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Abstract

Objectives Here, we aimed to assess the pharmacokinetic performance and ther-

apeutic response (anthelmintic efficacy) of an albendazole (ABZ) nano-sized for-

mulation in dogs.

Methods In the pharmacokinetic study, ABZ self-dispersible nanocrystals

(SDNCS) and a control formulation were administered orally to healthy dogs

(n = 6). The concentrations of the sulphoxide metabolite in plasma were deter-

mined by high-performance liquid chromatography. For the anthelmintic effi-

cacy trial, SDNCS and a commercially available formulation of ABZ were given

to naturally parasitised dogs. The number of Ancylostoma caninum eggs in the

faeces was determined using the McMaster technique.

Key findings The area under the curve, Tmax and Cmax for the SDNCS were

improved compared to the control. The efficacy study showed no statistical dif-

ferences between the SDNCS and the commercial formulation at the doses of 25

and 12.5 mg/kg. However, significant differences (P < 0.05) between the treat-

ments were found at 6.25 mg/kg (a quarter of the reference dose) with a reduc-

tion in the faecal nematode egg counts of 62.0 � 21.1% and 100 � 0% for the

control and SDNCS, respectively.

Conclusions The improved pharmacokinetic performance observed for the

novel formulation of ABZ correlated with an improved in vivo therapeutic

response against a model intestinal nematode parasite in dogs.

Introduction

The treatment and control of internal parasitic diseases in

pets are relevant in terms of clinical practice as animals’

growth and development might be severely affected. The

canine hookworm, Ancylostoma caninum, is a pathogenic

species of nematodes found in adult dogs and is able to

cause significant anaemia, metabolic disturbance and

hyponatremia in a severe infestation.[1] In addition, A. can-

inum is able to produce zoonosis presenting a risk to health

in humans.[2] The high prevalence and potential public

health impact of ancylostomiasis, as well as the develop-

ment of resistance of A. caninum to the most used

antiparasitic agents,[3] mean that new strategies are needed

to enhance efficiency in its treatment.

ABZ, methyl [5-(propylthio)-1-H-benzimidazol-2yl]

carbamate, a benzimidazole with a broad-spectrum

antiparasitic effect, acts by preventing the polymerisation

of microtubules in eukaryotic cells.[4] The high efficacy

shown by ABZ is compromised due to its low aqueous

solubility, which leads to erratic bioavailability and thera-

peutic failures.[5] ABZ is a class II drug in the Biophar-

maceutics Classification System,[6] which means it

exhibits low solubility and high permeability. For class II

drugs, an improvement in the solubility might result in

increased drug absorption.
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To address this, multiple approaches have been aimed at

improving ABZ water solubility and dissolution rates, such

as the formulation chitosan microspheres,[7] oil/water

emulsions,[8] microcrystals,[9] solid dispersions,[10] incor-

poration into liposomes,[11] complexation with cyclodex-

trins[12] and co-grinding.[13] Moreover, multiple authors

have demonstrated that enhanced bioavailability of the par-

ent drug/active metabolite is correlated with an improved

antiparasitic effect.[5,7,11,12,14–16]

Nevertheless, most of the strategies described above have

shown limited capacity in the improvement of ABZ

bioavailability/efficacy, and the development of free-

organic solvent, inexpensive, highly reproducible and

industrially feasible approaches is needed. In this context,

the formulation of drug nanocrystals (NC) has emerged as

a promising tool for the formulation of poorly soluble

drugs.

NC are defined as nanoparticles composed of practically

100% drug, being generally stabilised by surfactants or

polymeric steric agents and with a mean particle size is

below 1 lm.[17] NC are generally produced as aqueous dis-

persions (nanosuspensions), which usually need further

solvent removal to obtain re-dispersible powders.[18] NC

display a series of benefits in oral administration of poorly

soluble drugs, including improved absorption, higher

bioavailability, rapid action onset, reduced fed/fasted state

and intersubject variability.[19]

In a previous work, we demonstrated that ABZ formu-

lated as powdered self-dispersible NC (SDNCS) presented a

high redispersion capacity, as well as enhanced saturation

concentration and dissolution rate.[20] However, the in vivo

performance of this formulation remained unexplored. To

address this, here, we aimed to assess the pharmacokinetic

performance of ABZ SDNCS in healthy dogs. The thera-

peutic response of this novel formulation in dogs naturally

parasitised with the nematode A. caninum was also evalu-

ated. Given the lack of reports on the pharmacokinetic

characterisation of ABZ nano-sized formulations and com-

plementary in vivo efficacy trials, this work presents a great

novelty.

Materials and Methods

Chemicals

Pharmaceutical grade ABZ was purchased from Todo

Droga�, C�ordoba, Argentina, and Poloxamer 188 (P188)

was from Rumapel, a representative of BASF� in Argentina.

All the other reagents used in this work were of pro-analysis

quality, and ultrapure water (HF-Super Easy Series, Heal

Force, Shanghai, China) was used in all the assays. For the

anthelmintic response trial, Vermizole� (LAFEDAR,

Paran�a, Argentina) (VMZ), a commercially available

immediate release formulation of ABZ in 200-mg grooved

tablets and produced by wet granulation, was used as a con-

trol.

Preparation of ABZ Nanocrystals

SDNCS were prepared by a top-down technique, as

described in previous work.[20] Briefly, nanosuspensions of

ABZ and P188 (1 : 1) were prepared by 30 cycles of high-

pressure homogenisation at 1200 bar (Avestin C5

EmulsiFlex�, Ottawa, ON, Canada). The nanocrystal sus-

pension was dried on a laboratory-scale Mini Spray-dryer

B€uchi B-290 (B€uchi Labortechnik AG, Flawil, Switzerland)

equipped with a dehumidifier module. A two-fluid nozzle

with a cap orifice diameter of 0.5 mm was used, and the

operating conditions were as follows: atomisation air (l/h),

819; aspiration, 75%; temperature, 45 °C; and pump, 5%.

Particle size

The particle size and polydispersity index (PDI) values of

the SDNCS were determined by photon correlation spec-

troscopy (Delsa™ Nano C Particle Analyzer, Beckman and

Coulter, Inc. Brea, CA, USA). Before taking measurements,

samples were diluted with ultrapure water to obtain the

required absorption intensity. For this purpose, 10 mg of

powder were added to 5 ml of water, and the resultant sus-

pension was shaken by hand for 1 min before carrying out

the assays.

Dissolution study

Dissolution tests of pure ABZ, a physical mixture (PM) and

the nanocrystals placed in transparent hard gelatine cap-

sules, were performed using a USP XXIV dissolution appa-

ratus 1 (SOTAX AT 7 Smart, Westborough, MA, USA).

The rotational basket speed was set at 75 rpm, and the tem-

perature kept constant at 37 � 0.5 °C. The assayed amount

of ABZ was 50 mg in all experiments. For the dissolution

medium, 900 ml of HCl 0.1 M was used. Five-millilitre ali-

quots were withdrawn at predetermined time intervals over

2 h with reposition of fresh medium. Samples were filtered,

and the concentration of dissolved drug was measured at

299 nm using a UV–Vis spectrophotometer (Thermo Evo-

lution� 300, Waltham, MA, USA). All dissolution assays

were performed in triplicate.

Physical mixture

For the dissolution and pharmacokinetic studies, a PM was

used as a control. This was prepared in an agate mortar by

blending softly ABZ and P188 powders in a 1 : 1 ratio for

10 min.
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Pharmacokinetic Study

Experimental setup

Six healthy (3–6-year-old) and free parasite cross-breed

dogs (four males and two non-pregnant females), weighing

18.3 � 5.2 kg, were used in this trial. Animals were fed

12 h before the treatment and refed 12 h after treatment.

Experimental dogs were randomly allocated into two

groups (n = 3) (group I: animals #1, #2, #3; group II: ani-

mals #4, #5, #6), which received two different treatments

using a crossover design. Each experimental treatment was

given orally to the six animals in two phases. In Phase I,

group I received SDNCS (treatment A), and animals in

group II received the PM (treatment B). After 21 days of a

wash-out period, both treatments were reversed and

repeated as Phase II. ABZ was administered in a single dose

of 25 mg/kg in both treatments.

Blood samples were collected from the antebrachial vein

using a 18-G catheter before administration (time 0) and at

0.25, 0.5 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12, 16 and 24 h postad-

ministration of the respective formulations. Blood samples

were immediately transferred into heparinised tubes and

centrifuged at 2000g for 15 min; the recovered plasma was

stored at �20 °C until analysis by HPLC.

Analysis of ABZ and its sulphoxide metabolite

The quantification of the ABZ and its sulphoxide metabo-

lite isolated from plasma was performed by an HPLC

methodology described in a previous work.[21] The concen-

tration vs time curve for the metabolite ABZSO in plasma

for each individual animal after the different treatments

was fitted using PK Solution 2.0 (Summit research services,

Ashland, OH, USA). The Peak concentration (Cmax) and

time to peak concentration (Tmax) were obtained from the

plotted concentration–time curve of each analyte. The area

under the concentration–time curve (AUC) was calculated

by the linear trapezoidal rule.[22]

Anthelmintic efficacy study

Animals

Faecal samples of a total of 96 cross-breed dogs (all ster-

ilised) from a canine shelter of Montevideo, Uruguay, were

collected. Animals were allocated into individual roofed

separate kennels with a concrete/grass floor and fed once

daily. With the aim to identify the naturally parasitised

dogs, all the collected samples were analysed using a Willis

flotation technique.[23] Based on a detailed analysis of eggs

morphology,[24] we identified 42 dogs infected with A. can-

inum that were recruited for this trial. Of these, seven were

co-infected with Trichuris vulpis (75 � 45 eggs per gram

(EPG)). However, due to the low prevalence of T. vulpis, A.

caninum was chosen as the model nematode to evaluate the

therapeutic response of our novel formulation. The initial

egg count (day 0) for A. caninum was 640 EPG (n = 42),

ranging between 80 and 1240 EPG. The average weight of

the recruited animals (22 males and 20 females) was

25.0 � 5.5 kg.

Experimental design

The naturally parasitised animals were randomly allocated

into seven groups (n = 6). Groups I, II and III received

ABZ SDNCS at 6.25, 12.5 and 25 mg/kg per day, respec-

tively, during 3 days. Groups IV, V and VI were treated

with VMZ following the same therapeutic scheme of

groups I to III. Group VII remained untreated until the

trial was finished.

Faecal samples of each naturally parasitised dog were

collected at day 0 (considered as reference) and at days

1, 2, 3, 7, 14 and 30 after the last ABZ administration. A

Willis flotation technique and a modified McMaster fae-

cal egg counting procedure[25] were performed on each

sample.

The faecal egg count reduction (FECR) on each animal

was determined by the following equation:

FECR¼ EPG ðday 0Þ�EPG ðdayn post� treatmentÞ
EPG ðday 0Þ � 100

ð1Þ
Statistical analysis

In the pharmacokinetic study, a non-parametric Mann–
Whitney test was used for the multiple statistical com-

parisons of the data obtained from the different groups.

For the anthelmintic efficacy assay, a paired sample t-test

and Kruskal–Wallis test (post hoc: Mann–Whitney test)

were used for the comparison of the SDNCS and VMZ

treatments. These statistical analyses were performed

using the Info Stat software.[26] For all statistical com-

parisons, a p value less than 0.05 (P < 0.05) was consid-

ered significant.

Ethical considerations

Animal procedures and management protocols were

approved by the Ethics Committee according to the Ani-

mal Welfare Policy of the Faculty of Veterinary, Universi-

dad de la Rep�ublica, Montevideo, Uruguay (www.

fvet.edu.uy). Animals were routinely observed by clinically

experienced staff to report any adverse reaction during

both trials.
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Results and Discussion

Nanocrystal formulation

Although the experimental formulation of ABZ (SDNCS)

and its characterisation was developed in detail in our pre-

vious report,[20] the particle size and PDI of the batch used

in this work were tested, being 415.69 � 7.40 nm and

0.245 � 0.006, respectively.

The dissolution behaviour of the formulation was also

studied. We found that the SDNCS presented a high disso-

lution rate; the amount of ABZ dissolved at 1 h was

74.43%, while the respective value for the PM and pure

ABZ at 1 h were 7.77% and 3.7% (Figure 1). In agreement

with the Noyes–Whitney, and Ostwald–Freundlich equa-

tions, a decrease in particle size led to an increase in the

specific contact surface, enhancing the drug dissolution

velocity and saturation solubility.[27,28] The high percentage

of P188 in the formulation (50%) permits the formation of

water-soluble links between the nano-sized drug particles,

thus resulting in a complete redispersion of the powdered

material, which was visually confirmed as the dissolution

vessels were completely opalescent after the disintegration

of the transparent gelatin capsules within 10 min of the

test. The potential surfactant effect of P188 in the dissolu-

tion rate of ABZ is negligible. This can be confirmed analys-

ing Figure 1 where pure ABZ and the PM (containing 50%

of P188) presented similar dissolution profiles.

On the other hand, amorphisation of ABZ during the

formulation could lead to an increased dissolution rate;

nevertheless, we have previously demonstrated that the

crystalline state of the pure ABZ drug remains unchanged

in the SDNCS.[20]

The observed higher dissolution rate does not necessarily

guarantee an improvement in pharmacokinetic parameters,

especially in small animals with a short gastrointestinal

tract (GIT) and rapid intestinal transit, such as dogs.[29]

Pharmacokinetic study

Figure 2 shows the pharmacokinetic profiles of ABZSO

after a single oral administration of SNDCS and the control

formulation at 25 mg/kg. The ABZ parent drug was not

detected in the plasma, whereas ABZSO was detected in

both treatments (SNDCS and control), for up to 8 and

16 h, respectively. SDNCS produced a rapid increase in the

sulphoxide plasma concentration, achieving a maximum at

1.5 � 0.5 h, while the control presented the Cmax at

3 � 1 h. The AUC0?∞ value for SDNCS

(24.85 � 7.40 lg h/ml) was 275% higher than that

obtained for the control group (6.62 � 4.30 lg h/ml). The
Figure 1 Dissolution profile of ABZ nanocrystals (SDNCS), PM and

pure ABZ placed in transparent hard gelatin capsules in 900 ml of HCl

0.1 M, using apparatus 2 (75 rpm) at 37 � 0.5 °C.

Figure 2 Plasma concentration of ABZSO after a single oral administration of the nano-sized ABZ (SDNCS) 25 mg/kg and a physical mixture con-

taining the same composition of the experimental preparation.
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Cmax value observed for SDNCS was fivefold higher

(P < 0.05) than the control (5.63 � 1.74 lg/ml and

1.53 � 1.04 lg/ml, respectively) (see Table 1).

When administered orally, ABZ is extensively metabo-

lised to an active sulphoxide metabolite (ABZSO) in the

liver, and further oxidation leads to the second inactive

metabolite, albendazole sulphone.[30] To achieve a suitable

plasma concentration of the ABZSO, microparticles con-

taining the drug NC (microcomposites) must disintegrate

and then, ABZ (a weak base) must dissolve in the acid envi-

ronment of the stomach to finally permeate the duodenal

membrane (Figure 3a–c). NC of basic drugs are more easily

affected by pH variation in the GIT. For weak bases, a

nano-sized drug formulation will dissolve fast and more

efficiently in the low stomach pH environment, but in the

transit to duodenum, the rise in pH may illicit uncontrolled

precipitation of drug substance.[27] Nonetheless, this phe-

nomenon seemed not to affect our formulation as the phar-

macokinetic performance was truly increased. We

hypothesise that although the GIT transit in dogs is rapid,

the gastric emptying is gradual, thus permitting the absorp-

tion of the active.

It is important to note that P188 has the disadvantage of

forming in situ thermo-sensitive gels that might delay the

drug release from the formulation, as reported by Dib

et al.[31] However, according to this study, this behaviour

seems not to affect drug absorption as the in vivo perfor-

mance increased for the SDNCS compared to the control.

According to multiple reports, the absorption of benzim-

idazole anthelmintic drugs in cats, dogs and humans is lim-

ited by their low dissolution rates in gastric fluids.[21]

Consequently, these antiparasitic agents must be adminis-

trated at high or multiple doses to provide sustained con-

centrations at the parasite site.[30] In this context, and

based on the promising outcomes of the pharmacokinetic

assay, it was propitious to move forward with an in vivo

efficacy study testing the innovative formulation in ‘real-

use’ conditions.

Therapeutic response assay

To evaluate the correlation between an increased systemic

ABZSO availability and its capacity to reach the haemato-

phagous adult worms in the intestine lumen (Figure 3d),

an anthelmintic efficacy study was performed. For this, a

commercial formulation (VMZ) and an SNDCS were orally

administered to dogs naturally parasitised with A. caninum,

and the egg output in faeces was measured. The seven ani-

mals infected with Trichuris vulpis showed the absence of

this parasite eggs in faeces in all the post-treatment assayed

days (data not shown).

Regarding A. caninum, we are aware that the female

worm is able to modulate the egg production in response

to the degree of intestinal crowding. Several reports indi-

cate that an increase in worm burden in the intestine corre-

lates with a decrease in the egg output, but the mechanism

for this remains unknown.[3,32,33] Besides, it has been

Table 1 Pharmacokinetic parameters of the sulphoxide metabolite

(ABZSO) after a single oral administration of ABZ SDNCS and control

(PM) at 25 mg/kg

Tmax (h) Cmax (lg/ml) AUC0?∞ (lg h/ml)

SDNCS 1.5 � 0.5* 5.63 � 1.74* 24.85 � 7.40*

Control (PM) 3.0 � 1.0 1.53 � 1.04 6.62 � 4.30

AUC0?∞, area under the plasma concentration–time curve up to time

infinity; Cmax, peak plasma concentration; Tmax, time to reach peak

plasma concentration. Data are expressed as mean � SD (n = 6).
*P < 0.05 vs control.

Figure 3 (a) ABZ NC in microcomposites before its administration. (b) Redispersion of SDNCS and dissolution of ABZ in the aqueous and acid

conditions of the stomach. (c) Permeation of ABZ into the blood stream in the small intestine and oxidation in liver. (d) ABZ reaches the

hematophagus parasite worms located in GIT lumen.
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highlighted the necessity for a critical examination of the

ability of FECR in A. caninum drug resistance studies.[34]

However, deeper studies should include animal euthanasia,

seriously compromising ethical aspects of our trial.

Table 2 shows the FECR (mean � SD) of the treated

groups with three doses (once daily) of the control and

SDNCS at three dose levels (25, 12.5 and 6.25 mg/kg). All

of the treated groups presented a high reduction in the par-

asite egg count, even in the first-day post-treatment.

Groups I to VI presented significant differences in the

FECR when compared with the untreated group (VII) in all

of the assayed days (P < 0.05). Furthermore, all samples

were taken at days 1, 2, 3, 7, 14 and 30 presented significant

differences with their respective amount of EPG at day zero

(P < 0.05) in all of the treated groups.

At a dose of 25 mg/kg (dose of reference),[30] the reduc-

tion in the egg counting was close to 100% and no signifi-

cant difference was observed between the formulations

(P > 0.05). Similar results were obtained when the dose

was reduced to 50% (12.5 mg/kg), as both treatments

practically eradicated the eggs, with no statistical difference

(P > 0.05) in the period of time evaluated. Conversely, sig-

nificant differences (P < 0.05) between SDNCS and VMZ

were observed when the administered dose was 6.25 mg/kg

(a quarter of the reference dose) as the nano-sized formula-

tion permitted a reduction of 100 � 0% in the egg count-

ing, while the control only produced a maximum reduction

of 62.0 � 21.1%.

Relevant results regarding the potential of our innovative

formulation efficacy can be obtained from the analyses of

Figure 4, where the reference treatment (VMZ 25 mg/kg)

was compared to the experimental treatments (VMZ

12.5 mg/kg (P > 0.05) and SDNCS 6.25 mg/kg (P > 0.05)).

The absence of statistical significance among these three

groups suggests that the SDNCS form can achieve higher

ABZSO concentrations at the parasite location, improving

ABZ therapeutic efficacy against A. caninum, even when

using a quarter of the recommended dose (see Figure 3d).

However, a decrease to 50% in the dose for VMZ produced

a similar decrease in FECR compared to the reference

Table 2 Ancylostoma caninum faecal egg count reduction expressed as FECR � SD (n = 6) in the groups treated with the control and SDNCS at

three dose levels: 25, 12.5 and 6.25 mg/kg

Treatments

25 mg/kg 12.5 mg/kg 6.25 mg/kg

Day Control SDNCS P value Control SDNCS P value Control SDNCS P value

1 91.0 � 14.0 100 � 0 0.455 100 � 0 100 � 0 0.999 55.5 � 28.2 100 � 0 0.0022

2 94.3 � 9.0 100 � 0 0.455 100 � 0 100 � 0 0.999 61.3 � 23.5 100 � 0 0.0022

3 96.2 � 6.0 98.3 � 4.1 0.727 100 � 0 100 � 0 0.999 62.0 � 21.1 100 � 0 0.0022

4 96.2 � 6.0 100 � 0 0.455 100 � 0 100 � 0 0.999 59.9 � 20.9 100 � 0 0.0022

15 100 � 0 100 � 0 0.455 100 � 0 100 � 0 0.999 58.9 � 23.0 100 � 0 0.0022

30 79.8 � 10.6 90.7 � 14.8 0.225 79.5 � 11.5 83.6 � 4.6 0.366 41.6 � 27.3 100 � 0 0.0022

Control, commercial formulation of ABZ Vermizole�; SDNCS, self-dispersible nanocrystals of ABZ. P value < 0.05 paired sample t-test and a

Kruskal–Wallis test (post hoc: Mann–Whitney test) indicate significance.

Figure 4 Comparison of FECR values between the SDNCS at 6.25 and 12.5 mg/kg and the commercial formulation (VMZ) at 25 and 12.5 mg/kg.
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treatment, suggesting that overdosing is occurring in

parasitic diseases. Nevertheless, further investigation in this

particular point is needed.

It is worth highlighting the relevance of this potential

enhancement of ABZ efficacy, particularly from a toxico-

logical point-of-view. The potential toxicity of ABZ

includes retardation of weight gain, readily reversible anae-

mia, slight leucopenia, hypercholesterolaemia and other

non-specific and variable changes in clinical chemistry test

results and slight proteinuria. Additionally, the mutagenic

potential of ABZ has been recognised by the European

Medicines Agency (EMA).[35] Other reports indicate bone

marrow toxicosis after ABZ administration in cats and

dogs.[36,37] In this case, using SDNCS, we could obtain a

similar efficiency using a dose four times lower than tradi-

tional formulations currently available in the market. Thus,

a consequent reduction in side effects and the cost of treat-

ment are expectable.

Conclusions

The dissolution rate of ABZ from nanocrystals was dramat-

ically increased compared to PM and pure drug. This was

in line with the pharmacokinetic performance of nano-

sized ABZ in dogs. A marked improvement of ABZSO

kinetic behaviour was observed for the novel test formula-

tion (i.e. AUC values threefold higher than the control for-

mulation being the PM).

The therapeutic response, assessed as clinical anthelmin-

tic efficacy in dogs, showed similar egg reduction counts

for the SDNCS ABZ formulation using a dose that is four

times lower than the commercial formulation. These are

promising results that encourage us to further optimise this

formulation for human medicine as the treatment of a large

number of parasitic diseases fails due to the unfavourable

properties of this type of poorly water-soluble anthelmintic

drugs.
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