmosphere at 37°C during 48 h and were
observedwith an invertedmicroscope at 2, 4, 7, 24, 29, and 48 h.At
each time, female viability was estimated analyzing their motility
andmorphology andwere counted as Blive^ or Bdead^; the amount
and motility of newborn larvae were also examined. The effect of
the various antiparasitic solutions on median worm survival was
calculated by means of a survival curve.

Experiments were carried out in duplicate, and data
were corrected with the negative control.

Statistical Analysis

A three-way ANOVA analysis (SigmaPlot 12.0 software)
was done to determine how solubility of ABZ in microcrystal
systems was affected by the different factors. The factors
considered were type of polymer (HPMC, HEC, CMC, MC, or
CH), polymer concentration in aqueous solution (0.1 and 0.5%w/
v), and presence or absence of surfactant (P338). The variables
analyzed were area under the curve (AUC), ABZ microcrystal
solubility, and percentage of drug released at 30 min of the
dissolution assay (Q30). AUCs were estimated in each of the
dissolution plots using GraphPad Prism software (GraphPad
Prism®; GraphPad Software Inc., San Diego, CA, USA).

Survival curveswere calculatedwith the product limitmethod
of Kaplan and Meier, using GraphPad Prism software. Compar-
ison of the survival curves was done with the log-rank test.

A P value < 0.05 was considered significant.

RESULTS

Crystal Characterization

To determine the significance of type and concentration
of polymer, and presence or absence of surfactant in the
crystals, the responses AUC, ABZ microcrystal solubility, and
Q30 values were analyzed with a three-way ANOVA. The
interaction was not significant, and the effect of each factor on
AUC, ABZ solubility, and Q30 was studied separately.

AUC was significantly different for each type of polymer
(P = 0.005). Depending on the polymer used, AUC decreased in
the following order: HEC>CH>HPMC>CMC>MC (Table I).

Neither polymer concentration nor presence or absence
of the surfactant P338 had a significant influence over AUC
(P = 0.331, P = 0.072, respectively) (Table I).

Figure 1a shows the influence of HPMC on the behavior of
the microcrystal drug release. The addition of the surfactant
modified the release rate, which is also noticeably determined by
the polymer concentration: the lower the concentration, the faster
the release rate. CMC and MC did not improve drug release rate
(Fig. 1c, d). Figure 1 also shows clearly that the best results were
obtained employing HEC (B) and CH (E) as stabilizing biopoly-
mers, since more than 70% of the drug was released after 60 min.

Moreover, systems S4A y S10A achieved 99% EE. These
results clearly show that the manufacturing process of the
microcrystal formulations did not affect the drug concentration in
the final product. It is worthmentioning that the apparent solubility
assay data did not correspond with the obtained results by the
dissolution studies, since solubility is not a valid physicochemical
parameter to demonstrate the suitability of these microcrystal
formulations to design oral dosage forms.

Furthermore, after carefully analyzing Fig. 2, higher yield
values were obtained for microcrystals prepared with lower
polymer concentration and the presence of the P338. Otherwise,
CH and HECmicrocrystals presented higher yield values at lower
concentration of the polymers without surfactant.

SEM, Particle Size, DRX, and DSC Studies

SEM micrographs confirmed the crystalline structures,
showing sharp and irregular shapes. Particle size was calcu-
lated employing the IPP software v. 6.0 (Fig. 3).
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HPMC,CMC, andMC systems prepared employing higher
polymer concentration exhibited bigger sizes than the obtained
employing lower concentration. The presence of P338 produced
also bigger particle size for HEC and CH systems.

The mean diameters of the S4A and S10A formulations
were less than 4 μm (Fig. 4).

DSC thermograms of ABZ, S4A, and S10A are shown in
Fig. 5a. The characteristic sharp melting peak of ABZ is

observed at 196.84°C. The intensity of the drug endothermic
peak was also exhibited in the systems.

Figure 5b shows the XRD spectra of ABZ, and the
systems S4A and S10A. ABZ presented intense and charac-
teristic peaks at 2θ 11.51; 17.85; 22.09 y 24.54. The same peaks
were observed in the microcrystal systems, confirming no
changes in the drug solid structure after the manufacturing
procedure.

Fig. 2. Yield values (%) of microcrystal systems

Fig. 1. Dissolution profiles of microcrystal systems and ABZ pure drug (0.1 N HCl medium, 37°C).
a HPMC systems. b HEC systems. c CMC systems. d MC systems. e CH systems. (n = 3 ± SD)
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In Vitro Assay

The effect of the different microcrystal formulations on
the in vitro ability of ABZ to kill adult T. spiralis worms was
assessed by the survival curves of the parasite cultured for
48 h in medium RPMI 1640 containing the ABZ formulations
(Fig. 6; Table II). Most formulations significantly improved
ABZ parasiticidal activity (P < 0.01). Only S1A, S2B, S3B,
S5A, and S6B showed a behavior similar to the pure drug
with median survivals over 24 h and a high proportion of live
worms at the end of the experiment.

Polymer concentration did not change, in general, the
anthelmintic activity of the formulation. In a few cases (four
of the 20 systems studied), the effect was significant but

random; different responses were observed depending on the
polymer used. Systems based on HPMC, HEC, or CH were
significantly more active at lower concentrations while the
system containing HPMC and P338 improved its activity
when the polymer concentration was increased.

Similar results were observed when the surfactant was added
to the formulation. The microcrystal formulation with HPMC was
the only one showing more activity with the addition of P338.

Figure 7 displays the survival curves of female worms cultured
in contact with ABZ or ABZ microcrystal solutions. These
microcrystal solutions were selected from each polymer group
because they exhibited the best parasiticidal activity of the group.
All themicrocrystal solutions had a significantly better activity than
the ABZ solution (P< 0.01), and S10A was considerably more
efficient than the others (P<0.01).

The effect of the formulations on the newborn larvae released
byT. spiralis females exposed to the antiparasitic solutions was also
examined. The mobility of the newborn larvae was affected to
varying degrees by the formulations, showing complete loss of
movement after 2 h and up to the end of the experiment, in culture
media containing S4A, S5B, and S10A. The media containing the
other systems had both mobile and immobile larvae in the studied
period.

DISCUSSION

Twenty novel microstructures have been prepared and
their physicochemical properties and in vitro biological
activity were characterized.

It is well-known that the smaller the particle size, the
larger the surface area and the faster the dissolution rate of

Fig. 3. SEM images. a ABZ (×500). b S10A (×2000). c S4A (×2000)

Fig. 4. Size of the microcrystals (bars represent standard deviation)
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drug particles. This point could be explained according to the
modified Noyes-Whitney equation:

dC=dt ¼ AD Cs−Cð Þ=h ð4Þ

where Cs the solubility of the drug, A the effective surface
area, h the thickness of the diffusion layer, and D the
diffusion coefficient. The drug dissolution rate has a direct

proportion to its effective surface area (A) and diffusion
coefficient (D), and it could be increased mainly in two ways:
decreasing the particle size of the drug and optimizing the
wetting characteristics of drug surface (37). All microcrystal
improved solubility and increased dissolution rate compared
to the pure drug, according to the modified Noyes-Whitney
equation. Consequently, smaller particle size provides a larger
contact surface with the dissolution medium, accelerating the
process of solubilization of the active ingredient being an

Fig. 5. a DSC curves: ABZ, S4A, and S10A. b XRD patterns: ABZ, S4A, and S10A

Fig. 6. Survival curves of T. spiralis female worms cultured with antiparasitic solutions containing ABZ
microcrystal formulations based on various polymers, with and without added surfactant. HPMC
hydroxypropylmethylcellulose, HEC hydroxyethylcellulose, CMC carboxymethylcellulose, MC methylcel-
lulose, CH chitosan. Surfactant: poloxamer 338. Survival curves were created with the product limit method
of Kaplan and Meier
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effective approach to enhance the dissolution rate and the
bioavailability of poorly soluble drugs (8–10).

The size of HPMC, CMC, and MC systems was governed by
the polymer concentration. Otherwise, HEC and CH-ABZ
microcrystals presented similar particle sizes associatedwith neither
the polymer nor the procedure. By the way, it is significant to
mention that analyzing Table I and Fig. 4 for each group of
polymers, the Q30 values were related with the particle size, being
higher values for smaller sizes.

The bottom-up methodology used in these experiments
resulted in HPMC systems generating larger ABZ microcrystals
than the rest of the formulations. As expected, this finding is

consistent with the results of the dissolution assay as microcrystals
formulated with CH showed a better dissolution profile than those
containingHPMC.However,ABZ solubilitywas highest inHPMC
microcrystals and lowest in CH microcrystals, an unexpected
outcome opposite to that observed in Q30 and AUC. The
differential responses of the variables analyzed could be due to
the characteristics of each polymer, affecting the behavior in the
same dissolution medium.

The diffraction patterns of ABZ in the microcrystals were
similar to those of the pure drug, indicating that the crystallinity of
ABZ did not essentially change. The smaller intensity of some of
the peaks ofABZcould be due to the dilution effect in the presence
of CH and HEC. Similar results were obtained after analyzing the
DSC studies, suggesting that the drug solid structure was not ruled
by the presence of the polymers and the surfactant or the
manufacturing procedure. The permanence of the crystalline state
ofABZmicrocrystals could be ascribed to the formulations stability.

The EE obtained results also demonstrated the capability of
the bottom-up procedure to achieve microcrystal formulations,
avoiding the drugwasting during the production process and, at the
same time, recovering almost all of the initial amount of the original
drug.

Also yield values for the 20 novel systems indicated that
lower polymer concentration optimized the procedure to
obtain better batches of microcrystals and the presence of
P338 improved yield values. It is worth of mention that
apparently the presence of the surfactant enhanced the yield
by decreasing the adherence to the spray dryer.

The suitability of five polymers, cellulose derivatives HPMC,
HEC, MC, and CMC, and CH was evaluated in an in vitro assay.
The survival curves in the in vitro studies showed that exposure to

Table II. Effect of the ABZ Microcrystal Formulations on Survival Parameters of T. spiralis Females, After 48 h Incubation

Antiparasitic solution Variables

Median survival (h) Survival proportion after 48 h (%)

ABZ Undefined 72.7
S1Aa Undefined 60.0
S1Bb 29 13.3
S2Ab 26.5 0
S2Ba Undefined 75.0
S3Aa 24 0
S3Bb 38.5 35.7
S4Aa, b 26.5 6.3
S4Ba 24 5.9
S5Aa 24 36.4
S5Ba 24 8.3
S6Aa 29 23.1
S6Ba 29 38.9
S7Aa 7 26.7
S7Ba 48 25.0
S8Aa 15.5 25.0
S8Ba 29 33.3
S9Aa 38.5 25.0
S9Ba 29 0
S10Ab 2 0
S10Ba 7 10.0

Differences among formulations were analyzed with the log-rank test. Groups not sharing the same superscript in a row differ significantly
(P < 0.01), within formulations using the same polymer
ABZ albendazole

Fig. 7. Survival curves of T. spiralis female worms cultured with
antiparasitic solutions. Comparison of the in vitro anthelmintic effect
of the ABZ pure drug solution and the best ABZ microcrystal
solutions, on the parasite. Differences between curves were analyzed
with the log-rank test (Mantle-Cox test)
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the formulations affected the viability of the adult forms of the
parasite in a time and polymer-dependent manner; addition of the
surfactant, P338 had little or no impact on improving ABZ
effectiveness. In general, low killing efficiencies were associated
with high median survival times, as observed in MC-based
microcrystals that showed a modest effect on survival of the
parasite. On the other hand, at the end of the observation period,
elimination of the parasite was complete or nearly complete for
HPMC-based S1A and S2A microcrystals, HEC formulations
S3A, S4A, and S4B, S5B CMCmicrocrystals, and CH S9B, S10A,
and S10B.

Though, it is currently accepted that small particle sizes have a
direct impact on the dissolution rate and bioavailability of poorly
soluble drugs. The excellent performance of S10Amicrocrystals in
the in vitro assay could contribute to the improvement ofABZoral
formulations.

One of the benefits of an improved performance of a
formulation is the possibility of using lower in vivo doses of the
active ingredient that would be less toxic for the host and would
allow longer treatments (38).

The results of the present study indicate that the effective
concentration of the ABZ is important to increase parasite
mortality and could provide the basis to establish an effective,
low-dose therapy for the treatment of trichinellosis. In vivo studies
are also required to relate the in vitro data to the concentrations of
the drug clinically effective.

CONCLUSIONS

In summary, all ABZ microcrystal systems improved the
solubility and increased the dissolution rate compared to the pure
drug. HPMC systems generated large microcrystals while CH-
based microcrystals were the smallest. The three-factor analysis
indicated that the microcrystals made with HEC or CH appear to
be the best options to optimize oral absorption of the API. The
in vitro evaluation of anthelmintic activity on adult forms of
T. spiralis identified system S10A as the most effective system for
testing therapeutic efficacy in vivo.
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