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Among different topical drug delivery systems, nanoemulsions (NEs) are attractive due to
enhanced skin permeation potential and minimum toxicity. Topical nanoemulgels
(NEMGELs) contain both gelling agents and NEs and thus can enhance skin
permeation with sustained effects at the site of application. Oxybutynin (OXB) is an
anti-muscarinic agent that is administered orally to treat hyperhidrosis but its systemic
side effects may decrease patient compliance. Therefore, it assumes that oxybutynin-
nanoemulgel (OXB-NEMGEL) with sustained release properties and skin permeation ability
may be a suitable alternative. Using Design Expert software

®
, 17 OXB-NE formulations

were prepared and optimized based on particle size, zeta potential and physical stability.
Three polymers were used to prepare and optimized OXB-NEMGEL based on
spreadability and viscosity. In-vitro drug release and ex-vivo skin permeation were
investigated for optimized formulation. The model suggested by Design-Expert was
quadratic and there was significant association between response variables including
particle size and zeta potential and independent variables (Oil:Surfactant ratio, Oil:Water
ratio, and surfactants HLB) with P-values of 0.0334 and 0.0173, respectively. Also, the lack
of fit was not significant (P-values 0.057 and 0.569, respectively) which confirms the fitness
of this model. Average size and zeta potential of optimized nanoemulsions were 99 ±
0.1 nm and -57.3 ± 0.5 mv, respectively. Carboxymethyl cellulose-based nanoemulgels
(CMC-NEMGEL) showed acceptable viscosity with a shear thinning rheological pattern
and good spreadability which released OXB within 8 h. Ex-vivo OXB skin permeation
revealed OXB flux of 1.5 ± 0.3 and 3.6 ± 0.2 μg/cm2/h after 12 and 24 h, respectively,
which was equal to 5.3 ± 1.1% and 11.9 ± 0.7% of drug, while simple OXB gel did not
permeate through skin layers. Thus, OXB-NEMGEL with effective skin permeation
potential would be a novel promising drug delivery system for hyperhidrosis
management which may lower systemic side effects.
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INTRODUCTION

Hyperhidrosis is a disorder in which more sweat is produced than
the physiologic amounts and could be annoying for many
patients. Oxybutynin (OXB) is an anticholinergic drug that
has been administered orally for management of
hyperhidrosis. Oral administration of OXB as a conventional
therapeutic option can induce anticholinergic adverse reactions
including urinary retention, dry mouth, and blurred vision which
may reduce patient compliance (Wolosker et al., 2012; Wolosker
et al., 2014; Delort et al., 2017). Therefore, it would be highly
desirable to design a topical formulation of OXB for the localized
management of hyperhidrosis. Considering OXB lipophilicity
(log P of 4.36) and low water solubility (about 10 μg/ml)
(Aulton, 2008), conventional topical formulations are not
adequate means to promote enough skin permeation and
efficient clinical outcome.

Topical drug delivery is an appropriate non-invasive route
of administration with localized drug delivery to skin
organelles which leads to lower systemic absorption and
adverse reactions. Transdermal delivery of active
pharmaceuticals would be potentially considered as
sustained drug delivery approaches and skin permeation
enhancement which can increase patient compliance in
dosage form consumption (Aalto-Korte and Turpeinen,
1993; Ghasemiyeh and Mohammadi-Samani, 2020).
Different types of nanocarriers such as lipid nanoparticles
(Wissing, 2003; Muller et al., 2007; Pardeike et al., 2009;
Ghasemiyeh and Mohammadi-Samani, 2018), liposomes
(Perez et al., 2016; Doppalapudi et al., 2017; Sakdiset et al.,
2017; Yokota and Tokudome, 2017), niosomes (Muzzalupo
et al., 2017; Tavano et al., 2017; Aziz et al., 2018),
nanoemulsions (NEs) (Primo et al., 2008; Zhou et al., 2010;
Thiagarajan, 2011; Abd et al., 2015), hydrogels (Şenyiğit et al.,
2011; Yoncheva et al., 2012; Ghasemiyeh and Mohammadi-
Samani, 2019), nanoemulgels (NEMGELs) (Panwar et al.,
2011; Kaur et al., 2017), etc. have been proposed for topical
drug delivery with different advantages and drawbacks that
should be overcome (Ghasemiyeh and Mohammadi-Samani,
2018). The selection of suitable nanocarrier highly depends on
the physicochemical characteristics of the drug and the
therapeutic goals of the study. Among all aforementioned-
nanocarriers, NEMGELs are highly favorable and have the
advantages of both NEs and gels which could enhance skin
permeation and provide longer drug deposition in the target
area. Topical gels have the limited capability in efficient
delivery of hydrophobic drug while NEMGELs may
overcome this limitation, for instance, highly lipophilic
drugs such as cyproterone acetate and piroxicam were
encapsulated within the nanoemulsion to enhance
transdermal delivery (Ghasemiyeh et al., 2017;
Mohammadi-Samani et al., 2018; Ghasemiyeh et al., 2019).
Further, the presence of gelling agents (polymers) in
NEMGELs, with suitable pharmaceutical characteristics
including good spreadability, skin softening, and
moisturizing properties, not only can increase patient
compliance, but also forms suitable formulation appearance,

sustained release pattern, and drug protection against light for
photosensitive agents (Panwar et al., 2011; Ashara et al., 2016;
Kaur et al., 2017; Ghasemiyeh and Mohammadi-Samani,
2021).

Commercial topical creams containing OXB treatment of
overactive bladder disease are available; however, their
systemic side effects are considerable. So, the main purpose of
this study was design, optimization, and characterization of a
suitable topical NEMGEL formulation for transdermal delivery of
OXB in order to manage hyperhidrosis.

The main limitation of this study was the specific experiment
to assess the exact pathway of drug penetration through the skin
layers and evaluate the capability of this novel NEMGEL
formulation for targeted drug delivery to sweat glands.

MATERIALS AND METHODS

Materials
OXB hydrochloride (OXB) was gifted by Exir Company. Sodium
alginate (ALG), methanol and acetonitrile (HPLC grade), hydroxy
propyl methyl cellulose (HPMC), and sodium carboxy methyl
cellulose (CMC), were purchased from a domestic supplier of
Samchun, South Korea. Ethanol, acetic acid, sodium chloride,
potassium chloride, disodium hydrogen phosphate, potassium
dihydrogen phosphate, Tween 80, and Span 20 were purchased
from a domestic supplier of Merck, Germany. Tefose 63 was gifted
by Gattefosse, France. All other chemicals were of analytical grade
and were used without further purification.

OXB Analysis
An isocratic system with flow rate of 1 ml/min was eluted and the
mobile phase consisted of water: acetonitrile (50:50 ratio) which
was adjusted at pH = 4 using acetic acid. OXB analysis was
performed using a developed high performance liquid
chromatography (HPLC) method with ultraviolet (UV)
detector (CECIL 4900, England) and C8 column (Shimadzu-
C8, Japan). To obtain high precise results, an internal standard
(IS) was used in the analysis method.

HPLC Method Validation
Standard calibration curve was constructed in the concentration
range of 0.625–10 μg/ml which was tested in triplicate and
analyzed on three different days. Validation parameters
including linearity, intra-day and inter-day precision and
accuracy, sensitivity, limit of detection (LOD), and limit of
quantitation (LOQ) were assessed.

OXB-Nanoemulsions Preparation
Considering pre-formulation studies, to obtain the optimum NE
formulation with the highest physicochemical stability, three
different surfactants (Tween 80, Tefose 63, and Span 20) in oil
phases (liquid paraffin or polyethyleneglycol) were used to
prepare NEs using the spontaneous emulsification method.
Briefly, the organic phase containing ethanolic OXB and
hydrophobic surfactants in liquid paraffin were added
dropwise at 70°C to the aqueous phase containing hydrophilic
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surfactants and mixed continuously until it was cooled to 25°C
(top-down technique).

OXB-NEs Optimization by Design-Expert
®

Design-Expert® software (version 7.1, Stat-Ease Inc.,
Minneapolis, MN) and the Box-Behnken model were used for
the NE optimization process. Considering preliminary studies,
three independent variables including Oil:Surfactant (Oil:Sur)
ratio (0.6–1.2), Oil:Water (Oil:Wat) ratio (0.1–0.2), and
surfactants HLB (10.5–12.5) were selected and 17 runs were
suggested by the software.

OXB-NEs Characterization
Particle Size and Size Distribution
Particle size of NEs was determined using a particle size analyzer
(Shimadzu, SALD-2101, Japan) with laser diffraction technique
(Montaseri et al., 2017). Each sample was evaluated in triplicate
and results were reported as mean ± SD.

Zeta Potential
Zeta potential of NEs was measured using Zeta Check
(Microtract, ZC007, Germany) without further dilution
(Montaseri et al., 2017). The test was repeated in triplicate for
each sample and results were reported as mean ± SD.

Stability Assessment
The centrifugation test is a technique that is used to assess
stability of NEs. In this regard, a fixed volume of NEs was
centrifuged at 5000 rpm for 30 min at room temperature and
phase separations were evaluated and reported as instability signs
of NEs.

OXB-NEMGELs Preparation
To optimize the best gel base to prepare OXB-NEMGELs, three
different polymers, including carboxymethyl cellulose (CMC),
hydroxypropyl methyl cellulose (HPMC), and alginate (ALG), in
three various concentrations were prepared and stored in a
refrigerator for 24 h. Then, OXB-NEs were mixed with gels
under stirring to form NEMGELs.

OXB-NEMGELs Characterization
To optimize OXB-NEMGELs, the viscosity and spreadability
were determined. The best formulation was selected for
further examinations.

Viscosity
The viscosity of OXB-NEMGELs was assessed using a cone and
plate viscometer (R/S PLUS, Brookfield) at room temperature and
shear rate of 0–100 s−1 (Parhizkar et al., 2017). All tests were
repeated in triplicate and results were reported as mean ± SD.

Spreadability
Considering previous studies, a predetermined amount of
OXB-NEMGELs was placed on the surface plate and
covered with another plate with the weight of 42 g for
3 min. Then the spreadability was calculated based on the
diameter and surface of the spread OXB-NEMGELs. All tests

were repeated in triplicate and results were reported as
mean ± SD.

pH Determination
In this regard, pH of the 1%w/wOXB-NEMGELs was assessed by
a pH meter after dilution of the formulations.

Drug Content
A known amount of OXB-NEMGELs was diluted with deionized
water, mixed with acetonitrile, and centrifuged at 10,000 rpm for
15 min. Then the OXB content in the supernatant was analyzed
using the validated analysis method.

In-vitro Drug Release
OXB in-vitro release pattern from selected OXB-NEMGELs was
determined using a dialysis membrane (dialysis tubing cellulose
membrane, D9652-100FT, Sigma-Aldrich, cutoff 14,000 Da) in
phosphate buffer saline (PBS, with pH equal to 7.4) as release
medium at 37°C while the medium was continuously stirred at
150 rpm (Rahnama et al., 2021). The optimized OXB-NEMGEL
formulation was poured in a dialysis bag membrane and floated in
200ml of release medium to maintain sink condition. Samples were
collected at 1, 2, 4, 6, and 8 h and OXB amounts were determined
using the validated analysis method and OXB release patterns were
assessed. For better comparisons, OXB containing simple gels of
selected formulations (OXB-GEL-C4 and OXB-GEL-A3) release
and free-OXB dissolution pattern were assessed. Each
formulation was examined in triplicate and results were reported
as mean ± SD.

Animal Studies
Male hamsters were obtained from the Animal House, Shiraz
University of Medical Sciences (SUMS), Shiraz, Iran. The
animals were maintained and handled according to ethical
codes and guidelines of SUMS as well as The Codes of Ethics of
the World Medical Association EC directive 86/609/EEC for
animal handling and experiments. The protocols in the current
study were approved by the Ethics Committee of SUMS (Ethics
code No. IR.SUMS.REC.1400.056).

Ex-vivo Skin Permeation
Ex-vivo skin permeation assessments were performed using hamster
flank organ skin. The shaved flank organ skins were cut and
mounted on Franz diffusion cells (surface area of 3.46 cm2 and
acceptor volume of 30 ml) while the stratum corneum of the skins
was facing up to the donor compartment. The receptor
compartment was PBS (pH, 7.4) containing 2.5% of Tween 80 to
maintain sink condition. At the donor compartment, optimized
OXB-NEMGEL formulation and simple gels were applied. For
further comparisons, skin permeation of free-OXB solution and
simple gel (OXB-GEL-C3) were also assessed. Receptor
compartment temperature was fixed at 32°C and medium was
completely mixed at 250 rpm. Sampling was done at 0, 0.25, 0.5,
1, 2, 4, 6, 8, 10, 12, and 24 h after formulation application on the
donor compartment and immediately an aliquot volume of fresh
receptor medium was replaced each time. Samples were analyzed
using the developed analysis method and the amounts of drug flux
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through the skin were measured. Different solvents in various ratios
were evaluated to extract OXB from the permeation medium.

RESULTS

OXB Analysis
OXB assay method was developed using HPLC at UVwavelength of
240 nm.Methyl prednisolone (MP) was used as an internal standard
(IS). As shown in Figure 1A, OXB and MP retention times were 4
and 6min, respectively. To determine the specificity of analysis
method, the permeation media chromatogram was obtained to
which indicates the non-interfering peaks in retention times of
OXB and IS (Figure 1B).

HPLC Method Validation
Results revealed that there was no interaction between OXB
and MP peaks with a blank sample which confirmed that this

method had enough specificity/selectivity for OXB detection as
shown in Figure 1. OXB analysis method validation results
showed that there was acceptable linearity (R2 = 0.9996)
between OXB concentrations and peak area ratios of OXB
to MP with an equation of y = 0.5648x-0.0776. The method
accuracy, inter-day and intra-day precision were 97.6 ± 3.6%,
97.1 ± 2.9%, and 97.8 ± 1.7%, respectively. Sensitivity of
method was assessed in terms of LOQ of 0.625 μg/ml and
LOD of 0.208 μg/ml.

OXB-NEs Optimization by Design-Expert
®

NEs optimization was done by Design-Expert® software. Three
independent variables including Oil:Sur ratio, Oil:Wat ratio, and
surfactant HLB were determined and the response variables were
set to particle size and zeta potential. According to the results of
17 runs, which were suggested by the software (Table 1), the
model was quadratic and there was significant association
between independent variables and response variables (P-value

FIGURE 1 | Chromatogram of 1: OXB (10 μg/ml) and 2: MP (0.25 μg/ml) (A) and permeation medium (B).

TABLE 1 | Nanoemulsion ingredients, particle size, zeta potential, and stability study results (mean ± SD, n = 3).

Formulation Oil:Sur ratio Oil:Wat ratio HLB Particle size
(nm)

Zeta potential
(mv)

Stability test

OXB-NE1 1.2 0.15 10.5 616 ± 0.6 −61 ± 0.4 1
OXB-NE2 1.2 0.1 11.5 99 ± 0.1 −57.3 ± 0.5 1
OXB-NE3 1.2 0.15 12.5 105 ± 0.5 −61.2 ± 0.3 1
OXB-NE4 0.6 0.1 11.5 100 ± 0.2 −66.8 ± 0.4 0
OXB-NE5 0.9 0.15 11.5 851 ± 0.4 −69.8 ± 0.7 0
OXB-NE6 0.6 0.15 12.5 1,075 ± 0.8 −64.5 ± 0.6 1
OXB-NE7 0.9 0.15 12.5 796 ± 0.2 −66.3 ± 0.4 0
OXB-NE8 1.2 0.2 11.5 390 ± 0.1 −59.3 ± 0.3 1
OXB-NE9 0.9 0.2 12.5 539 ± 0.7 −62 ± 0.3 0
OXB-NE10 0.9 0.15 11.5 980 ± 0.6 −67.7 ± 0.6 0
OXB-NE11 0.9 0.1 12.5 101 ± 0.5 −61 ± 0.3 1
OXB-NE12 0.9 0.2 10.5 980 ± 0.6 −54.8 ± 0.4 0
OXB-NE13 0.9 0.1 10.5 913 ± 0.2 −58.2 ± 0.5 0
OXB-NE14 0.6 0.15 10.5 533 ± 0.4 −61 ± 0.5 1
OXB-NE15 0.6 0.2 11.5 386 ± 0.9 −55.2 ± 0.3 1
OXB-NE16 0.9 0.15 11.5 683 ± 0.1 −61.3 ± 0.7 0
OXB-NE17 0.9 0.15 11.5 786 ± 0.3 −64.5 ± 0.3 0
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of 0.0334 and 0.0173) while lack of fit was not significant (P-value
of 0.057 and 0.569) which confirms the fitness of this model
(Table 2). As shown in Figure 2, the 3D-model graphs revealed
the binary relationship between independent variables and
response variables. According to these results and the
quadratic model, there is an optimum surface to achieve the
targeted particle size and zeta potential in NE formulations.

OXB-NEs Characterization
Particle Size and Size Distribution
Mean particle size of different NE formulations is reported in
Table 1 which showed the range of 99–1075 nm. A

representative graph of particle size and size distribution of
selected OXB-NE formulation (OXB-NE2) is shown in
Figure 3, which revealed that the selected OXB-NE2
formulation had a mean particle size of 100 nm with a
sharp distribution peak that confirmed the monodispersity
in OXB-NE2.

Zeta Potential
Zeta potential of different OXB-NE formulations is listed in
Table 1 which showed the range of −54 to −70 mv. Results
revealed that the selected OXB-NE formulation (OXB-NE2)
had a zeta potential of −57.3 ± 0.5 mv.

TABLE 2 | OXB-NEs optimization by Design-Expert
®
.

F-value Prob > F Lack of
fit

R2 Adj. R2 Adq. precision

Particle size 4.32 0.0334 0.057 0.8472 0.6507 5.44
Zeta potential 5.53 0.0173 0.569 0.8767 0.7181 6.68

FIGURE 2 | Binary effect of different independent variables on mean particle size of NEs.

FIGURE 3 | Typical graph of particle size and size distribution of selected NE formulation (NE2).
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Stability Assessment
Centrifugation test was considered for stability assessment of
different OXB-NE formulations. The results of the stability test
were coded as 1 (for homogenous samples) and 0 (for two-phase
samples) after centrifugation. Eight OXB-NEs formulations passed
the centrifugation stability test. Stability results are shown inTable 1.

OXB-NEMGELs Preparation
Three different polymers including CMC, HPMC, and ALG in
three various concentrations were used to prepare OXB-
NEMGELs. All 9 polymeric solutions were prepared and
stayed overnight. Freshly prepared NEs were mixed with
polymeric solution in 1:1 ratio. The mixture was mixed slowly
until homogenous NEMGEL formation. OXB-NEMGEL
formulations are presented in Table 3.

OXB-NEMGELs Characterization
Viscosity
OXB-NEMGELs viscosity results are reported in Table 3. Based on
the results, OXB-NEMGEL-C4 and OXB-NEMGEL-A3 had similar

viscosity to the commercial piroxicam gel. Rheological pattern of
OXB-NEMGEL-C4 andOXB-NEMGEL-A3 are depicted inFigure 4
as it has been shown results were compared with commercial
piroxicam gel formulation that is available in the market.

Spreadability
OXB-NEMGELs spreadability results are presented in Table 3.
Based on the results, OXB-NEMGEL-C4 and OXB-NEMGEL-A3
had similar spreadability to the commercial piroxicam gel.

According to the viscosity and spreadability results, further
OXB-NEMGELs characterization tests were performed for the
selected OXB-NEMGEL-C4 and OXB-NEMGEL-A3.

pH Determination
OXB-NEMGEL-C4 and OXB-NEMGEL-A3 pH were 5.84 ±
0.041 and 6.53 ± 0.047, respectively.

Drug Content
Drug content results of selected OXB-NEMGEL-C4 and OXB-
NEMGEL-A3 were 103 ± 3% and 105 ± 2%, respectively.

TABLE 3 | OXB-NEMGEL formulations viscosity and spreadability results (Concentrations w/w%).

Formulation CMC% ALG% HPMC% Viscosity (Pa.s) Spreadability (cm)

OXB- NEMGEL-C3 3% – – 5.96 ± 0.31 6.06 ± 0.094
OXB- NEMGEL-C4 4% – – 11.46 ± 0.36 8.06 ± 0.094
OXB- NEMGEL-C5 5% – – 34.75 ± 2.5 7.46 ± 0.12
OXB-NEMGEL-A2 – 2% – 4.42 ± 0.088 12.26 ± 0.23
OXB-NEMGEL-A3 – 3% – 12.99 ± 0.4 9.31 ± 0.13
OXB-NEMGEL-A4 – 4% – 29.99 ± 0.41 7.33 ± 0.12
OXB-NEMGEL-H1 – – 1% 0.034 ± 0.002 4.46 ± 0.04
OXB-NEMGEL-H2 – – 2% 0.1 ± 0.009 4 ± 0.08
OXB-NEMGEL-H3 – – 3% 0.52 ± 0.04 3.26 ± 0.04
Piroxicam Gel 14.3 ± 0.4 8.06 ± 0.094

FIGURE 4 | Shear stress vs. shear rate rheogram of CMC-EMGEL and ALG-EMGEL in comparison with piroxicam gel (n = 3).
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In-vitro Drug Release
OXB release from selected OXB-NEMGEL-C4 and OXB-
NEMGEL-A3 in comparison with their simple gel
formulations (OXB-GEL-C4 and OXB-GEL-A3) and free-OXB
dissolution pattern through dialysis membrane are depicted in
Figure 5. As it is shown, OXB dissolution and release from OXB-
NEMGEL-A3 were similarly fast; however, as it was predicted,
both NEMGEL formulations release was slower than simple gels.

Animal Study
Ex-vivo Skin Permeation
According to the drug release results, OXB-NEMGEL-C4 was
selected for further skin permeation assessments which was
compared with simple CMC gel (OXB-GEL-C4). Results of
the OXB flux through skin layers after 12 and 24 h are listed
in Table 4.

Drug extraction process from release medium revealed that
the best solvent for this purpose is acetonitrile:water (with ratio of
10:1) that results in OXB recovery of 87 ± 0.37% which was
included in permeation assessment results.

DISCUSSION

OXB Analysis
A simple and validated HPLC method was developed in this
study to quantify OXB in different processes including drug
content, drug release, and skin permeation assessments. Also,

peak shapes revealed the acceptable symmetry and lack of tailing.
The regression coefficient (R2) of calibration curve was 0.999,
which confirms the linearity in the range of 0.625–10 μg/ml.
Precision and accuracy results revealed that the analysis method
had fulfilled the United States Pharmacopeia (USP) criteria of
method validation (Health UDO and H Services, 2001;
Ghasemiyeh et al., 2020). LOD and LOQ values confirmed the
acceptable sensitivity of this method in comparison with
previously reported studies (Zobrist et al., 2001; Varma et al.,
2004; Nicoli et al., 2006; Ali et al., 2014).

OXB-NEs Optimization by Design-Expert
®

OXB is a very slightly soluble drug (water solubility of about
0.01 mg/ml) with limited skin permeation from the
conventional topical formulation (Nicoli et al., 2006).
Therefore, in the present study, OXB-NEMGELs were
prepared and evaluated in order to enhance skin
permeation of OXB (USP C, 2008). During this study, a
mixture of different non-ionic surfactants containing Tween
80, Tefose 63, and Span 20 were examined in a pre-formulation
design study to determine the adequate range of surfactants.
Liquid paraffin and polyethylene glycol 400 (PEG 400) were
also evaluated as the organic phase. Different NE formulations
were prepared and evaluated based on their particle size, zeta
potential, and stability pattern. Finally, suitable surfactants
(Tefose 63 and Tween 80) and organic phase (liquid paraffin)
were selected for optimization.

Design-Expert® software with the Box-Behnken model was
used for NEs optimization to achieve the smallest particle size
with the lowest poly dispersity index, proper zeta potential,
and physicochemical stability. Results revealed that the
suggested quadratic model was significant while lack of fit
was not significant, which confirm the fitness of the model
considering other previous optimization studies (MHFS, 2011;
Ghasemiyeh et al., 2017). All three independent variables had

FIGURE 5 | OXB release pattern from CMC-4-NEMGEL, ALG-3-NEMGEL, CMC-4-GEL, and ALG-3-GEL in comparison with free OXB permeation through a
dialysis membrane (n = 3).

TABLE 4 | OXB skin permeation results (mean ± SD, n = 3).

Time (h) Permeation (µg/cm2) Permeation (%) Flux (µg/cm2/h)

12 36.1 ± 6.6 5.3 ± 1.1 1.5 ± 0.3
24 80.4 ± 4.5 11.9 ± 0.7 3.6 ± 0.2
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significant effect (with P-value of <0.05) on response variable
(particle size and zeta potential). Considering Table 2 results,
the Model F-value of for particle size and zeta potential was
4.31 and 5.53 that implied the model was significant. There is
only a 3.34 and 1.73% chance that an F-value this large could
occur due to noise. Values of “Prob > F″ less than 0.0500
indicate model terms are significant.

OXB-NEs Characterization
Surfactant mixtures with HLB ranges of 10–12 are a suitable
emulsion stabilizer in formulation of oil in water NEs. Results of
the present study revealed that increasing HLB values leads to
NEs formation with smaller particle size and the smallest size was
obtained by the HLB of 11.5 which was in agreement with
previous reports (Min et al., 2018). Surfactants can facilitate
NEs formation, therefore increasing surfactant concentration
up to an optimum level could diminish NEs particle size and
avoid unwanted particle aggregation (Ghasemiyeh et al., 2017),
while enhancing over an optimum level, surfactants could induce
micelle formation and aggregation would be predicted (Hasani
et al., 2015). As it was predicted, decreasing Oil:Wat ratio
diminished NE particle size due to the lower lipid amount
(MHFS, 2011). For particle size Oil:Wat*HLB, Oil:Sur*HLB,
(Oil:Wat) 2, and (Oil:Sur) 2 were significant model terms while
for the zeta potential Oil:Wat* Oil:Sur, and (Oil:Wat) 2 were
significant model terms.

As shown in Figure 2, 3D-model graphs revealed a binary
relationship between independent variables and responses. The
smallest NEs size was achieved with the lowest Oil:Wat ratio (1:10
ratio). Another parameter that was affecting the particle size was
the Oil:Sur ratio. Decreasing the Oil:Sur ratio leads to an increase
in the NEs particle size due to enhancement of surfactant
concentration over the optimum level (Hasani et al., 2015).
The smallest NEs were achieved with surfactant HLB value of
11.5, Oil:Wat ratio of 0.1, and Oil:Sur ratio of 1.2 (Kumar et al.,
2014). Then, increasing the HLB value, decreasing Oil:Wat ratio,
or increasing HLB value and Oil:Sur ratio leads to formation of
smaller NEs. Increasing the Oil:Wat ratio, while decreasing the
Oil:Sur ratio leads to a lower zeta potential and more
stabilized NEs.

Previous studies reported that the suitable particle size
ranges of NEs for topical drug delivery purposes is
125–148 nm (Deshmane, 2018). The negative zeta potential
could obtain acceptable physical stability for this formulation
by repulsion induction between nanoparticles and avoidance
of particle aggregations (Patel et al., 2011). A centrifugation
test was done as an indicator of stability of NEs (Shafiq et al.,
2007). Results of the stability test were coded as 1 (for
homogenous samples) and 0 (for two-phase samples) after
centrifugation. In the present study, different prepared OXB-
NEs particle sizes were in the range of 99–1057 nm and they
showed negative zeta potential in the range of -54.8 to -69.8
mv. Considering software optimization, OXB-NE2
formulation with mean diameter of 99 nm and zeta
potential of -57.3 mv was selected for further assessments.
Eight OXB-NE formulations showed suitable stability during
the test with no phase separation.

OXB-NEMGELs Characterization
Rheological test assessments were performed for all OXB-
NEMGELs and compared with commercial piroxicam gel. As
it was predictable, increasing the polymer concentration leads to
higher gel viscosity. Formulations OXB-NEMGEL-C4 and OXB-
NEMGEL-A3 containing CMC 4% and ALG 3% with the most
similar viscosity to previous reports on NEMGEL and
commercial topical gel as control were remarked (Deshmane,
2018).

Spreadability results were also similar to previous reports in
the range of 5–11 g cm2/s (Bansal et al., 2015; Radhika and
Guruprasad, 2016) which confirmed the acceptable NEMGELs
spreadability. Comparing both viscosity and spreadability results
of selected NEMGELs with commercial topical gel, OXB-
NEMGEL-C4 and OXB-NEMGEL-A3 formulations were
selected for further assessments.

OXB-NEMGEL-C4 and OXB-NEMGEL-A3 pH were 5.8 and
6.6, respectively, which were compatible with normal pH (5.5–7)
ranges of skin (Kumar et al., 2014; Radhika and Guruprasad,
2016). The rheograms of selected NEMGELs showed a
pseudoplastic shear thinning pattern which was similar to
commercial control topical gel and is suitable for topical
formulations.

The drug release pattern revealed a sustained release pattern
for OXB from the NEMGELs in comparison with GEL-C4 and
GEL-A3. Also, results showed that OXB-NEMGEL-C4 had
slower release rate up to 8 h in comparison with OXB-
NEMGEL-A3. Previous studies were reported that
metronidazole, aceclofenac, mefenamic acid, and ofloxacin-
loaded NEMGELs released 80, 55, 52, and 60% of loaded
drugs within 6 h, respectively (Modi and Patel, 2011; Khullar
et al., 2012; Rao et al., 2013; Jagdale and Pawar, 2017), therefore,
the OXB-NEMGEL-C4 with slower drug release pattern was
selected for skin permeation evaluation.

OXB-NEMGEL Ex-Vivo Skin Permeation
It was proved that NEs with average diameter of 100 nm permeate
through the skin layers via the para-cellular pathway (Sharma
et al., 2017). According to the previous study on transdermal
OXB formulation, it had the advantage of targeted drug delivery
and bypass hepatic first pass effect which reduces anticholinergic
adverse effects related to OXB oral administration (Dmochowski
et al., 2002). Although CYP450 enzyme in the skin could also
exchange 5% of absorbed OXB to its metabolite with similar
anticholinergic adverse effects, the presence of ethanol in this
NEMGEL formulation could inhibit this enzyme and prevent the
exchange of OXB to its metabolite (Jirschele and Sand, 2013). In
addition, ethanol could act as a permeation enhancer and
facilitate the dermal delivery of OXB. In the present study
considering in-vitro results, the optimized OXB-NEMGEL-A3
was assessed for the ex-vivo skin permeation test. For better
comparison, free-OXB and OXB-GEL-C4 were examined in the
same condition. Free-OXB and simple gel (OXB-GEL-C4)
formulation did not show detectable amounts of OXB
permeation through skin layers while OXB-NEMGEL-C4 had
5% (36 μg/cm2) and 12% (80 μg/cm2) drug permeation after 12
and 24 h of formulation application, respectively. Previous study
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on skin permeation of OXB transdermal patch reported 11% drug
permeation after 24 h (Jirschele and Sand, 2013). Another study
on OXB transdermal spray showed threefold higher drug
permeation than these results which may be attributed to the
higher surface area (twofold) of used membrane compared to the
present study (Bakshi et al., 2008).

Previous reports on topical drug delivery systems indicated
that one of the most important parameters that could affect skin
permeation is particle size (Ghasemiyeh et al., 2019). Overall, it
seems that OXB-NEMGELs had good skin permeation and
potential of deposition in skin organelles specifically sweat
glands and the presence of the organic phase (oil) could
enhance contact with the stratum corneum layer (Dev et al.,
2015) and also the lipid nature of NEs could enhance skin
permeation through para-cellular pathways (Sengupta and
Chatterjee, 2017).

CONCLUSION

The aim of this study was to prepare a suitable pharmaceutical
OXB-NEMGEL with sustained release pattern and permeation
ability through the skin to decrease sweat glands secretion for
hyperhidrosis management. Preliminary studies lead to select
liquid paraffin as the organic phase and Tefose 63 and Tween 80
mixture as non-ionic surfactants. HLB value, Oil:Wat ratio, and
Oil:Sur ratio were chosen variables to optimize the smallest OXB-
NEs with a stable zeta potential. Three natural and semisynthetic
common polymers (ALG, CMC, and HPMC) were used to
prepare NEMGELs. According to the rheology results, CMC-
based NEMGEL could release OXB in a sustained manner within
8 h. Skin permeation results revealed OXB flux of 1.5 ± 0.3 and
3.6 ± 0.2 μg/cm2/h after 12 and 24 h, respectively, which was
equal to 5 and 12% of drug while simple OXB gel did not
permeate OXB. Thus, OXB-NEMGEL with effective skin
permeation potential would be a novel promising drug
delivery system for hyperhidrosis management with
advantages of minimizing systemic adverse drug reactions. In

this regard, further ex-vivo and in-vivo studies are necessary to
confirm the efficacy.
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