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Introduction
Cancer, a serious health problem, is one of the major 
causes of death worldwide. Th e vast increase in the 
number of cancer patients highlights the importance 
and urgent need to produce safe, effi  cient, and 
promising anticancer agents [1–3]. Recently, many 
chemical classes of heterocyclic and fused heterocyclic 
compounds have been identifi ed and evaluated for 
cancer therapy [4–6]. According to reported literature, 
benzimidazole derivatives are intensively being worked 
on and show remarkable biological activity as antitumor 
agents [7–9].

Th e choice of a suitable pharmaceutical formulation 
is clearly an essential step in the development of 
successful anticancer drug therapy. Challenges are 
generally faced during formulation because of the 
aqueous insolubility of certain drugs. Th is is crucial in 
the case of intravenous forms, as high concentrations of 
added solubilizing agents may exert severe side eff ects. 
Th us, an appropriate carrier is required to achieve 
a formulation of higher safety causing no venous 

irritation  characterized by higher solubility as well 
as optimum stability. Among the most investigated 
pharmaceutical formulations, nanoemulsions (NE) 
have been attracting much attention owing to their 
several advantages [10–12]. Furthermore, these NEs 
guarantee controlled and sustained release of the drugs, 
resulting in the reduction of the dosage and frequency 
of injection during the drug therapy time. In addition, 
injectable NEs are characterized by lack of creaming, 
sedimentation, and fl occulation in addition to large 
surface area and free energy, thus having prominent 
advantages compared with the other injectable dosage 
forms of larger particle size [13,14]. Moreover, 
the small droplet diameter of the NEs allows their 
 sterilization using a simple and inexpensive method like 
fi ltration [15]. All of the above-mentioned remarkable 
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characteristics may contribute to successful intravenous 
administration. However, this is challenging because 
precipitation of incorporated drugs can occur upon 
dilution in blood [16,17].

In this study a parenteral delivery system was designed 
as a carrier for a chemically  synthesized benzimidazole 
derivative with anticancer activity [18]. Our purpose 
was to develop and evaluate a suitable infi nitely dilutable 
intravenous NE. Preliminary tests were performed on 
the basis of the solubilization and microemulsifying 
eff ect, together with resistance to infi nite dilution, 
followed by evaluation and comparison of surfactants 
to develop oil-in-water NEs. Several NEs were 
formulated and segregated according to their resistance 
to dilution as well as surfactant and oil content. NEs 
resistible to dilution containing low surfactant and oil 
contents were selected for further evaluation, including 
 characterization, drug solubilization capacity, in-vitro 
release study, and stability study. Further in-vivo studies 
related to safety and therapeutic effi  cacy are currently 
being performed.

Materials and methods
Materials
Th e drug used is a synthesized benzimidazole derivative. 
Labrasol ( PEG-6 caprylic/capric triglycerides) and 
Labrafi l M1944LS (decyl polyglucoside) were gift 
samples from Gattefosse (Saint-Priest, France). 
Miglyol 812 (caprylic/capric triglyceride) was 
kindly provided by Sasol Germany  GmbH (Witten, 
Germany). Acconon  MC8-2 (polyoxyethylene 8 
caprylic/capric glycerides) was obtained as a gift 
sample from  ABITEC Corporations (Cleveland,  Ohio, 
USA). Isopropyl myristate, isopropyl palmitate, Tween 
80 (polysorbate  80), Tween 20 (polyoxyethylene 20 
sorbitan monolaurate), oleic acid (OA), ethanol, and 
dialysis tubing cellulose membrane (molecular weight 
cutoff  12 000–14 000 g/mol) were purchased from 
Sigma Chemical Company (St. Louis, Missouri, USA). 
All other chemicals used were of analytical grade.

Methods
Synthesis of benzimidazole derivative

Th e drug under study was prepared by means of two 
steps; the fi rst step was diazotization of 4-(1H-benzo[d]
imidazol-2-yl)aniline (compound 1), which was 
achieved by using hydrochloric acid and sodium 
nitrite at 0 C. Th e second step was the reaction of the 
crude diazonium chloride with acetyl acetone to form 
compound 2. Compound 2 was reacted with hydrazine 
hydrate to form 4-(2-(4-(1H-benzo[d]imidazol-
2-yl)phenyl)hydrazono)pyrazolidine-3,5-dione 
(compound 3), which is the drug under study [18].

Screening of oils for nanoemulsions

Th e solubility of the drug was determined in various 
oils to select the one having the best solubilizing 
capacity. Th e oils used were OA, Miglyol 812, isopropyl 
myristate, isopropyl palmitate, and Labrafi l M1944LS. 
Briefl y, 10  mg of drug and increasing quantities of 
selected oils (0.3 g every 30 min) in 10 ml glass vials 
were shaken at 100 rpm for 12 h in a controlled 
temperature water bath at 37 ± 1 C (Memmert 
GmbH, Schwabach, Germany). Th e solubility of the 
drug was observed visually every hour, and the amount 
of oil needed to give a clear solution under normal light 
when seen with the naked eye was recorded [19,20].

Construction of pseudoternary-phase diagrams

Pseudoternary-phase diagrams were constructed 
by means of the water titration method at ambient 
temperature. Diff erent combinations of surfactant and 
cosurfactant were prepared. For each combination of 
surfactant and cosurfactant, three phase diagrams were 
constructed and the weight ratios were fi xed at 1: 1, 
2: 1, and 3: 1. For each phase diagram at a specifi c 
surfactant: cosurfactant (S: CoS) weight ratio, the ratios 
of oil to the mixture of surfactant and cosurfactant 
were varied: 1: 9, 2: 8, 3: 7, 4: 6, 5: 5, 6: 4, 7: 3, 8: 2, and 
9: 1. Water was then added dropwise and stirred until 
a homogenous dispersion or solution was obtained. 
After each addition the system was examined visually 
and determined as a NE, a crude emulsion, or a gel. 
Th e endpoint of the titration was the point at which 
the solution becomes cloudy or turbid. On the basis of 
the obtained diagrams, appropriate concentrations of 
surfactant, cosurfactant, and oil were selected for further 
investigation and the preparation of drug-loaded NEs.

Infi nite dilution capacity

Th e infi nite dilution capacity of the developed systems 
was assessed visually according to the previously 
reported method [21]. One gram of each formulation 
was added dropwise into a beaker containing 20 ml of 
distilled water maintained at 37 ± 0.5 C stirred using 
a magnetic stirrer at 100 rpm. Only systems forming 
clear NEs within 1 min were selected [21].

Solubility of the drug in nanoemulsions

Th e solubility of the drug in prepared NEs as well 
as its solubility in PBS (pH 7.4) was determined. 
An excess amount of drug (100 mg) was added to 
screw-capped test tubes containing 5 ml of each NE 
or PBS (pH 7.4), and the mixture was mixed well for 
5 min on a vorte x ( JULABO Labortechnik, Seelbach,  
Germany). Th e mixtures were then shaken in an 
isothermal shaker (37 ± 1 C) for 72 h. After reaching 
equilibrium, each tube was centrifuged at 9000 rpm 



168 Egyptian Pharmaceutical Journal

for 60 min, fi ltered through a 0.2 μm Millipore 
(Sigma-Aldrich, St. Louis, USA) membrane fi lter, 
appropriately diluted with ethanol, and the amount 
of drug determined spectrophotometrically at 292 
nm.

Preparation of drug-loaded nanoemulsions

Depending on the constructed pseudoternary-phase 
diagrams and the solubility of the drug, the drug 
was added to the selected mixtures of oil, surfactant, 
and cosurfactant with varying component ratios as 
described previously, and then an appropriate amount 
of distilled water was added to the mixture dropwise 
and the NEs were obtained by stirring the mixtures 
at ambient temperature until clear, transparent systems 
were produced. All NEs were stored at ambient 
temperature.

Characterization of the drug-loaded nanoemulsion

Measurement of droplet size and zeta potential: Th e 
average droplet size, its distribution [characterized 
by polydispersity in dex (PDI)], and zeta potential 
of the NEs were measured using a Zetasizer Nano-
ZS (Malvern Instruments, Worcestershire, UK). Th e 
measurement was taken at 25° C.

Transmission electron microscope: Th e morphology 
of selected NEs was investigated by transmission 
electron microsc opy (TEM, JEM-1 230; Jeol, Tokyo, 
Japan). A droplet of diluted NE was placed on carbon 
fi lm-coated copper grids, negatively stained with a 
drop of 2% (w/w) phosphotungstic acid solution, and 
then allowed to dry for 10 min before examination 
on TEM.

In-vitro drug release studies

In-vitro drug release studies were conducted with 
the dialysis bag diff usion technique using a cellulose 
membrane (12 000–14 000 molecular weight cutoff ). 
Cellulose membranes were soaked overnight in the 
release medium. To the preswollen cellulose membrane 
bags 2 ml of NE was placed, and both ends of the 
bags were tied. Later, dialysis bags were carefully 
placed in beakers containing 100 ml of PBS (pH 7.4) 
with 3% w/v Tween 20 (to maintain sink condition) 
as the release medium and the beakers were rotated 
at 100  rpm for 72  h at 37.0 ± 0.1° C. At specifi c 
time intervals 2 ml of the sample was drawn and 
replaced with an equal volume of the release medium. 
Th e amount of drug released into the medium was 
determined spectrophotometrically. Th e experiments 
were carried out in triplicate. To study the drug release 
pattern, the release data were fi tted to zero, fi rst, and 
second order as well as to the Higuchi model.

Stability study

Th e physical stability of the selected formulations was 
determined through particle size analysis, visual clarity, 
and phase separation. Th e NEs were stored at 25° C for 
60 days and samples were tested at 0, 30, and 60 days 
of storage. Th e tested nanoemulsions were diluted 
100 times with double-distilled water to examine their 
stability.

Data analysis
All experiments were performed three times, and the data 
were expressed as mean ± SD. Th e statistical signifi cance 
of diff erences was determi ned by ANOVA  using SPSS 
(SPSS-11; SPSS Inc., Chicago, Illinois, USA). A value 
of P less than 0.05 was considered signifi cant.

Results and discussion
Screening of oils for nanoemulsions
Th e safety of the selected components for intravenous 
administration was the primary consideration during 
selection. Th e drug may be solubilized in the oily core 
and/or on the interface of these structures; thus, the 
selected vehicles should have a good solubilizing power 
to the drug [22]. Th erefore, the solubility of the drug 
in various oils was tested for proper selection of oil, 
and the results are presented in Table 1. On the basis 
of the obtained data, OA, which showed the highest 
solubilizing eff ect, was chosen for phase diagram study. 
Th e best solubilizing eff ect of OA was previously 
reported [23,24].

On preparing the NE, Tween 20, a nonionic surfactant, 
was chosen, reported to be safe for intravenous 
administration [25] and commonly used in 
pharmaceutical formulations [26]. Labrasol, a medium-
length alkyl chain surfactant, was also selected. Labrasol 
had been used as a pharmaceutical excipient because of 
its high tolerance, low toxicity in animal s, and LD

50
 of 

22 g/kg for rats [27], in addition to its enhancing eff ect 
on the solubilization and absorption of hydrophobic 
drugs [28,29]. Acconon MC8-2 is a polyoxyethylene 
8 caprylic/capric glyceride. Besides its low irritancy 
and toxicity, ethanol being a good solvent for the drug, 
was chosen as the cosurfactant. Also, previous work on 
NE systems had shown that an ethanol cosurfactant 
was necessary to maintain a stable single-phase oil in 

Table 1 Screening of different oils for drug solubilization

Oils Amount needed to  solubilize 10 mg drug (g)

Oleic acid 1.40 ± 0.10

Labrafi l M1944LS 1.50 ± 0.20

Miglyol 812 3.00 ± 0.20

Isopropyl myristate >6.00

Isopropyl palmitate >6.00
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water emulsion [30]. According to earlier reports [31], 
the cosurfactant can lower the interfacial tension of 
the surfactant in NEs, resulting in a more fl exible and 
dynamic layer. Th e drug in this energy-rich system can 
diff use across the fl exible interfacial surfactant fi lm 
between the phases, a thermodynamic process that 
increases partitioning and diff usion. Also, it can reduce 
the required amount of surfactant [24].

Th erefore, OA was selected as an oily core together 
with Tween 20, Labrasol, and Acconon MC8-2 as 
surfactants and ethanol as the cosurfactant. Th e second 
stage of preparing the NEs was the construction of 
pseudoternary-phase diagrams aiming to formulate a 
parenteral NE having the lowest possible surfactant 
content capable of optimum solubilization of the 
lipophilic drug used.

Construction of pseudoternary-phase diagrams
Th e construction of a pseudoternary-phase diagram is 
essential for determining the range of concentrations 

and the ratios of components in the existence region 
of the NE. Pseudoternary-phase diagrams at diff erent 
S: CoS weight ratio (1: 1, 2: 1, 3: 1) are shown in Fig. 1. 
As seen in all cases, compositions containing 20% oil or 
less showed a maximal water solubilization capacity of at 
least 50%. For intravenous administration, NEs should 
be dilutable with water without causing precipitation of 
the drug incorporated during clinical use [32]. Hence, 
the selection of appropriate surfactants is critical for 
preparation of o/w NE loading water-insoluble drugs.

As seen from Fig. 1, generally, the NE region 
relatively increased in size with the higher surfactant 
concentration. In group A (S:  CoS is Tween 20: ethanol), 
the NE region somewhat increased with an increase in 
the S: CoS ratio from 1: 1 to 3: 1 (Fig. 1a). Th is could 
be also seen in group B (S: CoS is Labrasol: ethanol) 
(Fig. 1b) and group C (S: CoS is Acconon: ethanol) 
(Fig. 1c). Th is could be explained by the fact that the 
surfactant stabilizes the o/w interface [33]. However, 
this is more prominent in the case of Tween  20 
(Fig. 1a) at Tween 20: ethanol (3: 1). Th is increase was 

Figure 1

Pseudoternary-phase diagrams consisting of (a) Tween 20 (Twn20), (b) Labrasol, or (c) Acconon as surfactant, oleic acid (OA) as oil, and 
ethanol (Eth) as cosurfactant in different surfactant to cosurfactant ratios of 1: 1, 2: 1, and 3: 1.
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toward the oil–water axis, indicating that by increasing 
the surfactant concentration the maximum amount of 
water and OA that could be solubilized into the NE 
increased. Th erefore, we can say that the presence of 
more ethanol reduced the water incorporation capacity 
and decreased the area of the isotropic region in the 
phase diagrams. Th is agrees with the results obtained 
by Li et al. [34]. Similar results related to the increase in 
NE area and isotropic regions with increasing S: CoS 
ratio was observed by Gao et al. [35] as well.

Selection of formulations
Formulation of NEs occurs at a specifi c concentration 
of oil, water, surfactant, and cosurfactant. Th us, when 
the NE undergoes infi nite dilution upon intravenous 
injection, it is very probable that phase separation may 
occur, resulting in the precipitation of the drug owing 
to its poor aqueous solubility. To avoid such a situation, 
testing the developed NEs for dilution in double-
distilled water was essential. All systems containing 
10% oil or less, except for the system formed from 
Acconon : ethanol 1: 1, showed an infi nite dilution 
capacity. Th erefore, eight systems were selected for 
further investigations, the compositions of which are 
presented in Table 2, each composed of 50% w/w 
aqueous phase, 5% w/w OA, and the ratio of oil to S : 
CoS equal to 10 : 90. Successful systems with the least 
amount of oil to water (10%) were chosen because by 
increasing the concentration of oil the internal phase 
of the developed emulsion might result in progressive 
increase in the viscosity of the system [36], which 
can cause certain diffi  culties during intravenous 
administration. Upon testing for visual clarity, all 
prepared NEs were homogenous in shape, appearing 
as a transparent single-phase liquid having no traces of 
undissolved drug or other solid ingredients.

Solubility of the drug in nanoemulsions
Being microemulsifi ed, solubilization of the drug 
incorporated in the NEs may take place in the oily 
internal phase and/or on the interface of these systems. 
Both the drug loading capacity and the possibility of 
drug precipitation upon dilution are greatly aff ected 
by the phenomenon of drug solubilization at the 
interface  [37]. Th e high loading capacity of NEs 
ensures a concentration gradient suitable to improve 
drug release [38]; therefore, testing the loading capacity 
(saturation solubility) of systems under investigation is 
necessary (Table 3).

Drug loading per formulation is a critical design factor 
that depends on drug solubility in various formulation 
components [39]. Th e solubility of the drug in 
diff erent NE systems ranged from 0.40  ±  0.01 to 

Table 2 Composition of the selected nanoemulsions

Systems Oil Surfactant/cosurfactant

NE1 OA Tween 20: ethanol (1: 1)

NE2 OA Tween 20: ethanol (2: 1)

NE3 OA Tween 20: ethanol (3: 1)

NE4 OA Labrasol: ethanol (1: 1)

NE5 OA Labrasol: ethanol (2: 1)

NE6 OA Labrasol: ethanol (3: 1)

NE7 OA Acconon: ethanol (2: 1)

NE8 OA Acconon: ethanol (3: 1)

NE, nanoemulsion; OA, oleic acid.

Table 3 Solubility of the drug in various nanoemulsions at 37°C

Nanoemulsions Drug (mg/ml)

NE1 0.56 ± 0.03

NE2 0.66 ± 0.03

NE3 0.71 ± 0.12

NE4 0.40 ± 0.01

NE5 0.53 ± 0.03

NE6 0.60 ± 0.02

NE7 0.46 ± 0.01

NE8 0.59 ± 0.02

NE, nanoemulsion.

0.71 ± 0.12 mg/ml, with NE3 attaining the highest one 
(P < 0.05) compared with 0.06 ± 0.01 mg/ml, which is 
the solubility of the pure drug in PBS (pH 7.4). Th e 
solubility study results revealed that the drug is much 
more soluble in the NE systems that are capable of 
increasing their solubility from 6.67-fold to 11.88-fold. 
Th is observed result might be related to the use of a 
surfactant  of higher hydrophilic-lipophilic balance 
(HLB) value (Tween 20 has the highest HLB = 16.7), 
which could enhance the continuous distribution 
and solubilization of the incorporated lipophilic drug 
within the system [40]. Focusing on NE3, NE6, and 
NE8 it can be noticed that generally formulations 
having the highest S: CoS ratio (3: 1) within a given 
system had the highest drug solubilization capacity 
because, as expected, the lower surfactant content in 
the NE systems decreased the solubilizing capacity of 
the NE [35].

Characterization of nanoemulsions
Droplet size is one of the most representative parameters 
to be investigated in the evaluation of NEs and it 
should be ensured that they meet the requirements for 
intravenous administration. Th e results of size analysis 
are presented in Table 4. All NEs exhibited small 
droplet size and PDI, with mean values ranging from 
28.21 to 205.00 nm and from 0.06 to 0.54, respectively. 
PDI is a measure of particle homogeneity and varies 
from 0.0 to 1.0. Th e closer the PDI values to 0, the 
more homogenous the particles. Th e small PDI of the 
developed NE formulations indicates the uniformity 
in the size distribution of the dispersed  glob ules. NE1, 
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NE2, and NE3 had the smallest globule size (P < 0.05) 
compared with the other for mulations (NE4–NE8). 
Th e small-sized NEs of narrow distribution suggest 
that they can be safely taken intravenously, passing 
through capillaries without causing emboli [41,42].

As shown in Table 4, the zeta potential values varied 
from −18.05 to −39.05 mV. It is quiet noticeable that all 
systems showed high zeta potential (>−30 mV) except 
for NE1–NE3, which had slightly lower values than 
the reported one (>−30 mV) required for parenteral 
emulsions  to get full stabilization by electrostatic 
repulsion [43].

TEM was performed for the NE having the highest 
drug solubilizing power within each system (NE3, 
NE6, and NE8). Th e photomicrographs are illustrated 
in Fig. 2. Th e images show the NEs appearing as 
homogenous dark spots almost spherical in shape with 
bright surroundings.

In-vitro release study

Figure 3 shows the drug release profi le from diff erent 
NE systems. It is obvious that within each system 

Transmission electron microphotography of NE3, NE6, and NE8. 
NE, nanoemulsion.

Figure 2

Release profi les of the drug from nanoemulsions (NE).

Figure 3

Table 4 Characterization of nanoemulsions

Systems Particle size (nm) PDI Zeta potential (mV)

NE1 35.26 ± 3.66 0.381 ± 0.006 −20.80 ± 0.00

NE2 28.21 ± 0.00 0.538 ± 0.026 −18.05 ± 1.48

NE3 26.29 ± 2.72 0.331 ± 0.001 −21.85 ± 1.20

NE4 153.00 ± 15.84 0.238 ± 0.018 −39.05 ± 2.05

NE5 114.05 ± 11.81 0.211 ± 0.011 −30.45 ± 0.92

NE6 122.40 ± 0.00 0.086 ± 0.019 −35.30 ± 0.28

NE7 116.55 ± 8.27 0.222 ± 0.024 −35.65 ± 0.35

NE8 153.00 ± 15.84 0.062 ± 0.017 −33.15 ± 0.64

NE, nanoemulsion; PDI, polydispersity index.

increasing S: CoS ratio was accompanied by subsequent 
increase in drug release. Th e systems composed of S: 
CoS ratio 3: 1 revealed the highest drug release profi le; 
for example, among the NEs of group A (S: CoS is 
Tween 20: ethanol) NE3 attained the highest release, 
whereas among the NEs of group B (S: CoS is Labrasol: 
ethanol) NE6 showed the highest release, and NE8 in 
case of group C (S: CoS is Acconon: ethanol). Th is can be 
attributed to the increase in thermodynamic activity of 
the drug in NEs with higher concentration of surfactants 
[28]. Th e thermodynamic activity of the drug in the 
formulation is a signifi cant driving force for the release. 
Th e thermodynamic driving force for release refl ects the 
relative activities of the drug in diff erent phases [44,45], 
as the drug can be released from the internal phase to 
the external phase and then to the release medium. As 
clearly illustrated in Fig. 3, among all NEs, NE6 showed 
the highest percentage of drug release. Besides having 
a S: CoS ratio of 3: 1, which results in an increase in 
drug release as mentioned above, NE6 is formulated 
using Labrasol as a surfactant, which has a well-known 
solubility-enhancing eff ect for hydrophobic drugs [28]. 
As shown in Table 5, all investigated NEs showed be  st 
fi tting to zero-order kinetics (R2 ≥ 0.95), which provides 
an additional advantage of concentration-independent 
drug release pattern.

Stability study
Stability studies of the selected NE formulations were 
performed by subjecting them to visual inspection and 
particle size analysis for 60 days. As illustrated in Fig. 4, 
all tested formulations showed a nonsignifi cant change 
in size (P < 0.05) over the studied period. Moreover, 
visual inspection revealed that the NEs remained 
stable, showing no precipitation or phase separation 
and remained resistable to dilution over the period of 
stability testing.
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Conclusion
Th is study showed the feasibility of preparation of 
safe, stable, and infi nitely dilutable NEs as a suitable 
intravenous delivery system for the drug under study, 
enhancing its solubility and showing a concentration-
independent drug release pattern.
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