
FARMACIA, 2015, Vol. 63, 4 

 518 

ORIGINAL ARTICLE 

INCORPORATION OF NEW BENZIMIDAZOLE COMPOUNDS 
INTO LIPID NANOSTRUCTURES IN ORDER TO OBTAIN 
PHOTOPROTECTIVE FORMULATIONS 
 
IRINEL GRAȚIELA MĂNESCU1, GABRIELA BADEA2*, LUCIAN ISCRULESCU1, MIRCEA 
IOVU1

, TEODORA BALACI1 
 
1“Carol Davila” University of Medicine and Pharmacy, Faculty of Pharmacy, Bucharest, Romania 
2Polytechnic University of Bucharest, Faculty of Applied Chemistry and Materials Science, Bucharest, Romania 
 
*corresponding author: gabriela.badea8@gmail.com 

Manuscript received: December 2014 
 
Abstract 

The exposure to UVA and UVB radiation is responsible for damaging the skin’s natural defence, having mechanism various 
adverse effects, from sunburns to skin cancer. The skin application of cosmetic products that possess photo protective activity 
raises some concerns associated with the toxicity of the synthetic organic UV filters used on market today. Thus, it is 
necessary to develop new photo protective products based on safe to use UV filters. The objective of study was to 
encapsulate several non-toxic benzimidazole derivatives, which absorb in the UVA and UVB domains, into lipid 
nanostructures in order to improve their photo protective action. The developed lipid nanostructures were embedded into 
topical cosmetic emulsions and the obtained preparations were evaluated in vitro for their sun protection factor (SPF). 
 
Rezumat 

Expunerea la radiațiile UVB și UVA este responsabilă pentru afectarea mecanismului natural de apărare al pielii, 
determinând efecte adverse variate , de la eritem solar până la cancer de piele. Aplicarea pe piele a produselor cosmetice cu 
acțiune fotoprotectoare pe domeniile UVA și UVB ridică însă probleme datorită conținutului de substanțe active sintetice 
periculoase utilizate în prezent pe piață. Astfel, este necesară dezvoltarea de noi produse cosmetice pe bază de filtre solare 
sigure în utilizare. Obiectivul studiului a constat în introducerea unor derivați netoxici ai benzimidazolului, care absorb în 
domeniile UVA și UVB, în nanostructuri lipidice pentru a le îmbunătăți acțiunea fotoprotectoare. Nanostructurile lipidice 
dezvoltate au fost încorporate în emulsii dermato-cosmetice cărora li s-a determinat in vitro factorul de protecție solară (SPF). 
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Introduction 

The radiations emitted by the sun are light 
radiations, infrared and ultraviolet radiations (200-
400 nm). These ultraviolet radiations are divided 
into three groups: UVC (200-280 nm), which are 
absorbed into the atmosphere, UVB (280-320 nm) 
and UVA (320-400 nm). Recent studies have 
shown the detrimental effect of ultraviolet radiation 
(UV) in the occurrence of different forms of skin 
cancer [4] and also in premature skin aging [7]. 
UVA and UVB have a role in pathogenic and 
photosensitive diseases but also in photo-allergic 
and photo-toxic reactions to drugs [21]. Protection 
against UV radiation is performed with inorganic 
screens and organic filters. The inorganic filters 
used in industry for the preparation of sunscreens 
are zinc oxide and titanium dioxide, and organic 
filters are salicylic acid derivatives, benzoic acid 
derivatives, camphor derivatives [1] and 
cinnamates [8, 18]. 
Currently, organic UV filters are the most used 
ingredients for the production of sunscreens [3]. 

The organic UV filters are not beneficial to the 
human body because they present estrogenic 
activity and can damage the cellular DNA at the 
skin level [9, 10]. Due to their lipophilic character 
they are bio accumulated in the body and 
contaminate the environment in significant 
concentrations. Thus, it is necessary to develop safe 
organic UV filters that absorb on both domains, 
UVB and UVA. In recent studies, in order to reduce 
the toxicity and the amount of UV filters used in 
cosmetic formulations, UV filters were 
incorporated into nanostructured lipid carriers 
(NLCs). These lipid nanostructures are new 
colloidal systems developed from oil/ water 
emulsions type, where the oil phase was replaced by a 
mixture of solid and liquid lipids. NLCs are submicron 
particles with spherical shape and average 
diameters raging of 40-500 nm that are generally 
used for the delivery of lipophilic compounds. The 
lipid matrix is formed by physiological lipids that 
are not toxic and the production process is 
generally cheap, fast and effective. 
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Several studies used NLCs in order to develop 
photo protective nano-formulations by encapsulating 
organic UV filters such as benzophenone-3 [12], 
oxybenzone [19], avobenzone [16, 17], octocrylene 
[11], and diethylamino hydroxybenzoyl hexyl 
benzoate [2]. 
Benzimidazoles are a large range of biological 
properties [22] but in the present research, 
derivatives of benzimidazole with photo protective 
activity were synthesized. The compounds absorb 
UVB or UVA radiations, having extended 
conjugation throughout the molecule. These 
compounds do not present toxicity [14]. To improve 
their photo protective action benzimidazole 
compounds were incorporated in NLCs developed 
based on rice bran oil. The feasibility of 
benzimidazole derivatives in developing NLCs 
were evaluated in terms of mean particle size and 
zeta potential. They were further formulated into a 
cosmetic emulsion with photo protective effect. 
The photo-protective properties of the developed 
formulations were evaluated in vitro by using 
TransporeTM tape, a plastic material which has a 
non-uniform surface topography similar to that of 
human skin stratum corneum [15]. 
 
Materials and Methods 

Materials 
The synthesis of benzimidazole derivatives was 
performed using commercial reagents (Fluka, 
Merck and Aldrich) phenylenediamine, benzaldehyde, 

Amberlite IR -120, ethanol-water, methoxybenzoic 
acid, acetic acid, formaldehyde, aminobenzoic acid. 
Polyoxyethylenesorbitan monolaurate (Tween 20) 
was purchased from Merck (Germany). Synperonic 
PE/F68 (Poloxamer 188) and L-α-Phosphatidylcholine 
were obtained from Sigma Aldrich Chemie GmbH 
(Munich, Germany). The solid lipids used were: n-
Hexadecyl Palmitate (CP) obtained from Acros 
Organics (USA) and Glyceryl Stearate (GS) from 
Cognis GmbH. The rice barn oil was purchased 
from Elemental SRL (Romania). All the substances 
that were used to obtain the dermato-cosmetic 
emulsion were of pharmaceutical purity. 
Methods  
Synthesis of benzimidazole compounds. The 
benzimidazole derivatives used were: 1-bezyl-2-
phenyl-1H-1,3-benzimidazole (C1), 1-(4-methylbenzyl)-
2-(4-methylphenyl)-H-1,3benzimidazole (C2), 1-(4-
carboxy)-phenyl-2-(4-methoxyphenyl)-H-1,3benz-
imidazole (C3), 1-(4-dimethylamino)benzyl-2 -(4-
dimethylaminophenyl)-H-1,3 benzimidazole (C4). 
Compounds C1 and C2 were obtained by 
condensation of phenylenediamine with 
benzaldehyde and, respective by with toluene 
aldehyde. For the synthesis of 1,2-disubstituted 
benzimidazoles, two-stages operating mode was 
applied: the synthesis of 2-substituted benzimidazoles, 
followed by the application of Mannich base to the 
nitrogen atom at position 1. The progress of the 
synthesis reaction was controlled by HPLC. 

Table I 
Benzimidazole derivatives synthesized 

Symbol Molecular Formula Molecular Mass Yield % Melting Point (ºC ) Wavelenght λmax (nm) Molecular Structure 
C1 C20H16N2 284 93 130 286 

 
C2 C22H20N2 312 90 129 291,6 

 
C3 C22H18N2O3 358 92 167 289 

 
C4 C24H26N4 370 88 135 324 

 
 
Synthesis of benzimidazole-NLC compounds. The 
nanostructured lipid carriers were composed of a 

lipid phase, which consisted in rice bran oil, cetyl 
palmitate, glyceryl monostearate and one of the 
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compounds C1÷4 in ratio of 3:3.5:3.5:1, and by an 
aqueous phase containing in 3.5% surfactant 
mixture (Tween 20:Poloxamer:Phosphatidylcholine) 
in a ratio 4.66:1:1. The preparation method of 
NLCs was the melt emulsification method coupled 
with high shear homogenization method [13]. The 
two phases were separately heated at 85°C while 
stirring. Then, the lipid phase was gradually added 
over the aqueous phase. The emulsion was heated 
under stirring at 85°C for 1 h, and then 
homogenized by applying 25000 rpm for 10 min 
(High-shear homogenizer PRO250, Germany). To 
remove the water, the dispersions were frozen for 
24 h and then lyophilized using a Christ Alpha 1-2 
LD Freeze Dryer (Germany) for 72 h at -55ºC. 
NLCs characterization 
Particle size analysis. The particles size was 
measured by dynamic light scattering (DLS) using 
a Zetasizer Nano ZS system (Malvern Instruments, 
Malvern, United Kingdom). The average particle 
size of nanoparticles in dispersion and the 
polydispersity index (PdI) were measured at 90° 
scattering angle and at a temperature of 25°C. 
Before measurements, the dispersion was diluted 
with deionized water to get an adequate scattering 
intensity. The average diameters and the PdI were 
presented as the average of three measurements. 
Zeta potential analysis. The Zeta potential (ZP) of 
nanostructured lipid carriers was determined by 
measuring the electrophoretic mobility of the 
nanoparticles in an electric field using a Zetasizer 
Nano ZS system (Malvern Instruments, Malvern, 
United Kingdom). The electrophoretic mobility was 
converted into zeta potential using Helmholtz-
Smoluchowski equation. Before measurements, the 
nanoparticles in dispersion were diluted with a 
solution of NaCl (0.9%, w/v) to adjust the 
conductivity to 50 µS/cm. All measurements were 
made in triplicate at 25°C and the average value 
was reported. 
Formulation and obtaining the cosmetic preparations 
For an appropriate formulation of the sunscreen 
preparations a number of issues that might affect 
their efficiency were considered: the amount in 
which the UV filter was incorporated, previously 
processed in NLCs, depending on the absorption 
potential of the UV radiation, and the selection of 
appropriate cosmetic ingredients, taking into 
account the physicochemical characteristics of the 
UV filter agent and the desired cosmetic properties 
of the finished product. 
Considering the physicochemical properties of the 
selected photo protective compounds, including the 
NLCs, and the general methods for preparing the 
ointments – emulsions, the ingredients were 
processed in the form of a cosmetic cream, of 
which the formulation is shown in Table II. 

Calendula extract was used for its antibacterial and 
antioxidant properties [6]. 

Table II 
Qualitative and quantitative composition of the 

photo protective preparations 
Composition Quantity (g) 
Lyophilized nanostructures 1-4 10 
Titanium dioxide  1 
Zinc oxide 1 
Allantoin 0.2 
Calendula extract 1 
Collagen 0.5 
Vitamin A 150.000 UI 
Shea butter 5 
Olive oil 35 
Lanolin 7 
Beeswax 5 
Cholesterol 1 
Cetaceum 3 
Cetyl alcohol 3 
Sodiumhydrogencarbonate 0.2 
Butylhydroxyanisole 0.05 
Phenoxyethanol 0.1 
Perfume q.s. 
Distilled water q.s. 

 
The lipophilic phase consists of Shea butter, 
lanolin, beeswax, cholesterol, cetaceum, cetyl 
alcohol and olive oil. Beeswax, lanolin and 
cholesterol are natural products which act as 
emulsifying agents. Lanolin presents a remarkable 
emollient capacity and ideal emulsifying properties. 
Sodium hydrogen carbonate causes the formation of 
alkali soaps which serve to stabilize the emulsion. 
Butylatedhydroxyanisole is an antioxidant and 
phenoxyethanol is an antimicrobial agent. 
Cosmetic qualities, moisturizing, nourishing and 
healing have been improved by adding allantoin, 
vitamin A, calendula extract and collagen. 
Fatty components and zinc oxide were melted 
together on a water bath at a temperature of about 
60-70ºC. The aqueous phase in which titanium 
dioxide was dispersed, was heated separately at a 
temperature slightly higher than that of the lipid 
phase, and then they were gradually brought 
together while stirring. The obtained emulsion was 
cooled to a temperature of 30ºC, temperature that 
allowed the incorporation of NLCs, collagen, 
vegetal extract, vitamin and perfume. Throughout 
the preparation, an important role was played by the 
stirring, which ensured a stable and homogeneous 
formulation. The cosmetic preparations were stored 
in appropriate conditions, in tightly closed boxes 
and in a cool place, away from light. 
Quality control of the photo protective preparations 
The quality control consisted in the following 
determinations: 

• the organoleptic control: appearance, 
colour, smell, finesse, adhesion - was 
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performed according to FRX guidelines 
and literature data; 

• evaluation of sensory characteristics. The 
use of inorganic UV filters in formulating 
photoprotective products causes undesirable 
sensorial characteristics: visible white film 
on the skin surface, unpleasant sensation 
upon application, skin drying. Therefore, it 
is necessary to evaluate the characteristics 
of the obtained cosmetics. 

Pharmacotechnical control 
The pH determination of the samples was carried 
out in an aqueous phase, which was obtained by 
shaking the cream into adequate water content. 
Determination of the display capability using the 
extensiometric method 
The determination was performed to check the 
spread-ability of the preparation on the skin or 
mucosa. This analysis determines the deformation 
ability of the preparation when several forces are 
acting on it, by using Ojeda Arbussa method. 
The evaluation of the viscosity was performed 
using a RC 1 rheometer (Rheotec, Germania), by 
determining the shear stress. Rheological 
measurements were performed in accordance with 
the instructions set out in the technical specification 
of the apparatus. Shear speed was increased 
progressively (10 speed steps). The variation of the 
viscosity was measured and recorded, and the shear 
stress with increasing shear speed, respectively. 
Determining the degree of hydration by 
corneometer method 
The measuring principle of the Corneometer CM 
825 is based on the capacitance measurement of a 
dielectric medium. Any change of the dielectric 
constant due to variation of the skin surface 
hydration alters the capacitance of a condenser. The 
reproducibility of the measurements is very high 
and the measurement time is very short (one 
second). Practically, the technique is used to 
measure the difference in the hydration of the 
stratum corneum before and after the application of 
a cosmetic treatment on the skin. The test was 
performed on three areas of the skin, which were 
different by treated (zone 1 –blank - without any 
cosmetic product, zone 2 – base emulsion and zone 
3 – the obtained emulsion with active ingredients) 
at room temperature. Before measurements, there 
was an adaption time to room conditions without 
covering the areas with clothes. All the measured 
values were expressed as mean average of 10 
records. The measurements were made exactly in 
the same places. There is a change of hydration 
status depending on location. The measuring place 
was at the middle of the forearm. The corneometer 
was used and calibrated at the value of the baseline 
for each part of the skin portion before applying the 

preparations. In the first 30 minutes after 
application, the water content is usually higher than 
normal. Measuring water content at this time can lead 
to errors. The following readings were performed at 
60 minutes, 120 minutes and 240 minutes. 
Evaluation of the photo protective properties 
In vitro determination of SPF (sun protection 
factor) 
Studies have shown that the results of the photo 
protective properties determinate in vitro were 
similar with those measured in vivo. In this study, 
the SPF was determined in vitro according to the 
methodology of Diffey-Robson [5], using an UV- 
VIS Spectrometer V670 apparatus (Jasco) equipped 
with integrating sphere and adequate software. The 
method is based on measuring the transmittance of 
radiation transmitted by the sample deposited on 
the substrate (2 mg/cm2), by recording the 
photocurrent from 5 to 5 nm on 290-400 nm (UVB, 
UVA). The sample under analysis consists in the 
prepared cosmetic emulsion in which the 
lyophilized NLCs loaded with UV filters were 
added. The cosmetic preparations were applied to a 
synthetic skin (Transpore tape) and subjected to 
spectrophotometric analysis in six different points. 
The average recorded values were used to calculate 
the SPF, according to the equation [19]: 

 
where Eλ is the spectral irradiance of terrestrial sun 
light under defined conditions; Bλ is the erythema 
effectiveness; MPFλ is the monochromatic 
protection factor for each wavelength increment 
(the ratio of the detector signal intensity without 
formulation applied to the substrate to that with 
applied formulation to the substrate). 
In vitro determination of UVA-PF (UVA- 
protection factor) 
In vitro determination of the UVA-PF of the 
cosmetic product was made starting from the 
method used to measure the SPF [19]. UVA-PF 
represents the efficiency of the formulation to 
absorb the UVA radiation and is calculated 
according to the equation [20]: 

 
 
Results and Discussion 

Characterization of lipid nanostructures 
Nanostructured lipid carriers loaded with 
benzimidazole derivatives having average sizes of 
207-240 nm and polydispersity index (PdI) of 
0.235-0.371 were obtained (Figure 1). The best 
results were found for NLC 1 (207 nm), which 
present relatively homogeneous populations of 
nanoparticles reflected by a PdI of 0.25. This fact is 
attributed to the lower molecular weight of the 

SPF =Σ ΕλΒλ / Σ (ΕλΒλ)/ΜPFλ	  

UVA-PF = Σ ΕλΒλ / Σ (ΕλΒλ)/ΜPFλ 
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compound C1 in relation to the other three 
synthesized compounds. In the case of NLC 2 and 
NLC 3, they present bigger sizes and PdI values 
higher than 0.36, which reflects polydisperse 
populations of nanoparticles that in time can cause 
a decrease of the stability of the colloidal system 
formed due to phase separation phenomena. 

 
Figure 1. 

Mean particle size (nm) and PdI of benzimidazole-
lipid nanostructures in dispersion 

 
Figure 2. 

Benzimidazole-lipid nanostructures stability 
evaluated by zeta potential values 

 
The physical stability of benzimidazole-NLCs was 
evaluated by determining the zeta potential (ZP), 
which reflects the electric charge on the particle 
surface (Figure 2). Particles with ZP values more 
negative than -30 mV are considered to possess a 
moderate stability, while ZP values more 
electronegative than -40 mV in generally represent 
a sufficient electrostatic repulsion that provides a 

good physical stability. NLC 1 and NLC4 have a 
moderate stability with values bigger than -37 mV 
(Figure 2). NLC 2 and NLC 3 show ZP values more 
electronegative than -50 mV, thus, this electric 
charge can assure a good physical stability over 
time. 
In vitro determination of the photo protective 
properties 
The UV absorption properties of the non-
encapsulated benzimidazole derivatives formulated 
into an emulsion which formulation is shown in 
Table II with a concentration of 6.9% C1-4 
compounds as UV absorber (Figure 5a) were 
compared with the UV absorption properties of the 
encapsulated benzimidazole derivatives into 
lyophilized lipid nanostructures, having the same 
concentration of C1-4 compounds (Figure 5b). 
Figure 6a and 6b illustrates their corresponding 
SPFs and UVA-PFs, the formulations containing non-
encapsulated (free) and encapsulated benzimidazole 
derivatives into lipid nanostructures, respectively. It 
can be observed that C1, C2 and C3 compounds 
have a low absorption in the UVB domain (290 - 
320 nm) and among these compounds; C3 presents 
the highest absorption in this domain. Only the 
benzimidazole derivative C4 shows a slight 
absorbance in the UVA domain (320 - 400 nm). 
These compounds formulated into an emulsion do 
not present significant photo protective properties 
having SPFs ranging between 1.5 and 2.1, and 
UVA-PFs of about 1. By encapsulation into lipid 
nanostructures, the resulted formulations based on 
benzimidazole compounds present an increase in 
the ultraviolet absorption in the UVB domain for 
NLC 1 - 3 and in the UVB and UVA domain for 
NLC 4. Thus, the photo protective properties of the 
benzimidazole derivatives encapsulated into 
lyophilized NLCs are improved having higher SPF 
values (from 2.7 to 5.8) and UVA-PFs (around 2). 
Even though, this increase does not lead to the 
obtaining of efficient sunscreen products, their UV 
absorption properties being insufficient for assuring 
a good skin photo protection. 

 

 
Figure 3. 

Superposed absorption spectra of a) emulsions containing benzimidazole compounds C1-4 and 
b) lyophilized lipid nanostructures (NLCs) loaded with C1-4 
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Figure 4. 

UV protection factors of non-encapsulated (free) and encapsulated benzimidazole compounds into lipid 
nanostructures: a) SPF values and b) UVA-PF values 

 
In order to offer high SPF with values over 15, the 
commercially available sunscreen products contain 
more than one organic UVB and/or UVA filter 
coupled with an inorganic filter. In this sense, the 
benzimidazole – lipid nanostructures were further 
incorporated into a cosmetic preparation containing 
zinc oxide and titanium dioxide as inorganic UV 

filters. The composition of the cosmetic preparations 
is presented in Table II. The UV absorption spectra 
and the UV protection factors of the preparations 
containing lipid nanostructures are shown in Figure 4. 
It can be observed that all four formulations offer a 
high and broad photoprotection on both UVA and UVB 
domains with SPF values over 60 and UVA-PF over 45. 

 

 
Figure 5. 

a) Superposed absorption spectra and b) UV protection factors of the cosmetic formulations containing 
benzimidazole-lipid nanostructures 

 
Properties evaluation of the cosmetic formulation 
based on benzimidazole-NLC 
The obtained cosmetic formulations showed a 
homogeneous appearance, with white to yellowish 
colour and a pleasant smell. All these properties are 
making the emulsion attractive and pleasant for 
skin application. These characteristics remained 
unchanged during storage. The formulations 
presented a pH of 6, immediately after preparation, 
and 6.2 after 30 days. Thus, the pH falls within the 
limits of FRX. These values are compatible with the 
skin pH and do not causes skin irritation at application. 
The spreadability control results are shown in 
Figure 6. It is found that in all cases the ability to 
display increases with increasing the added weights 
and by increasing the area of application a better 
display ability of the formulations is obtained. It 
was also observed that the encapsulation of the 
photo protective compounds inside the lipid 
nanoparticles had a slightly influence on the 
consistency of the cream by comparing with the 
blank preparation. 

 

 
Figure 6. 

Surface spreading of cosmetic formulations 
containing benzimidazole-lipid nanostructures 

 
The viscosity control results are shown in Figure 7. 
By analysing the obtained rheograms, it was found 
that the benzimidazole derivatives incorporated into 
NLCs did not significantly influence the viscosity 
of the final formulations. The blank cream 
presented lower values of the viscosity when 
compared to those of the creams containing the 
photo protective compounds. By increasing the shear 
speed, the viscosity of the cosmetic formulations 
has decreased (pseudo plastic flowing). 
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Regarding the hydration degree, it was obtained 
that all the five formulations (one blank and four 
NLCs-based creams) exhibited a hydration effect 
from 55% (control skin, untreated) to 74-89 %. 
There were no significant differences between the 
NLCs-based creams. 

 

 
Figure 7. 

Variation of viscosity cosmetic formulations [Pa 
sec] (cosmetic formulation containing photo 
protective compounds and blank cosmetic 

formulation) depending on shear speed [1/sec] 
 
Conclusions 

The encapsulation procedure into lipid 
nanostructures has led to an improvement of the 
UV absorption properties of the benzimidazole 
compounds. Starting from the lyophilized 
benzimidazole-lipid nanostructures, efficient 
cosmetic formulations with broad photo protective 
properties were obtained by using the new 
benzimidazole compounds as organic UV filters, 
metal oxides as inorganic filters, and vegetable 
extracts, oils and other ingredients with emollient, 
sedative and moisturizing effect. The obtained 
cosmetic formulations have proved qualities for 
skin application possessing suitable physicochemical 
characteristics (pH, viscosity) and spreadability. 
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