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This workis focused on the analysis of the effect of basic physicochemical aspects (surface thermodynamic
and electrokinetic characteristics) on the stability and redispersibility properties of mebendazole aqueous
suspensions. To our knowledge, previous investigations on the formulation of mebendazole suspensions
have been not devoted to the elucidation of the colloidal behavior of this benzimidazole carbamate. A
deep thermodynamic and electrokinetic characterization, considering the effect of both pH and ionic
strength, was carried out with that purpose. It was found that the hydrophobicity and, the surface charge
and electrical double layer thickness of the drug play a significant role in the stability of the colloid.
Mebendazole aqueous suspensions display a controllable “delayed” or “hindered” sedimentation and a
very easy redispersion which may contribute to the formulation of veterinary liquid dosage forms.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The management of parasitic infestations in veterinary has
become an important public health issue. The oral administra-
tion of liquid dosage forms is clearly the best way to provide
the exact dose of any given drug to animals. In addition, it cir-
cumvents the discomfort associated to other traditional routes
of administration (e.g., parenteral). However, the formulation of
an adequate liquid dosage form is an important challenge that
involves the study of different basic aspects. For instance, sus-
pension formulation normally causes manufacturing, storage, and
stability problems due to sedimentation and caking (Duro et al.,
1998; Ruiz et al., 2003; Van Eerdenbrugh et al., 2008; Arias et al.,
2009).

Mebendazole  (methyl 5-benzoyl-1H-benzimidazol-2-yl-
carbamate) (Fig. 1) is a broad spectrum benzimidazole carbamate
classically used in human and veterinary medicine to treat a wide
range of parasitic infestations. It is a white to slightly yellow
powder that is insoluble in water, alcohol, ether, acid solutions,
and chloroform, and freely soluble in formic acid. This drug acts by
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holding back essential intracellular microtubule-dependent trans-
port processes in parasites. It inhibits glucose uptake, resulting in
immobilization and death of the parasite. In humans, it has been
satisfactorily used in the treatment of ancylostomiasis, uncinaria-
sis, oxyuriasis, ascariasis, and trichuriasis (Krishnaiah et al., 2001;
Dayan, 2003; de Villiers et al., 2005). In veterinary, mebendazole
has been approved for use in several species, including pregnant
animals. It is very active against: (i) gastro-intestinal nematodes in
dogs, cats, horses, donkeys, and sheep; (ii) lungworm in sheep and
donkeys, including Dictyocaulus arnfieldi; and, (iii) tapeworms in
dogs and cats (Echinococcus and Taenia spp.), and sheep (Moniezia
spp.). Mebendazole has been also combined with flukicidal drugs
for the treatment of sheep with fluke and worm infections (Dayan,
2003; Velik et al., 2004; Cafiete et al., 2009).

To our knowledge, the investigations previously completed to
design mebendazole suspensions have been largely focused on the
elucidation of thermal stability, and crystal purity aspects of the
drug. For instance, de Villiers et al. (2005) analyzed the effect of
the temperature on the transformation processes between meben-
dazole polymorphs. Agatonovic-Kustrin et al. (2008) developed
an attenuated total reflectance-Fourier transform infrared (ATR-
FTIR) spectroscopy technique for the quantitative assessment of
the solid-state polymorphic composition of mebendazole drug sub-
stances in complex formulations. Finally, Van Eerdenbrugh et al.
(2008) investigated the use of p-a-tocopherol polyethylene gly-
col 1000 succinate (TPGS) to overcome the problems of stability
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Fig. 1. Chemical structure of mebendazole.

of mebendazole aqueous formulations that are associated to the
hydrophobicity of the drug.

The main drawback of the commercially available mebenda-
zole suspensions [drug concentration: 2 to 20% (w/v)] is that the
expiration date is conditioned by the stability of the suspension
(Van Eerdenbrugh et al., 2008). Hence, the need for an extensive
investigation of the basic physicochemical aspects related to the
stability and redispersibility properties of this colloid. A prelim-
inary clarification of basic aspects such as the surface properties
and colloidal behavior is still missing. This is particularly impor-
tant if we take into account that the surface electrical properties
(i.e., electrokinetic potential and electrical double layer thick-
ness), and the surface thermodynamics play a critical function in
the stability of these systems (Arias et al., 2009). In this work
we have investigated the thermodynamic properties (hydropho-
bicity/hydrophilicity) and the electrokinetic properties (electrical
state) of mebendazole aqueous suspensions. The basic formulation
conditions were clarified by investigating the effects of both ionic
strength and pH on the stability of the suspensions.

2. Materials and methods
2.1. Materials

Mebendazole was purchased from Roig Farma-Fagron (Spain),
and used as received. Regarding the geometry, hydrophobicity,
and electrokinetic properties of the drug, no significant differences
were observed when the supplier was Sigma-Aldrich (Germany),
or Guinama (Spain) (data not shown for clarity). Water used in the
experiments was deionized and filtered (Milli-Q Academic, Milli-
pore, France). All other chemicals were of analytical quality from
Panreac (Spain) except for formamide (Carlo Erba, Italy), and a-
bromonaftalene (Merck, Alemania).

2.2. Methods

2.2.1. Characterization

Mean diameters of mebendazole particles were measured after
suitable dilution of the drug suspensions at 25.0 & 0.5 °C, by photon
correlation spectroscopy (PCS) (Malvern 4700 analyzer, Malvern
Instruments, U.K.) using a 75 mW, 488 nm wavelength argon ion
laser (Cyonics). In order to confirm these results, the geometry
(size and shape) of the particles were deduced from scanning elec-
tron microscope (SEM) photographs, which were obtained by using
a Zeiss DSM 950 SEM (Germany) set at 80kV accelerating volt-
age. Before inspection, a dilute mebendazole aqueous suspension
(~0.1%, w/v) was sonicated for 10 min, and drops were located on

copper grids with formvar film, that were then dried at 40.0 + 0.5°C
in a convection oven.

The electrokinetic properties of mebendazole suspensions
(~0.1%, w|v) were measured by electrophoretic determinations
using a Zetasizer 2000 (Malvern Instruments, U.K.) electrophoresis
device. The effect on these properties of both electrolyte concen-
tration (NaCl, CaCl,-4H,0, or AlCl3-6H,0) and pH (adjusted with
either NaOH or HCI) was investigated. The measurements were
done at 25.04+0.5°C, after 24 h of contact at this temperature under
mechanical stirring (50 rpm). The experimental uncertainty of the
measurements was below 5%.

We selected NaCl, CaCl; or AlCl3 as electrolytes in this investiga-
tion due to the fact that they have been reported to very efficiently
stabilize medicines based on aqueous suspensions (Gallardo et al.,
2003; Ruiz et al., 2004; Abrahamsson and Odman, 2008; Arias et
al., 2009). NaCl and CaCl, are well-known pharmaceutical excipi-
ents that have been approved by the Food and Drug Administration
(F.D.A.) for the formulation of medicines intended for the oral route.
On the opposite, AlCl; has been not yet approved by the F.D.A.
However, the use of the latter electrolyte comes from the need to
accomplish the investigation of the effect of the type of electrolyte
and its concentration on the stability of mebendazole aqueous sus-
pensions.

The determination of the surface thermodynamics of the ben-
zimidazole carbamate was done following the model of van Oss
(2006; see also Arias et al., 2008, 2009), according to which the
total surface free energy of any material i (yTOTi) is the sum of two
contributions: the non-polar Lifshitz-van der Waals component
(yLWi) and the acid-base component (yABi). The latter is linked
to the electron-acceptor (yi*) and the electron-donor (y;”) proper-
ties of the material. Likewise, the interfacial solid/liquid free energy
(YTOTSL), and its yLWSL and yABSL components are related to the
surface free energies of both the solid (subscripts S) and the liquid
(subscripts L):

Vs = Vst AV = v A2V VEvs +2\/vs v

The use of Young’s equation (Adamson and Gast, 1997) allows
establishing a relationship between these quantities and the con-
tact angle (0) between the liquid and the solid:

(1+cos )y = 2\/YLWSYLWL + 2:\/ydy; +2\/vsv) (2)

The three unknowns (y:V¥, y¢, and y;) can be obtained
by solving the resulting system of 3 equations if we deter-
mined the 6 of three liquids of known yLWL, y;, and y; : water
(YLWL=21.8, y =y, =25.5m]/m?), formamide (yLWL=39.0,
yl_*=2.28, Y, =396 mJ/m?), and a-bromonaftalene (yLWL =43.6,
)/L+=y[=0mj/m2) (van Oss, 2006). The O of these liquids were
measured using a Ramé-Hart 100-00 goniometer (USA) on drug
pellets (diameter: 1.3 cm) at 25.04+0.5°C. These pellets were pre-
pared by compressing the dry mebendazole powder in a Spepac
hydraulic press (UK) set to 8 Ton during 5 min.

2.2.2. Stability of mebendazole suspensions

In addition to the electrokinetic study, another method was
selected to investigate the stability of mebendazole aqueous sus-
pensions. It consisted in the measurement of the sediment volume
(Vs) after keeping the drug suspensions in 100 mL cylinders (inner
radius: 1.2 cm) at 25.04 0.5 °C. The concentration of mebendazole
powder in each cylinder was 0.5% (w/v). For the characteriza-
tion of the stability, the flocculation ratio (F) was the magnitude
chosen. This quantity is defined as Vs/Vy (%), where Vj is the ini-
tial volume of the suspension (Matthews and Rhodes, 1970). We
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also used a complementary method that is appropriate for dilute
suspensions (Arias et al., 2009): the measurement at A =300nm
of the optical absorbance of mebendazole aqueous suspensions
(0.5%, w/v) as a function of time, by using a PerkinElmer UV/Vis
Lambda 40 (PerkinElmer, USA) spectrophotometer. Finally, the
redispersibility of the mebendazole sediments was ascertained
by visual inspection of the aqueous suspensions after placing
them in an Branson 5200E4 ultrasonic bath (USA), set at 40 kHz
and with a sonic power of 100W (Arias et al., 2009). Moderate
hand shaking for ~3 min of the aqueous mebendazole suspensions
did not show any significant difference compared to ultrasonica-
tion.

3. Results and discussion
3.1. Geometry of mebendazole particles

Mebendazole particles were of acicular (elongated) shape, in
the colloidal size range and moderately polydisperse. The aver-
age diameter (& standard deviation) and polydispersity index were
1.9+ 0.6 wm and 0.339, respectively. As an example, Fig. 2 shows
a SEM microphotograph of the mebendazole dry powder and the
size histogram (based on 100 particles counting).

3.2. Surface thermodynamics of mebendazole particles

The contact angles (0) of water, formamide and o-
bromonaftalene on the dry pellets of mebendazole were 69° 4 4°,
47°£6° and 6° +2°, respectively. The yLWS, y{, and y; compo-
nents represent a set of physical magnitudes that can be evaluated
to determine the nature of the active agent, thanks to the true
physical information on the surface thermodynamics given. It
was determined that the yLWS component is 43.4+0.1 mJ/m2,
the y; component is 0.2+0.3mJ/m?2, and the Ys component is
10.8 +0.8 mJ/m2. Hence, mebendazole is basically a monopolar
electron-donor material, in the sense given by van Oss (2006): this
drug is capable of having acid-base interactions with phases of
whatever polarity (y*, y~, or both, different from zero), although
the acid-base forces do not contribute to its cohesion free energy.

These ys components manifest themselves in the hydropho-
bicity/hydrophilicity of the drug: in order to determine whether
a material can be considered hydrophobic or hydrophilic, it can be
evaluated the free energy of interaction AGg;s (not considering the
electrostatic component) between the solid phases immersed in
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Fig. 2. Scanning electron microphotograph of mebendazole (inset: size histogram
of the dry powder). Bar length: 2 pm.

the liquid (van Oss, 2006). This quantity can be written as follows
per unit area of interacting particles:

AGgs = —2y8" (3)

It was found that AGgs was negative for mebendazole
(=39.8+4.5m]/m?) and, thus, this drug can be considered
hydrophobic. This is due to the fact that the interfacial interactions
favor the attraction of the microparticles to each other.

3.3. Effect of pH on the stability of mebendazole aqueous
suspensions

The pH characteristically displays a considerable effect on the
surface charge of numerous solids of pharmaceutical interest
(drugs, polymers, etc.) (Gallardo et al., 2003; Ruiz et al., 2004; Arias
et al., 2009). Thus, we investigated the influence of [H*] on the
colloidal stability of mebendazole. Fig. 3a shows the type of time
evolution of the sedimentation curves of the drug aqueous suspen-
sions: independently of pH, all suspensions developed a “hindered”
or “delayed” sedimentation profile, in which the sediment front
typically fall from the upper side of the suspension, leading to a
patentboundary between the front and the clarified aqueous super-
natant (Delgado et al., 1990). Almost the same time evolution of
the sedimentation curves of the mebendazole aqueous suspensions
was observed when the drug concentration was 2% (w/v) (the con-
centration usually used in veterinary) (data not shown for brevity).
At the earliest stage of the sedimentation process, the aggregates
extend to nearly the entire volume of the suspension. Thus, the
sedimented volume was high and it decreased with time: only
after ~24h the mebendazole microparticles settled giving a sta-
ble flocculation ratio. It could be also pointed out a slight tendency
for minor flocculation values as the [H*] decreased: 21%, 19%, and
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Fig. 3. Flocculation ratio F (Vs/Vp, %) (a) and optical absorbance A (relative to its
initial value, Ap) (b) as a function of time for mebendazole aqueous suspensions at
pH 2,6,and 9.
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Fig.4. Electrophoretic mobility (u. ) values of mebendazole microparticles as a func-
tion of pH in the presence of 10~ M NaCl.

18% at pH 2, 6 and 9, respectively. Finally, redispersion was nearly
finished after ~3 min of ultrasonic shaking.

These results were confirmed by the optical absorbance data of
mebendazole aqueous suspensions with different pH values. Fig. 3b
shows the absorbance A (relative to its initial value Ag) as a func-
tion of time. It is clear that the ratio A/Ag diminishes with time,
indicating the disappearance of drug microparticles out of the light
beam due to settling after coagulation. In this figure it can be also
detected that the sedimentation rate was affected by the [H*]: there
is an inclination to greater rates as the pH becomes more acidic,
probably a consequence of the bigger weight of these slightly more
voluminous flocculi.

With the aim of qualitatively explaining the stability and redis-
persibility data in the frame of the DLVO classical theory of the
stability of lyophobic colloids (Hunter, 2001), we studied the u,
values of mebendazole microparticles as a function of pH under
equivalent conditions to those corresponding to the stability study.
As can be observed in Fig. 4, ue was negative for the whole pH
interval, and it augmented in absolute value as the [H*] decreased.
This behavior could be explained on the basis of the charge gen-
eration mechanism at the mebendazole-solution interface: weak
acid groups (presumably carboxylic) may be responsible for the
generation of these negative values on the drug surface (pK; of the
drug: 6.82) (Ramanathan et al., 1993). As hydrogen in the carboxyl
groups is acidic, loss of H* from the molecule can be considered an
important factor that defines the net charge. Thus, the progressively
more negative charge density could be understood by the effect of
increasing pH (OH~ concentration) in the solution, which tends to
progressively enhance the loss of protons in the drug molecule.
On the opposite, the decrease in absolute ue values as pH becomes
more acidic may be a consequence of the neutralization of the nega-
tive regions at the mebendazole surface by the chemical adsorption
of increasing quantities of H* ions (Vera et al., 1996; Ruiz et al.,
2004; Arias et al., 2008).

At acid pH, ue will be low, and formation of open flocculi can
occur rapidly because of van der Waals attraction, which is favored
by the hydrophobic character of the drug (see Section 3.2). How-
ever, the open structure of the flocculi will include moderately
big volumes of the supporting aqueous solution, and the average
solid-solid distances will be rather large, despite the van der Waals
attractions and the hydrophobicity of mebendazole. Therefore, the
drug microparticles will be separated even after a mild shaking, and
the drug suspensions will be easily redispersible. This behavior was
also observed for basic pHs, even though the high ue values of the
mebendazole microparticles. We have to keep in mind the high
hydrophobicity of the active agent to understand this similarity,
which could determine that interfacial interactions favor the exis-

tence of attractions between the microparticles that support the
formation of aggregates, which will be slightly smaller than at acid
pHs due to the expected electrostatic repulsions. Finally, the previ-
ously commented small trend towards faster sedimentation rates
for acid pHs could be a consequence of the slightly large volume
(weight) of the aggregates obtained under these conditions.

3.4. Effects of electrolyte type and concentration on the stability
of mebendazole aqueous suspensions

We investigated the time evolution of the sedimentation curves
of the mebendazole aqueous suspensions at pH 6, the natural pH
of the drug suspensions, when three common electrolytes (NaCl,
CaCl,, and AlCI3) were added in concentrations ranging from 10~°
to 10~ M. It was observed that independently of the electrolyte
type and concentration, all suspensions developed a “delayed” or
“hindered” sedimentation (see Fig. 5a as an example), and only
after ~24h a stable flocculation ratio was achieved. It was also
possible to detect a slight tendency to greater flocculation val-
ues as the electrolyte concentration was increased. For instance,
in the case of AlCl3: 21%, 19%, and 18% at 10~1, 10~3 and 10—> M,
respectively. When the drug concentration was 2% (w/v), no sig-
nificant differences were observed in the time evolution of the
sedimentation curves (data not shown for brevity). Redispersion
was almost complete after ~3 min of ultrasonic shaking, without
significant differences between the electrolytes and their concen-
trations. These results were confirmed by the relative absorbance
versus time data (e.g., Fig. 5b), where it was also observed that the
sedimentation rate was affected by the electrolyte concentration:
there was a slight trend to higher rates as the electrolyte concentra-
tion becomes greater, probably a consequence of the bigger weight
of these slightly more voluminous sediments. Finally, as previously
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Fig. 5. Flocculation ratio F (Vs/Vo, %) (a) and optical absorbance A (relative to its
initial value, Ap) (b) as a function of time for mebendazole suspensions (pH 6) at the
AlCl; molar concentrations: 10~!, 10-3, and 10-°.
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Fig. 6. Flocculation ratio F (Vs/Vp, %) (a) and optical absorbance A (relative to its
initial value, Ao) (b) as a function of time for mebendazole suspensions (pH 6) at
10" M NaCl, CaCl,, and AlCls.

commented, the absence of significant differences between the
electrolytes (see Fig. 6 as an example) and their concentrations
can be partially explained by considering the hydrophobicity of
mebendazole which induces the formation of aggregates despite
the tendency of the drug to settle as individual particles at low
electrolyte concentrations (high ue values, as discussed below).
We now investigate to what extent the flocculation data can be
explained by the electric double layer properties. Fig. 7 shows that
ue values were negative throughout the range of concentrations
tested for NaCl and CaCl,, and that the absolute value tended to
decrease as concentration of either electrolyte increased. This trend
was more evident for CaCl, due to a stronger specific adsorption
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Fig.7. Electrophoretic mobility (u.) values of mebendazole microparticles as a func-
tion of the concentration of NaCl (W), CaCl, (@), and AICl; (a) at pH 6.

in the Stern layer (Ruiz et al., 2004; Arias et al., 2009). Decreased
ue resulted from the effect of double-layer compression (Fig. 7):
the counterions accumulate closer to the particle surface, such that
the double layer shrinks as concentration increases. This leads to
a lower electrical potential in the shear plane (or slip surface) that
limits the value of ue and, therefore, favors the formation of volu-
minous aggregates that settle down slightly faster (tendency also
observed in CaCl;, solutions as compared to NaCl, see Fig. 6).

On the opposite, the very significant effect of highly charged
counterions on the magnitude and sign of the surface charge of
drug microparticles was clear when the medium contained AlCl3.
Fig. 7 shows that ue was positive within the range of concentrations
of this electrolyte studied. These results are a consequence of sur-
face adsorption of AI3* jons onto mebendazole with a consequent
increase in cationic charge and decrease in ue. This suggests that
trivalent cations are more effective than divalent cations (which in
turn are more efficient than monovalent cations) in reducing ue.
This behavior is a consequence of the Schulze-Hardy rule, accord-
ing to which higher counterion valence is associated with greater
decrease in ue. The specific or chemical adsorption of CI~ ions onto
the mebendazole surface could justify the essential aspects of this
phenomenon. At low NaCl or CaCl, concentrations, counterions are
unable to cover completely the drug surface, and Cl~ ions might
thus be capable to reach the particle surface. This in turn could
lead to an additional increase in net negative charge and hence .
When the concentration is increased, the greater number of cations
may be more effective in impeding contact between microparti-
cles and CI~ ions and, hence, it can prevent (or at least reduce) the
adsorption of co-ions. This effect is compensated by double-layer
compression caused by the increasing counterion concentration.
Thanks to the greater charge of Ca2*, this cation is more efficient
in this coating effect than Na®. It would explain why the very low
ue detected in CaCl, solutions (indicating a decrease in the num-
ber of CI~ ions adsorbed) is not found in the presence of Na*. On
the contrary, trivalent cation salts have a much greater effect on ue
that determines a move to positive values, a clear indication that
AP interacts strongly with the drug surface (Ruiz et al., 2004). In
addition, the very low u. values generated even at the weak ionic
strengths of AlCl3 could explain the generation of much voluminous
macroaggregates that, due to their higher weight, will sediment
slightly faster.

4. Conclusions

In this work we have determined that the stability of meben-
dazole aqueous suspensions is principally controlled by its
hydrophobic character and, by the electrokinetic properties of the
microparticles and the thickness of their ionic double layers. Even
though hydrophobicity strongly defines the flocculation curves, the
modification of pH and the addition of electrolytes could also help in
the enhancement of the stability of mebendazole aqueous suspen-
sions. The combined use of high concentrations of AlCl3 and acidic
pHs is expected to allow the formulation of mebendazole suspen-
sions with very suitable stability and redispersability for veterinary
applications.
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