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A B S T R A C T   

Hydroxyzine HCL (HHCL) is an antihistamine, used for the treatment of allergic skin conditions. The purpose of 
this study was to achieve a dual phase drug delivery rate across the intact skin, to enhance HHCL permeation 
through the stratum corneum, to assess the peripheral H1-antihistaminic activity and the extent to which HHCL 
was systemically absorbed from transdermal gel loaded with solid lipid nanoparticles (SLNs), as well as to avoid 
its extreme bitterness. According to 23 factorial design, eight formulations of HHCL-SLNs were prepared by the 
double emulsification method. Lipid type (XA), surfactant concentration (XB) and co-surfactant concentration 
(XC) were the independent variables. All formulations were characterized for their surface morphology, particle 
size, entrapment efficiency and in-vitro drug release study. The optimized formula that provides greater desir-
ability was then incorporated into the transdermal gel. In addition, the efficacy of the developed gel was tested 
in-vivo using 2,4-Dinitrochlorobenzene induced atopic dermatitis as lesion model in mice. F4 showed an average 
diameter 111 nm ± 0.03, zeta potential − 30 MV ± 2.4 and EE 75.2% ± 4.4. TEM images showed spherical, 
smooth morphology with uniform particles distribution. In-vivo study demonstrated potent antipruritic efficacy 
of transdermal gel in atopic dermatitis such as induced lesions compared to HHCL gel. Hence, HHCL solid lipid 
nanoparticles transdermal gel may be considered as potential for delivery of HHCL and alternatively to tradi-
tional oral use.   

1. Introduction 

The transdermal drug delivery system (TDDS) has attracted exten-
sive attention due to its tremendous advantages. On one hand, it is 
capable to escape undesirable metabolism both in the gastrointestinal 
tract and in the liver after traditional oral administration, not only 
producing a tunable drug release, but also allowing enhanced drug ab-
sorption, eventually leading to boost drug bioavailability. On the other 
hand, TDDS also possesses numerous benefits compared to the paren-
teral administrations, particularly the painless and easily operated self- 
administration process with higher patient compliance [1]. However, 
the efficacy of the transdermal drug delivery in maintaining a thera-
peutic level depends on the ability of the drug to penetrate the skin in 
adequate amounts. The barrier nature of the stratum corneum (SC) is a 

major challenge that restricts the entry of most drugs via the trans-
dermal route. Many transdermal methods have been tried to achieve 
greater transdermal permeability in order to overcome the barrier of SC. 
These techniques are designed for a longer period to deliver the drug, 
nanotechnology has developed an attractive niche research in trans-
dermal drug delivery [2]. Among all colloidal carriers, solid lipid 
nanoparticles (SLNs) have emerged as an alternative colloidal carrier 
due to their advantages such as enhanced physical stability, good 
tolerability, ease of scale up and growth. SLNs have recently been widely 
used for the distribution of skin due to their safe interaction with skin 
layers and improved skin permeation [3]. 

SLNs consist a colloidal solid lipid core matrix which is stabilized and 
emulsified by a surfactant in an aqueous medium. They are distin-
guished by high drug entrapment efficiency (EE), smaller particle size 
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and large surface area [4]. Most lipids used in approved status are ex-
cipients used in pharmaceutical formulations or in commercially avail-
able topical cosmetic. The occlusive effect was due to the formation of a 
film on the skin surface, which decreases the loss of trans-epidermal, 
with respect to their use, as the carrier of topical applications. 
Increasing the content of water in the skin will enhance the appearance 
of healthy human skin and reduce atopic eczema symptoms. Occlusion 
can also enhance the penetration of drugs into the stratum corneum 
increasing hydration. Small SLN particle sizes ensure that the nano-
particles are in close contact with the stratum corneum, thereby 
increasing the number of encapsulated agents that penetrate the viable 
skin. Due to the solid lipid matrix, a controlled release of drugs from 
SLNs could be observed. This becomes an important tool, when the drug 
produces irritation in high concentrations, reduces systemic absorption, 
and when the drug must be supplied for an extended period [5]. 

Hydroxyzine hydrochloride (HHCL) is a member of the piperazine 
class of H1, receptor antagonists, which used for purities secondary to 
allergic conditions such as chronic urticaria or atopic or contact der-
matoses, and in histamine-mediated pruritus. In addition, it is used for 
its sedative effects before and after general anesthesia. It has strong 
anxiolytic and mild anti-obsessive as well as antipsychotic properties 
due to its antagonistic effects on several receptor systems in the brain 
[6]. Furthermore, the drug possesses antispasmodic, sedative, 
anti-emetic and anticholinergic properties [7]. Atopic dermatitis are 
always associated with sever itching behavior [8]. Itching is a complex 
behavior that is related to different mediators, including IL-4, substance 
P and histamine [9]. IL-4 plays a pivotal role in the pathogenesis of 
atopic dermatitis. Over expression of IL-4 induces severe itchy derma-
titis [10]. Moreover, the itchy behavior of the disease could be damp-
ened using IL-4 antibody dupilumab [11]. Substance P is one of the 
important itch mediators. Patients with contact dermatitis exhibit 
elevated level of substance p [9]. It has been reported that aprepitant, a 
substance P receptor antagonist suppresses itch behavior in experi-
mentally induced atopic dermatitis [12]. The substance p induced itch is 
histamine dependent where substance P intradermal injection provoked 
histamine release from mast cells. Consequently, antihistaminic may 
control substance P induce itch [13]. Histamine is a potent pruritogen 
secreted from mast cells in response to IgE binding allergens. Antihis-
tamines are usually used in diseases whose irritable symptom is itch such 
as atopic dermatitis. HHCL has therapeutic activities appeared within 
15–30 min, when taken by the traditional route, it is rapidly absorbed 
from the GI tract, after 2 h, maximal therapeutic activities occur, with an 
average duration of action of between 3 and 4 h [14], hence, it needs 
dose repetition to cover longer therapeutic effect. 

The current research aimed to develop HHCL loaded SLNs trans-
dermal gel, enhancing its permeation through the stratum corneum 
reaching the lower epidermal layers, as well as can successfully inhibit 
the action of histamine. In addition to, achieve a dual phase drug de-
livery rate across the intact skin, giving a higher concentration of drug 
with an immediate effect after application, followed by a sustained 
release rate to control the inflammation for a long period of time. 
Furthermore, to avoid its reported extreme bitterness [15], and to assess 
the peripheral H1-antihistaminic activity. SLNs seem to be well suited 
for use on damaged or inflamed skin because they are based on 
non-irritating and non toxic lipids. Also, SLNs can increase the water 
content in the skin made by its occlusive effect that can reduce the 
symptoms of atopic eczema and improve the appearance of healthy 
human skin. 

2. Materials and methods 

2.1. Materials 

Hydroxyzine HCL (HHCL) has been kindly gifted by (C.I.D Company, 
Cairo, Egypt). Dialysis membrane-70; Himedia; molecular cutoff weight: 
10,000–12,000 DA; pore size: 2.4 nm. Cholesterol (Chol), Tween 80, 2,4- 

Dinitrochlorobenzene powder and acetone (FlukaBiochemika Company 
and Sigma Aldrich, Germany), glyceryl dibehenate (GDB), i.e. Compri-
tol®888 ATO(Gattefosse, France). Soybean lecithin and Carbopol 934, i. 
e. CP934 (Merck Schuchardt Hohenbrunn, Germany). Polyvinyl alcohol 
(PVA) was kindly supplied from the (Egyptian Italian Company for 
General Service, Egitalco, Cairo, Egypt) and all other solvents had the 
purest analytical grade. 

2.2. Experimental design 

To optimize the formulation of HHCL-SLNs, a full factorial design 
(23) was adopted. Defining the core properties of nanomaterials is 
relevant to its biological activity, and to minimize its toxicity. While, the 
bio-physicochemical interface of the nanoparticles determines its bio-
logical identity, the size/shape and surface characteristics may reveal 
important insights into nanoparticles. Different independent variables 
were used to study their effect on nanoparticles, which were, the lipid 
type (XA), the surfactant concentration (XB), and the co-surfactant 
concentration (XC) were the key independent variables that affected 
the properties of SLNs in the target formulation according to preliminary 
experiments. Levels have been determined for each variable as pre-
sented in Table 1. All the data were calculated three times in this study 
and identified as mean ± standard deviation (SD). The aim of the design 
was to study the combined influence of these variables on the following 
response parameters: Particle size (PS) (YA), entrapment efficiency 
percent (EE%) (YB) and percent of dissolved drug (%Q) (YC). Eight 
experimental runs were prepared in triplicate. To determine the rela-
tionship between independent variables and dependent variables, three- 
dimensional (3D) surface plots and one factor effect were plotted. The 
desirability function of particle size was at the minimum level, while the 
EE% and %Q were at the highest level used to optimize the formulation. 
The optimal formulation was determined by P-value and the predicted R 
values and the variance analysis (ANOVA) were derived to validate the 
optimal formulation. Use Design-Expert 8.05 software to calculate and 
interpret data (Stat-Ease. Inc., Minneapolis, Minnesota, USA) [16]. 

2.3. Formulation of HHCL-SLNs 

HHCL loaded SLNs were prepared using the double emulsification 
method of w/o/w type [17].The used technique is combined with the 
melt dispersion technique, at which the use of an organic solvent, which 
can present toxicological problems, is avoided. This approach depends 
mainly on the solubilization of the drug to be encapsulated in the w/o/w 
double emulsion internal aqueous phase, along with stabilizer capable of 
avoiding drug leakage during solvent evaporation to the external phase 
[18], the stepwise methodology is given in Fig. 1 [19]. HHCL (5 mg) was 
dispersed in aqueous solution to produce aqueous phase. Specific 

Table 1 
Design matrix with the investigated process variables and their levels.  

Formula Code XA XB (mg) XC (%) 

F1 GDB 50  2 
F2 GDB 50  4 
F3 GDB 100  2 
F4 GDB 100  4 
F5 Chol 50  2 
F6 Chol 50  4 
F7 Chol 100  2 
F8 Chol 100  4 
Variables level -1 þ 1   
XA GBD Chol   
XB (mg) 50 100   
XC (%) 2 4   

*Amounts of HHCL and PVA were kept constant in all formulations of 50 mg and 
2%, respectively. 
*XA: Lipid type (Chol or GDB), **XB: Surfactant concentration (Lecithin 50 or 
100 mg), ***XC: Co-surfactant concentration (tween 80, 2 or 4%) 
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amount of lecithin (50 or 100 mg) and 10 mg Chol or GDB was melted 
(oil phase). Aqueous phase and oil phase was emulsified using high 
shear homogenizer (Yekeey, China), for 20 min at 15,000 rpm to 
produce white cloudy primary emulsion (W/O). The resulting primary 
emulsion was then poured into 2% aqueous PVA solution as external 
stabilizer, at room temperature, and then 2% or 4% Tween 80 was 
added. It further emulsified by homogenization at 15,000 rpm using a 
high-shear homogenize for 15 min to form a double emulsion 
(W1/O/W2) [20].To promote the rapid lipid solidification, the double 
emulsion was added to 35 ml of water at 2 ◦C under magnetic stirring 
(400 rpm) for 5 min. The composition of the prepared HHCL loaded 
SLNs is shown in Table 1. 

2.4. Characterization of the prepared HHCL-SLNs 

2.4.1. Particle size (PS) 
Zetasizer (Malvern Series ZS90, Malvern Co., UK) was used, 

samples (n = 3) were analyzed for size, polydispersity index and zeta 
potential after enough dilution [21]. 

2.4.2. Surface morphology 
The morphology of HHCL loaded SLNs, including shape and surface 

was examined using TEM (JEM-2100; JEOL, Japan). At this stage, the 
sample was diluted with double distilled water and then placed on 
copper grid that was coated with carbon. It was then negatively stained 
by applying one drop of an aqueous solution of phosphotungstic acid 
(1% w/v). The excess staining solution, washed off the filter paper and 
allowed to dry at room temperature [23] then investigated at 100 kV. 

2.4.3. Entrapment efficiency (EE%) 
To isolate the un-entrapped drug from HHCL-SLNs, 2.5 ml was sub-

jected to ultracentrifugation, using cooling ultracentrifuge (Sigma 3-30 
KS, Sigma Laborzentrifugen GmbH, Germany), at 14,000 rpm and at 
4⁰C for 1 h. The supernatant was subsequently filtered by 0.22 µm mil-
lipore membrane filter and analyzed by UV-Vis spectrophotometric 
method (SHIMADZU-1700 UV, Japan, UVPC personal spectroscopy, 
software version 2.32) for unentrapped drug at 231 nm [21]. These 
procedures were done in triplicates. The Percent efficiency of entrap-
ment was measured using the following formula: 

%EE =
Total drug amount − unentrapped drug amount

Total drug amount
× 100  

2.4.4. In-vitro drug release study 
The in-vitro release of HHCL from the prepared SLNs was examined 

using the dialysis bag process which was then placed into dissolution 
apparatus type II. Prior to conducting the experiment, the dialysis 
membrane was soaked with PBS (pH 7.4) for 12 h. 

The dialysis bag containing a volume of SLNs (containing 0.5 mg 
HHCL) dispersion was immersed in 500 ml of pH (pH 7.4) PBS at a 
temperature of 37 ± 0.5 ºC and stirred at 80 rpm for 48 h. 

At regular intervals, 5 ml samples were taken and replaced with an 
equivalent amount of fresh PBS to keep the volume of the release me-
dium constant. The collected samples were analyzed spectrophotomet-
rically at 231 nm [22]. All release experiments have been carried out in 
triplicate. 

2.5. Preparation of HHCL-SLNs loaded transdermal gel 

The gel was prepared using the optimized HHCL loaded SLNs giving 
the greater desirability according to the previously described experi-
mental design. CP 934 (0.5% w/w) was used as the gelling agent. The gel 
was obtained by dispersion of the gelling agent under stirring in water. 
Then, the optimized prepared dispersion of SLNs was then applied to the 
obtained gel and homogenized at 800 rpm (Velp Scientifica, Italy). To 
obtain a transparent gel, three drops of 50% Triethanolamine were 
added and then stored at 4 ◦C before use [24]. 

2.6. Characterization of the prepared HHCL-SLN transdermal gel 

2.6.1. Determination of color, clarity and pH 
Color and clarity were tested visually to the prepared gel. While, the 

pH was measured using a pH meter (JENCO, 6173, USA) [24]. 

2.6.2. Drug content 
It was necessary to achieve a consistent distribution of the active 

ingredients in order to achieve uniform dosage. The drug content was 
determined by taking 1 gm of the prepared gel and diluting it with 
mixture of phosphate buffer pH 7.4: ethanol. The concentration of HHCL 
was measured at 231 nm using a UV-Visible spectrophotometer after 
filtration through Millipore filter (0.45 µm). Triplicate and recording 
were done with the same procedure [24]. 

2.6.3. Rheological studies 
The rheological character and viscosity measurements of the pre-

pared gel were carried out in triplicate at 25 ± 0.5 ◦C, using Brookfield 
digital Viscometer (Model DV-III, cone- CP52, USA). Different shear 

Fig. 1. Preparation of SLNs using double emulsion method.  
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rates were determined for 0.5 ml aliquots of the gel formula. In the 
10–100% range, as specified in the Brookfield instruction manual, the 
spindle speed was set to provide the highest percent torque value. The 
spindles No: 52 and 10 rpm was used for the viscosity analysis [24]. 

2.6.4. Mucoadhesive strength 
The mucoadhesive power of the prepared gel can be evaluated by 

calculating the force required to remove rat skin from the prepared gel. 
The TA.XT Plus Texture Analyzer (Stable Micro Systems, UK) was used 
with a 50 N load cell fitted with mucoadhesive holder. The rat’s freshly 
excised skin was applied to the upper instrument probe. The skin was 
immersed for 5 min at PBS, pH of 7.4 at 37 ◦C. A fixed quantity of gel 
was held upon the skin. At a speed of 1 mm/s, the upper probe (P 0.5 
Perspex, θ: 12.5 mm) was then lowered to reach the gel surface. For 
150 s, a force of 0.2 N was used in order to maintain intimate interaction 
between the membrane and the gel. Detachment force was calculated 
(n = 3) to evaluate the transdermal gel formula’s mucoadhesive po-
tential [25]. 

2.6.5. Ex-vivo permeation study 
The animal studies were approved by the Ethics Committee of Fac-

ulty of Pharmacy, Kafr Elsheikh University, accepted the research pro-
tocol and animal use. Fresh rat skin collected from the local 
slaughterhouse has been carefully removed and preserved in normal 
saline. The ex- vivo skin permeation experiments were conducted to 
evaluate the skin permeation parameters of HHCL-SLNs loaded trans-
dermal gel compared with HHCL solution. Modified Franz diffusion 
cells, (Microette Plus, Hanson Research, CA, USA) were used to study 
HHCL permeation (0.785 cm2 diffusional area and receiver chamber, 
12.0 ml capacity). Phosphate buffered saline (PBS, 12.0 ml, 7.4-pH) 
filled in the receptor compartment followed by the stirred with a mag-
netic bar. The receptor compartment was maintaining a constant tem-
perature (37.0 ± 1.0 ⁰C). A volume of the SLNs gel (equivalent to 0.5 mg 
HHCL) was applied to the donor chamber under continuous stirring 
(50 rpm). Samples were collected at specific time intervals and filtered 
through a 0.45 µm pore filter and analyzed spectrophotometric at 
231 nm [26]. The study was performed in triplicate, and the release 
profile was constructed from the mean % drug permeated ± SD versus 
time. HHCL steady-state flux (Jss) in μg/cm2 /h was estimated from the 
slope of the plot obtained by plotting the cumulative amount of the drug 
permeated versus time. The permeability coefficient (KP) cm/h was 
evaluated by dividing the flux by the initial drug load (Co). 

2.6.6. Stability Study 
The samples were stored for 3 months (n = 3) at controlled room 

temperature (25 ± 1 ◦C), the refrigeration temperature (4–8 ◦C) and the 
relative humidity was maintained at 75 ± 5% sodium chloride saturated 
solution. The gel was processed in clean, dry, airtight, moisture proof 
glass vial sealed with rubber caps and held away from light for 1, 2 and 3 
months. Every month, the stability of the optimized SLN gel formulation 
was evaluated for any change in: appearance, surface pH, PS, EE %, 
detachment force, viscosity and drug flux compared to zero time 
formulation [27]. 

3. In-vivo study 

3.1. Animal protocol 

Ethics Committee of Faculty of Pharmacy, Kafr Elsheikh University, 
accepted the research protocol and animal use. In complying with the 
arrive guidelines, experimental procedures have been carried out in 
conjunction with the United Kingdom. 

Animals (Scientific Procedures) Act, 1986 and related rules, EU 
Directive 2010/63/EU on animal experiments. 40 male mice weighing 
between 20 and 25 gm were bought from the National Research Center 
(Dokki, Giza, Egypt). All the animals in sawdust bedding cages were 

housed in a pathogen free facility. The environmental conditions inside 
the animal house were retained at [25 ± 2 ◦C] with 50% relative hu-
midity and 12 h light: dark period. All mice had ad libitum access to 
standard rodent chow and filtered water [28]. 

3.2. Study design 

2,4-Dinitrochlorobenzene (DNCB) was used to induce atopic 
dermatitis like lesion. The animals back were shaved, and then allocated 
into four groups as shown in Table 2. One day later, 100 µl of 1% DNCB 
was dissolved in a mixture of olive oil / acetone (1:3 v/v), and were 
added to the dorsal skin of all mice, except the control group (1st group) 
that treated with vehicle (a mixture of olive oil / acetone, 1:3 v/v). On 
the 6th day of the experiment, animals except those in 1stgroup were 
exposed to 100 µl of 0.2% DNCB in olive oil / acetone (1:3 v/v) three 
times a week for 3 weeks to challenge the induction of atopic dermatitis 
lesion. 3rd group was subjected to be treated with HHCL gel (i.e, pure 
form of the drug prepared in 0.5% CP 934) in a dose of 18 mg/kg [28]. 
While, HHCL loaded SLNs transdermal gel (18 mg/kg) was applied to 
the 4th group daily. The selected the dose of HHCL in this study was 
chosen based on the human HHCL oral dose that is used in the atopic 
dermatitis treatment. To calculate the exact dose, the oral dose used in 
atopic dermatitis (25 mg q.i.d) i.e 100 mg/day was converted to animal 
dose using the following equation: 

Animal Dose
(

mg
Kg

)

= Human Dose
(

mg
Kg

)

x 12.3 

[28]. 
On the 29th day of the experiment all animals were sacrificed and 

skin samples were collected, all mice were anesthetized with diethyl 
ether and then euthanized by cervical dislocation. Dorsal skins of mice 
were removed carefully using a razor blade. The obtained skin tissues 
were divided into two parts. One portion was fixed in 10% formalin and 
further prepared for histopathological analysis. The second part was 
used to prepare 10% skin homogenate in cold PBS (pH7.4). The ho-
mogenate of each sample was centrifuged at 6000 rpm, 20 min and 4 ◦C. 
Aliquots of the collected supernatant were used for biochemical analysis 
and protein content evaluation using a standard kit (Wokea Medical 
Supplies, Changchun, China). Samples were preserved at - 20 ◦C until 
analysis. 

3.3. Assessment of antipruritic effect of HHCL-SLN transdermal gel 

To detect the antipruritic effect, the time spent by mice rubbing their 
hind paws on their dorsal skin was assessed, and this assessment lasted 
for 10 min during the last week of the experiment. 

3.4. Assessment of HHCL transdermal gel effect on IL-4 /substances P 

The dorsal skin contents of IL-4 and substance P were measured 
according to ELISA kit instructions (My biosource San Diego. USA. Cat 
No. MBS268288 and My biosource San Diego. USA. Cat No 
MBS723621). The results were then normalized to the total amount of 
protein in each sample. The method stated in [29], was used to assay 
total protein. 

Table 2 
Mice distribution among the different groups.  

1st group Control (mixture of olive oil / acetone, 1:3 v/v) 
2nd group DNCB (in a mixture of olive oil / acetone, 1:3 v/v) 
3rd group HHCL gel (0.5% CP 934) 
4th group HHCL-SLN transdermal gel  
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4. Histopathological examination of skin tissues 

Specimens from dorsal skin tissues were collected and fixed in 10% 
neutral buffered formalin, routinely processed and embedded in paraffin 
wax. At 4–5 µm thickness, paraffin blocks were sectioned. Deparaffi-
nized xylene tissue sections, rehydrated by graded alcohols and stained 
with Hematoxylin and Eosin [30] for histopathological analysis by light 
microscope (Olympus BX50, Tokyo, Japan) at magnifications of X 100 
and X 200. The histopathological findings were evaluated and graded 
from 0 to 3 according to Watanabe [31] with some modification as 
follows: (0) no change, 1 (mild change), 2 (moderate change) and 3 
(severe change). 

5. Statistical analysis 

The data obtained in this study were compared and analyzed using 
one-way ANOVA method, with a statistically significant p- value of 
< 0.05 was considered. All data were expressed as a mean ± SD and 
three was the experimental replicates. For in vivo study graph pad prism 
statistics program was used for performing statistical analysis of the 
results. A mean ± relative standard deviation (SD) was expressed in the 
data. For comparison of differences among multiple groups, one-way 
variance analysis (ANOVA) followed by Tukey’s evaluation as a post 
hoc test. Variations between multiple groups were considered signifi-
cant at p < 0.05 [32]. 

6. Results and discussion 

6.1. Characterization of the prepared HHCL-SLNs 

6.1.1. Particles size (PS) 
The main physicochemical properties of the prepared HHCL-SLN are 

shown in Table 3, PS and size distribution are shown in Fig. 2a-h, the PS, 
was ranged from 111 ± 1.03 nm to 490 ± 2.06 nm. As shown, the mean 
particle size for all the formulations was within the colloidal nanometer 
range (< 550 nm). 

6.1.2. Transmission electron microscopy (TEM) 
The obtained photomicrographs of the F4 with suitable magnifica-

tion are given in Fig. 6, it showed that the nanoparticles were relatively 
nearly spherical with smooth morphology and uniform distribution. 
Particles found to have a spherical shape with smooth morphology and 
uniform distribution, with a mean diameter about 115 nm. The presence 
of the thin layer covering the particles postulating the drug enriched 
core model, if the drug precipitates first during the lipid solidification 
process, this model can be obtained, resulting in a drug enriched core 
covered with a lipid shell with reduced drug concentration [32]. 

6.1.3. Entrapment efficiency (EE%) 
EE % of the drug in SLNs formulations were varied from 74.1% ± 4.3 

to 96.7% ± 5.1. The size of the SLNs was uniform as shown by the low 
PDI (0.214 ± 0.013–0.387 ± 0.021). The optimum value of PDI < 0.3 is 

generally accepted to reflect the homogeneous distribution of nano-
particles [10]. Zeta potential is a measure of net surface charge and is an 
important parameter that influencing the physical stability of colloidal 
dispersion. High zeta potential values provide stability to colloidal 
dispersion preventing aggregation due to electrostatic repulsion be-
tween similarly charged particles. The SLNs showed a zeta potential of 
− 21.1 ± 1.6 to − 30 ± 2.4 MV. Zeta potential of − 20 to − 30 MV or 
higher (+20 to +30 MV or higher) is enough to ensure electrostatic 
stabilization [33]. 

6.1.4. In-vitro drug release study 
The release profiles of HHCL from SLNs was analyzed and compared 

with the release pattern of pure drug in the same condition as shown in  
Fig. 3. HHCL release from SLNs 98.7% ± 3.25 after 12 h while, the 
amount released from pure drug released from 0.5% CP 934 gel reached 
≈ 42.11% ± 2.41 after the same time. With respect to different combi-
nations of factors and factor levels, a substantial variation among drug 
release patterns was obtained. It is obvious from Fig. 3, SLNs exhibited 
biphasic release behavior; the first phase lasted 4 h ranged from 
15 ± 4.1 to 34 ± 2.01%, with relatively rapid release, this type of 
release behavior accomplished by rapid release of adsorbed to the sur-
face of the SLNs. At a later stage, extending to 12 h, the extended release 
of drug due to solubilized or dispersed releases slowly from the inside of 
the lipid core matrix was achieved by means of diffusion mechanisms 
[34]. 

6.1.5. Experimental design optimization 
All results for HHCL-SLNs under different conditions are illustrated 

in Table 4. The obtained data dependent variables were fed into soft-
ware Design expert®. The predicted and observed values of all depen-
dent variables (Table 4) were also in agreement with the adjusted R 
squared. The effect of independent variables on dependent variables is 
discussed as follows: 

Impact on particle size (PS) of independent variables: The PS of 
the HHCL-SLNs was estimated to be between 111 and 490 nm. The 
polynomial equation for the effect of different depended variables on PS 
is as follows: 

YA = + 254.00+ 96.75 ∗ XA − 55.2 ∗ XB − 26.75 ∗ XC − 21.50 ∗ XA

∗ XB − 16.50 ∗ XA ∗ XC − 8.50 ∗ XB ∗ XC (1) 

According to the previous equation (Eq. 1), the lipid type (XA) 
showed a significant agoniztic effect (P < 0.0001) on the size of the 
SLNs. It was observed that the mean PS of different formulations was 
significantly influenced by the solid lipid type, as the use of GDB rather 
than Chol showed significant lower PS values, F1-F4 based on GDB, 
showed a range of 111 ± 1.03–199 ± 3.61, While, F5-F8 based on Chol 
showed a range from 250 ± 1.21 to 490 ± 2.06. This finding may be 
attributable to variation in lipid melting point, where, GDB has a 
melting point of 68–75 ◦C [34]. While, Chol has a melting point of 
148–150 ◦C [35]. The high melting point of the solid lipid has led to 
higher melting viscosity and thus decreased homogenization step effi-
ciency in the reduction of PS [36]. The effect of surfactant concentration 
(XB), was found to adversely affect the PS, as the concentration of sur-
factant increased from 50 to 100 mg, the size of the SLNs was reduced. 
Decreased PS may be due to a reduction in the interfacial tension be-
tween the two phases that retard the agglomeration of the particles [37]. 
Furthermore, it was clearly noticed that the addition of co-surfactant 
(Tween80) decreased significantly (P < 0.05) PS which might suggest 
an improved stability of the dispersed substance in the presence of the 
second emulsifier [38]. One factor effect and 3D surface plot explained 
the effect of variable on the size of particles (Figs. 4 and 5). 

Impact of independent variables on the efficiency of entrapment 
(%EE): The effect of all the independent variables on the %EE is re-
flected in the polynomial equation (Eq. 2) as follows 

Table 3 
Characterization of HHCL loaded SLNs.  

Formula 
code 

PS (nm) PDI Zeta 
potential 
(mV) 

Entrapment 
efficiency (EE 
%) 

F1 199 ± 3.61 0.243 ± 0.012 -22 ± 2.2 80.5 ± 5.2 
F2 183 ± 2.57 0.311 ± 0.011 -21.1 ± 1.6 79.9 ± 2.8 
F3 136 ± 2.04 0.387 ± 0.021 -25.9 ± 1.06 74.1 ± 4.3 
F4 111 ± 1.03 0.296 ± 0.018 -30 ± 2.4 75.2 ± 4.4 
F5 490 ± 2.06 0.266 ± 0.010 -26.2 ± 1.3 96.7 ± 5.1 
F6 365 ± 2.85 0.331 ± 0.011 -28 ± 3.1 92.4 ± 3.2 
F7 298 ± 3.81 0.214 ± 0.013 -21.7 ± 1.1 88 ± 4.8 
F8 250 ± 1.21 0.245 ± 0.015 -29 ± 2.8 85.7 ± 2.9  
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YB = + 82.13+ 5.37 ∗ XA − 2.88 ∗ XB − 1.38 ∗ XC–0.12 ∗ XA ∗ XB − 0.12

∗ XA ∗ XC–0.13 ∗ XB ∗ XC

(2) 

One factor and 3D surface plots are shown in Figs. 4 and 5. It has 

been found that the use of Chol as lipid gives a significant (P < 0.0001) 
higher %EE. This can be attributed to the higher PS values showed by 
Chol than those obtained by GDB. As stated in the literature, when PS 
reduces the specific surface area increases and thereby decreases drug 
loading. Ebrahimi et al., have shown that loading values have increased 

Fig. 2. a-h. Particle size and size distribution for the prepared SLNs (F1-F8).  

Fig. 3. Release profiles of HHCL from the prepared SLNS compared to pure HHCL in 0.5%CP 934 gel.  
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as particle sizes have increased [39]. The higher surface area increases 
the mobility and the capacity of the drug to escape from the matrix. As 
with smaller particles, the total surface of the particle is larger and the 
repulsion of the drug is higher, resulting in a lower percentage of EE [3]. 
The increase in the concentration of surfactant (lecithin) (XB) showed a 
significant decrease in the %EE (P < 0.0001). This observed decrease in 
percent of the EE may be explained by the phenomenon of partition. 
High levels of surfactants in the external phase will increase the partition 
of the drug from the internal to the external phase of the medium. This 
increased partition is due to the increased solubilization of the drug in 
the outer aqueous phase, so that more volumes of the drug can disperse 
and dissolve [40]. In addition, the increase in the concentration con-
tributes to an increase the solubility of the drug in the water phase 
system and the development of the micelle was also been improved. 
Thus, %EE could be reduced in accordance with Shaveta [37]. The same 
effect was observed due to increase in the concentration of co-surfactant 
(Xc), but due to a decrease in PS. 

Impact of independent variables on the percent of the drug 
dissolved (%Q): The effect of different variables on the %Q was 
expressed by a polynomial equation as follows: 

YC = + 16.5 − 2.00 ∗ XA + 3.50 ∗ XB + 1.75 ∗ XC–0.50 ∗ XA ∗ XB − 0.25

∗ XA ∗ XC + 0.25 ∗ XB ∗ XC

(3) 

Figs. 4 and 5, depict that changing lipid type (XA) has a significant 
effect (P < 0.0001) on %Q, using GDB showed a higher rate of release at 
first 4 h, compared to release rates obtained from those prepared using 
Chol. It was noticed XB and XC, had a significant effect of release from 
the prepared formulations. As discussed before, higher concentration of 
both surfactant and co-surfactant significantly decrease. It was evident 
that PS has a greater effect on the drug release. Formulations with a 
small PS had shown a higher burst release, and this is due to small PS 
formulations have higher surface area which gives initial burst and 
sustained drug release [41]. 

Conclusively, there was a significant decline in PS with a significant 
rise in both EE % and Q% from the polynomial equations of YA, YB and 
YC. When, GDB was used as lipid phase, the concentration of surfactant 
was 100 mg and the concentration of co-surfactant was 4%. 

According to a full factorial design (23), F4 met the required response 
(desirability of 0.968), with minimized PS, and higher EE% with higher 
release rate at the first 2 h then a prolonged release pattern till 12 h. So, 
for further review, it was chosen. 

6.2. Characterization of the prepared HHCL-SLN transdermal gel 

Optimized F4 SLNs transdermal gel has been shown to have a clear 
and homogenous gel with a PH of 7.4 ± 0.85. Drug content was found to 
be 95% ± 5.2 which complies with pharmacopoeial range, viscosity of 
the gel was 4500 CP± 6.78, while, the detachment force of the gel from 
the rat skin was 0.58 N ± 0.045. 

6.2.1. Ex-vivo permeation study 
Ex-vivo skin permeation of HHCL through SLNs transdermal gel was 

determined using rat skin. Fig. 7 and Table 4 shows the permeation 
parameters and the cumulative% of HHCL permeated through the skin. 
The study revealed that the cumulative percent of permeating drug 
reaching 75% after 12 h. Also, it demonstrated that HHCL gels 

formulated with SLNs were elastic and provided with a higher rate 
transdermal flux of 49.62 µg / cm2 /h ± 0.68 with a permeability co-
efficient of 0.099 ± 0.001 cm/h. The lipophilic nature of HHCL would 
permit rapid permeation through the stratum corneum as well as, the 
lower dermal layers reaching the systemic circulation. HHCL has a 
relatively high volume of distribution, so it can redistribute into the 
dermal layers giving an efficient peripheral antihistaminic effects [42]. 

The lipid nanocarrier can easily attach themselves with skin surface 
and allow lipid exchange between the outer layers of the stratum cor-
neum and though it which allows the transdermal flux by enhancing 
permeation, as well as presence of surfactant may also decrease the 
diffusional resistance of the stratum corneum by acting as permeation 
enhancers. It has been reported that SLNs approximately 260 nm in size 
were able to penetrate the deeper layers of the skin and preferentially 
accumulate in the hair follicles. Other studies have also reported that 
hair follicles serve as long-term reservoirs for topically applied drug 
substances, storing them for up to 10 days, which is ten times longer 
than the reservoir of the Subcutaneous. Also, some studies reported that 
sizes around 100 nm are in the appropriate size range for deep skin 
penetration [43]. 

6.2.2. Stability study 
Stress testing is an important tool for the prediction of stability 

related problems. The accelerated experiment was carried out in the 
abnormal conditions and the stability of the drug could be determined 
relatively quickly by acceleration of the process of physical and chem-
ical changes to the formulae. As depicted from Table 5, storage didn’t 
affect the prepared gel as there was no significant difference (P > 0.05) 
in any measured parameter before and after storage, visual inspection of 
the stored gel showed no change in the physical appearance or in color. 

6.3. In-vivo study 

The systemic absorption is a predictable issue within the transdermal 
formulations, although the estimated systemic absorption would not be 
significant to induce side effects. This suggestion is based on, a previous 
pharmacokinetic study that used hydroxyzine oral dose (0.7 mg/kg) 
three time daily i.e (2.1 mg/kg/ day) in children with atopic dermatitis 
(equivalent to 25 mg/kg in mice). This study reported no serious side 
effects or sedation among patients. Moreover, this dose range was 
effective as antipruritic in atopic dermatitis patients [44]. 

6.3.1. Assessment of antipruritic effect of HHCL-SLN transdermal gel 
In order to investigate the antipruritic effect of the transdermal gel 

(F4) of HHCL-SLNs in atopic dermatitis, such as DNCB induced lesions. 
Scratching behavior of the mice was monitored; as well as, the time that 
each mouse spent rubbing their dorsal skin was recorded. In the last 
week of the experiment, it was noted that the time spent by control mice 
(1st group) treated with vehicles was (29.90 s ± 10), while, mice treated 
with DNCB (2nd group) displayed a significant increase in scratch time 
(p ≤ 0.001) up to almost 450% (166.9 s ± 15.5). On the other hand, 3rd 
and 4th groups displayed a significant (p ≤ 0.001) shortening in the 
scratching time 101.8 s ± 9.2 and 84.10 s ± 8.31, respectively. The ef-
fect of the 4th group as antipruritic was significantly (p ≤ 0.05) more 
potent when compared to the 3rd group (Fig. 8A). 

6.3.2. Assessment of HHCL transdermal gel effect on IL-4 /substances P 
The results showed that 2nd group induced potent increases in serum 

levels (p ≤ 0.001) of IL-4 and substance P 153 ± 16.97 and 3.95 ± 0.67 
respectively, compared to 1st group 22.32 ± 4.29 and 0.74 ± 0.51, 
respectively. The 3rd and 4th groups displayed significant (p ≤ 0.001) 
reduction of IL-4 /substances P 81.6 ± 8.05 and 2.2 ± 0.52, respec-
tively, that induced by DNBC. Moreover, the 4th group showed a sig-
nificant (p ≤ 0.01) decrease in the levels of IL-4 and substance P 
39.57 ± 6.62 and 1.28 ± 0.39, respectively, compared to 3rd group 
(Fig. 8B and C). Hence, HHCL-SLNs transdermal gel showed a potent 

Table 4 
Permeation parameters for ex-vivo permeation of HHCL from the optimized F4 
SLNs transdermal gel.  

Permeation Parameters Ex-vivo Permeation 

Flux (Jss) (µg / cm2 /h) 49.62 ± 0.68 
Permeability Coefficient (Kp) (cm/ h) 0.099 ± 0.001  
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Fig. 4. One factor plot for the effects of the various independent variables: a) Effect of XA, lipid type on PS, b) Effect of XB, surfactant concentration on PS and c) 
Effect of XC, Co-surfactant concentration on PS, d) Effect of XA, lipid type on %EE, e) Effect of XB, surfactant concentration on %EE and f) Effect of XC, Co-surfactant 
concentration on %EE, g) Effect of XA, lipid type on %Q, h) Effect of XB, surfactant concentration on %Q and i) Effect of XC, Co-surfactant concentration on %Q. 
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Fig. 5. 3D surface plot for the effects of the various independent variables: a) Effect of XA, lipid type on PS, b) Effect of XB, surfactant concentration on PS and c) 
Effect of XC, Co-surfactant concentration on PS, d) Effect of XA, lipid type on %EE, e) Effect of XB, surfactant concentration on %EE and f) Effect of XC, Co-surfactant 
concentration on %EE, g) Effect of XA, lipid type on %Q, h) Effect of XB, surfactant concentration on %Q and i) Effect of XC, Co-surfactant concentration on %Q. 

D.F.A. El-Telbany et al.                                                                                                                                                                                                                        



Biomedicine & Pharmacotherapy 143 (2021) 112130

10

inhibition of IL-4/ substance P. 

6.4. Histopathological examination of skin tissues 

Microscopical examination (Fig. 9and Table 6) of the dorsal skin 
sections from normal control mice (1st group) revealed normal 
epidermal and dermal layers (Fig. 9a and b). On the contrary, sections 
from mice treated with DNCB (2nd group) showed atopic dermatitis 
with severe histopathological alterations described by hyperkeratosis, 
hyperplasia and hypertrophy of the epidermal cell layer associated with 
edema and massive inflammatory cell infiltration in the dermis (Fig. 9c 
and d). In addition, focal erosions and ulcerations have been identified 
in some of the examined sections. In contrast, in the 3rd group, skin 
sections of mice showed improvement in the previously described pic-
ture, examined sections of this group showed focal mild thickening of 
the epidermis and little infiltration of inflammatory cells in the dermis 
(Fig. 9e and f). Moreover, mice co-treated with HHCL-SLNs transdermal 
gel (4th group) had markedly improved picture and examined sections 

Fig. 6. TEM micrograph of the optimized HHCL loaded SLNs (F4) with 80,000Â magnification.  

Fig. 7. The permeation profile of HHCL from optimized SLNs transdermal gel.  

Table 5 
The different studied parameters of HHCL loaded SLNs transdermal gel (F4) for 
stability study.   

Period 

Fresh 1 month 2 months 3 months Parameter 

General 
appearance 

Transparent Transparent Transparent Transparent 

PS (nm) 113 ± 3.1 115 ± 2.36 111 ± 5.61 114 ± 3.45 
EE % 75.8 ± 2.01 76.8 ± 2.1 75.7 ± 1.04 76.1 ± 4.32 
PH 7.4 ± 1.01 6.6 ± 1.01 7.4 ± 1.34 7.4 ± 1.56 
Viscosity (CP) 4500 ± 3.4 4300 ± 5.6 4250 ± 7.56 4300 ± 6.66 
Detachment 

force (N) 
0.58 ± 0.002 0.57 ± 0.012 0.6 ± 0.031 0.62 ± 0.061 

Flux (Jss) (µg / 
cm2 /h) 

49.62 ± 0.98 48.89 ± 0.58 49.14 ± 0.78 48.92 ± 0.67  
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Fig. 8. Effect of hydroxyzine on mice scratching behavior, IL-4 and substance P. * Date are expressed as mean ± SD. * *n = 10/group. ▀ Compared to control mice 
(p ≤ 0.001). Compared to DNCB (p ≤ 0.001). *Compared to HHCL gel (p ≤ 0.05). 

Fig. 9. Photomicrograph of H and E stained 
dorsal skin sections of mice: a) and b) control 
normal (1st group) showing normal epidermal 
and dermal layers. c) and d) DNBC treated mice 
(2nd group) showing hyperkeratosis (black 
arrow), hyperplasia and hypertrophy of the 
epidermal layer (red arrow) and massive in-
flammatory cell infiltration in the dermis (blue 
arrow). e) and f) Co-treatment with DNBC+
HHCL (3rd group) showing focal slight thick-
ening of the epidermis (black arrow) and few 
inflammatory cell infiltration in the dermis 
(blue arrow). g) And h) Co-treatment with 
DNBC+ F4 SLNs transdermal gel (4th group) 
showing slight hypertrophy of epidermis and no 
inflammatory cells infiltrating the dermis. 
(Scale bars 100 µm and 50 µm respectively).   
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showed slight hypertrophy of epidermis with no inflammatory cells 
infiltrating the dermis (Fig. 9g and h). 

This study showed that HHCL-SLNs transdermal gel exerted a potent 
Antipruritic compared to 2nd group treated mice. Some reports showed 
a prominent efficacy in dampening pruritus associated with atopic 
dermatitis [45] on contrast, other studies reported limited effect of hy-
droxyzine in atopic dermatitis induced in dogs [46]. Hence, the potency 
of HHCL-SLNs transdermal gel (F4) was assessed by its effect on other 
itch mediators such as IL-4 and substance P. Our results displayed that 
HHCL-SLNs transdermal gel (F4) significantly decreased IL-4 and sub-
stance P. In supporting of our results [47] reported that Hydroxyzine 
inhibits IL-4 expression in skin allergy. There are limited data con-
cerning the effect of on substance P however, it has been reported that 
antihistaminic may control substance P induce itch based on the concept 
of mast cell activation by substance P resulting in increasing histamine 
[13].To our knowledge this is the first research that records a direct 
effect of hydroxyzine on the expression of substance P. 

7. Conclusion 

HHCL SLNs were successfully prepared for transdermal delivery ac-
cording to a full factorial design (23). The optimized formula has been 
prepared using GDB as lipid phase, lecithin, as surfactant, and tween 80 
as co-surfactant. Our investigation shows that the SLNs formulation 
promotes HHCL permeation through the skin, and thus induces a sig-
nificant inhibition of IL-4 expression in transdermal and skin allergy. 
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Table 6 
Histopathological lesions grading among different experimental groups.  

Histopathological lesion 1st 

group 
2nd 

group 
3rd 

group 
4th 

group 

Hyperkeratosis  0  2  1  0 
Hyperplasia of epidermal cell 

layer  
0  3  2  1 

Hypertrophy of epidermal cell 
layer  
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