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ABSTRACT 

Objective: Transethosomes (TEs) have introduced an emerging avenue of interest in vesicular research for transdermal delivery of drugs and can 
be a proper delivery system for painkillers like NSAIDS. This study aimed to formulate and characterize the potential of TE to enhance the 
transdermal transport of Dexketoprofen trometamol (DKT) to achieve controlled pain management compared to DKT solution. 

Methods: Factorial design (23) was adopted to appraise the influence of independent variables, namely, Lipoid S100 and surfactant concentrations 
and surfactant type (X3) on the % solubilization efficiency (% SE), vesicle size (VS), and % release efficiency (% RE). Thin film hydration was the 
preferred approach for preparing TEs where vesicle size, zeta potential, polydispersity index, %SE and %RE were investigated. The optimized 
formula was nominated and subjected to several studies. For the permeation study, optimum TE was incorporated into carbapol gel base for 
comparison with DKT solution. Also, an accelerated stability study was assessed for optimized formula. 

Results: All the prepared DKT-loaded TEs revealed acceptable VS, PDI, and ZP. The highest %SE (86.08±1.05 %) and lowest %RE (44.62±1.36 %) were 
observed in case of F1. The optimized formula (F1) displayed VS of 133.2±1.62 nm, PDI of 0.342±0.03 and ZP of-21.6±2.45 mV. F1 revealed enhanced skin 
permeation of a 2.6-fold increase compared with DKT solution. Moreover, F1 was stable upon storage and a non-significant change (P>0.05) was observed.  

Conclusion: DKT was successfully incorporated into vesicle carrier and can signify an alternative option for providing this therapy, bypassing the 
poor bioavailability and considerable adverse consequences of using the oral route besides improved patient compliance. 
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INTRODUCTION 

Since the skin is by far the most complicated organ in the human 
body, it tends to provide a challenge to the nanomedicines field as it 
affords respective merits over other administration routes including 
escaping of first-pass effect, minimal changes in plasma drug levels 
and respectable patient compliance [1]. Due to the obvious complex 
skin aspects, transdermal administration stands as a challenging task 
for the therapeutic agent to exhibit its therapeutic activity. The 
Stratum corneum (SC) represents the epidermis's top layer, and acts 
as a barricade to drug penetration [2]. Drugs that possess either low or 
high partition coefficient face struggle in reaching systemic circulation 
and therefore this can be resolved via the use of innovative drug 
delivery vesicles such as ultra-deformable vesicle [3, 4].  

Dexketoprofen trometamol (DKT) is an NSAID that was developed 
as a water-soluble trometamine that acts as a painkiller and anti-
inflammatory in case of musculoskeletal disorders associated with 
pain such as back pain and osteoarthritis [5]. It is generally 
established that traditional routes of administration have several 
issues, as mentioned before and these challenges can be resolved by 
inventing a transdermal drug delivery (TDD) via use of special 
nanocarriers as vesicles [6]. 

Vesicular systems appear to represent a new era of research in the 
nano-delivery field owing to their physicochemical properties, such 
as deformability, size, and charge [7]. Transethosomes (TEs) seems 
like one of those critical vesicular systems which were originally 
envisioned by Song et al. [4]. The TE system includes the essential 
components of conventional ethosomes as well as surfactant (SAA) 
in their composition [8]. The presence of a high concentration of 
ethanol in TEs fluidizes the stratum corneum’s lipid layer and 
enables them to infiltrate via microscopic holes generated by 
fluidization [9]. The inclusion of SAA provides the produced vesicles 

flexibility, where they can deform and pass via the skin-tight 
constriction with no observable loss [1, 10]. Additionally, TEs offer a 
semisolid dosage form for administration, which encourages good 
compliance besides improved drug permeation via skin and evades 
pre-systemic absorption [4, 11]. Subsequently, TE represents a 
suitable nanocarrier for transdermal delivery of DKT. Different 
techniques of DKT delivery have been studied, notably to produce 
oral formulations [5]. Nevertheless, there has been limited study on 
dermal or local DKT delivery [12]. Accordingly, this study intended 
to formulate and characterize the potential of TE to enhance the 
transdermal transport of DKT to achieve an efficient anti-
inflammatory and pain management compared to DKT solution.  

MATERIALS AND METHODS 

Materials 

Dexketoprofen trometamol (gift sample from Marcyrl Pharmaceutical 
Industries, Obour, Egypt); Lipoid S100 and Cremophor RH 40 (Sigma-
Aldrich, Co., Steinheim, Germany); Labrafil (Gattefosse, Saint-Priest 
Cedex, France); potassium dihydrogen phosphate, disodium hydrogen 
phosphate (EL Nasr chemical company, Cairo, Egypt); Carbopol 940®; 
triethanolamine (Nouresh’ shark Company, Cairo, Egypt); methanol-
HPLC grade (Sigma-Aldrich, MO, USA); Deionized Water for Injection 
(Al Mottahedoon Pharma, Cairo, Egypt); Dialysis cellophane 
membrane (1-inch width-cut off 12000-15000 Da, HIMEDIA, India)  

Methods 

Construction of the experimental design 

DKT-loaded TE was created and optimized utilizing the findings of 
23 full factorial designs employing Design Expert® software version 
7. (Stat-Ease, Inc., Minneapolis, MN, USA). The experimental design 
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entails investigating the impact of three independent variables, viz., 
X1: Lipoid S100 concentration, X2: SAA concentration, and X3: SAA 
type on DKT TE solubilization efficiency (Y1, %SE), mean vesicle size 

(Y2, VS) and percentage release efficiency (Y3, %RE). Eight sets were 
constructed basis on the findings of the preceding stated design, 
with all the variables and levels presented in (table 1). 

 

Table 1: 23 Factorial design DKT loaded TEs fabrication and optimization 

Independent variables Levels 
Low High 

X1: Lipoid S100 concentration 1% 4% 
X2: SAA concentration 0.2% 0.8% 
X3: SAA type Labrafil Cremophor RH 40 
Dependent variables Desirability constraints 
Y1: SE (%) Maximize 
Y2: VS (nm) In-range 
Y3: RE (%) Minimize 

 

Formulation of DKT-loaded TEs 

The drug was enclosed in lipid vesicles by using a thin film hydration 
process. Firstly, the quantified weight of Lipoid S100 and SAA 
(Labrafil and Cremophore RH 40) with DKT according to the 
composition shown in (table 2) were transferred in a clean, dry 
round bottom flask where methanol was utilized to dissolve the lipid 
components. To establish a thin lipid layer just above the lipid 
transition temperature, a rotary evaporator was utilized. It is kept 
under pressure for 24 h to remove organic solvent residues. By 
spinning at 60 revolutions per min, the formed film was hydrated 
with DKT (1% w/v) ethanolic 20% v/v solution. Sonication is 
utilized to shrink the vesicles to a more controllable size [13, 14]. 

Characterization of the prepared DKT-loaded TEs 

Calculation of DKT percentage solubilization efficiency (%SE) 

The solubilization efficiency of DKT-loaded TEs was determined via 
the ultracentrifugation method. TEs were separated using a cooling 
centrifuge at 15,000 rpm and 4 °C for 60 min. The sediment and 
supernatant liquid was separated, and the amount of drug in the 
sediment was assessed by rupturing the vesicles with methanol, 
while the amount of DKT was quantified spectrophotometrically at 
max 260 nm [1, 15]. SE can be calculated as follows:  

%SE =
Amount of encapsulated DKT

Initial amount of DKT
∗ 100 

Vesicle size (VS), polydispersity index (PDI), and zeta potential 
(ZP) determination of the DKT-loaded TEs 

Sample dilutions were adopted followed by analysis at room 
temperature using Malvern Zetasizer [1, 7, 16, 17]. 

In vitro release studies of DKT-loaded TEs 

In vitro DKT release from TEs was carried out using the dialysis bag 
method as reported by Verma et al. [18]. In this method, 1 ml of TEs 
suspension was loaded to dialysis membrane (previously soaked in 
phosphate buffer saline PBS, pH = 7.4) followed by immersion of 
soaked dialysis bag containing TEs suspension in release medium of 
500 ml PBS where the DKT release was proceeded using USP 
dissolution system, Distek Type II at 37±0.5 °C and 100 rpm. At 
varying time intervals, samples were gathered and replaced 
immediately with 1 ml PBS held at the same temperature. The 
samples were investigated at the predefined max λmax = 260 nm 
using a UV spectrophotometer [19]. 

Selection of the optimized formula 

Optimization of DKT-loaded TEs formulae was implemented based 
on the prediction of desirability value. The metrics used to pick out 
the optimum formula was accomplishing VS in range<250 nm, 
lowest %RE besides achieving the highest % SE. 

Incorporation of DKT-loaded TEs into gel 

DKT-loaded TEs gel was prepared by gently swirling the optimized 
DKT-loaded TEs into a pre-prepared gel base. Carbopol 940® (1 % 
w/w) was soaked in distilled water and left to thicken inside the 

refrigerator overnight to create the gel base. After that, gel 
formation necessitates neutralization, which was accomplished by 
adding triethanolamine dropwise alongside constant agitation until 
a pH of 7.0 was achieved, resulting in the formation of a unified 
translucent gel [20, 21]. 

Characterization of the DKT-loaded TE gels 

Vesicles morphology of the optimized DKT loaded TEs using a 
Transmission electron microscope (TEM) 

The vesicular dispersion was deposited on a carbon-coated copper 
grid, dyed with 1.5 % (w/v) phosphotungstic acid, and then 
photographed and inspected for morphological evaluation [22]. 

Fourier transform infrared spectroscopy (FT-IR) 

Potassium bromide (KBR) pellet technique was adopted to perform 
FT-IR analysis of pure DKT and the optimal formula where a mixture 
of sample and KBr was pulverized at 10 kg/cm in a hydraulic press, 
yielding a translucent pellet which inserted in the sample container 
and scanned in FT-IR from 4000 cm-1 to 500 cm-1 [23-25]. 

Ex-vivo skin permeation evaluation of DKT-loaded TEs gel 

The transdermal permeability of DKT loaded TEs gel and DKT 
solution through male Wistar rat (150-170 g) skin was studied 
(purchased from the animal house of Applied Research Center for 
Medicinal Plant, Egypt and the study was approved by the 
Institutional Animal Ethics Committee, Faculty of Pharmacy, Cairo 
University, Egypt, code PI 2332). Rats were kept in cages at 27±2 °C 
with an alternate 12 h light and dark cycle and unrestricted access to 
food and drink. The hair on the rat's dorsal side was gently excluded 
with an electrical razor. Excision of the shaved skin part (full 
thickness) was carefully done, and the subcutaneous fat tissue was 
removed. Following that, skin that has been removed was properly 
rinsed with phosphate buffer saline (PBS, pH =7.4), and before being 
carved into parts, it is thoroughly checked for integrity as well as 
any fractures or furrows which were then used for permeation 
studies using Franz diffusion apparatus with a diffusion surface area 
of 1.7 cm2 and the SC facing the donor compartment [22, 26]. The 
test was set up analogous to the in vitro release, except the 
membrane was replaced by dorsal skin, with the SC facing the donor 
compartment. To maintain sink conditions, specimens were drained 
on a constant schedule and restored with an equal volume of fresh 
medium. Each sample was analyzed using HPLC at λmax of 260 nm.  

Stability Study of the optimized DKT-loaded TEs gel 

The stability studies of the optimized DKT-loaded TEs gel include 
assessment of VS, PDI, ZP, %EE, and %RE using the same methodology 
after three months of storage in sealed glass vials at 5±3 °C. 

RESULTS AND DISCUSSION 

Characterization of the prepared DKT-loaded TEs 

Influence of formulation variables on solubilization efficiency 

Still, the drug encapsulation within the lipid vesicle is the challenge 
for the invention of nanocarrier that affords better stability 
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formulation, required delivery, and permeability [27]. The outcomes 
for %SE of different prepared TEs are revealed in (table 2) where 
the value ranged from 22.54±1.12% to 86.08±1.05% where the TEs 
comprising the high concentration of Lipoid S100 and labrafil as SAA 
with low concentration recorded the uppermost %SE compared to 
other prepared DKT loaded TEs as displayed in (fig 1). As well, the 
regression analysis presented that formulation variables had a 
significant impact (p<0.0001) on %SE as revealed in (table 3). Based 
on the sign of coefficient estimate for the influence of Lipoid S100 
concentration, SAA concentration, and SAA type (+8.91,-12.49 and-
10.78 respectively), the %SE of TEs were found to have a positive 
correlation with the former and negatively with the latter. 
Additionally, it was established that the SAA concentration (X2) 
signifies the most influential variable on TE %SE, as illustrated by 
the sum of their square values (1269.41 for X1, 2495.50 for X2 and 
1858.04 for X3) and f-value (650.59 for X1, 1279.25 for X2 and 952.47 
for X3). According to (fig. 1), the %SE of the formed DKT-loaded TEs 
was proportional to the Lipoid S100 concentration, with a noticeable 
rise in %SE as the Lipoid S100 concentration increased from low 
(1%) (59.7±1.21%) to high level (4%) (86.08±1.05%). That could be 
because phospholipid forms a more condensed and packed 
structure, contributing to increased drug entrapment in this lipidic 
area [28]. Moreover, boosting the concentration of Lipoid S100 
resulted in the formation of a large number of TE vesicles which 
hence increases the dimensions of the domain and makes space for 

the entrapment of the drug [29]. Concerning the impact of X2 on %SE 
where other factors are constant, altering SAA concentration from 
0.2% to 0.8% cause a significant decrease in %SE of DKT loaded TE 
from 86.08±1.05% (0.2% SAA) to 59.70±1.21% (0.8% SAA) and this 
is confirmed by the negative sign of the coefficient of estimates (-
12.49). It was reported that increasing concentration of SAA or edge 
activator causes a reduction in vesicular size and hence causes a 
decrease in %SE [30]. As well, the decrease in %SE with a high level 
of SAA concentration (Labrafil or Cremophore) may be indicative of 
the presence of micelle structure in conjunction with vesicles in the 
formulation; micelles tend to have a lower entrapment capability 
over vesicles [28]. Concerning SAA type (X3) where other factors are 
constant, it was observed that upon shifting the SAA type from 
Labrafil (F1) to cremophore (F5), a significant decrease in %SE of 
DKT loaded TEs from 86.08±1.05% to 70.88±0.09% and similarly it 
was confirmed by the negative sign for the coefficient of estimates (-
10.78). This is consistent with the findings of Aboud et al. [31] and 
would be confirmed based on SAA hydrophilic-lipophilic balance 
(HLB) values; labrafil and cremophore, which was 9 for the former 
and 15 for the latter. Low HLB SAAs are known to be more lipophilic, 
which promotes drug entrapment [32].  

The coded equation that clarified the influence of X1, X2 and X3 on % 
SE is as follows:  

Y1 = 52.04+8.91 X1–12.49 X2-10.78 X3 
 

 

Fig. 1: Independent formulation variables effect (X1: Lipoid S100; X2: SAA conc. and X3: SAA type) on solubilization efficiency (%SE), 
vesicle size (VS), and release efficiency (%RE) beside the overall desirability (results were expressed as mean±SD, n=3) 

 

Table 2: The 23 factor ial exper imental design of DKT-loaded TEs included exper imental runs, independent var iables, and repor ted outcomes 

Formulae 
code 

Independent variables  Responses 
X1 X2 X3 Y1 Y2 Y3 
Lipoid S100 conc (%) SAA conc (%) SAA type PDI ZP (mV) SE (%) VS (nm) RE (%) 

F1 4% 0.20% Labrafil 0.342±0.03 -21.6±2.45 86.08±1.05 133.2±1.62 44.62±1.36 
F2 1% 0.20% 0.466±0.05 -27.5±1.75 59.7±1.21 89.97±2.11 57.92±2.21 
F3 4% 0.80% 0.179±0.24 -19.6±2.47 56.65±0.08 82.49±0.60 66.39±1.24 
F4 1% 0.80% 0.300±0.06 -24.4±0.45 48.84±1.28 68.55±0.57 73.71±1.58 
F5 4% 0.20% Cremophor  0.221±0.05 -20.50±1.25 70.88±0.09 93.51±1.78 56.72±2.38 
F6 1% 0.20% 0.343±0.23 -19.00±1.50 41.46±1.13 60.21±0.78 65.3±3.12 
F7 4% 0.80% 0.133±0.09 -20.3±2.33 30.18±0.86 51.61±2.50 72.38±1.87 
F8 1% 0.80% 0.265±0.32 -26.21±1.54 22.54±1.12 50.36±3.03 82.98±2.6 

Data represented as a mean±SD; n=3, PDI: Polydispersity index; ZP: Zeta potential; SE: Solubilization efficiency; VS: Vesicle size; RE: Release efficiency 
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Table 3: Analysis of variance of DKT loaded TEs responses 

Source Coefficient estimates Sum of squares Mean square F-value *p-value  
%SE (Y1) 
Model - 5622.68 1020.86 523.32 <0.0001 Significant 
X1 8.91 1269.14 1269.14 650.59 <0.0001 
X2 -12.49 2495.50 2495.50 1279.25 <0.0001 
X3 -10.78 1858.04 1858.04 952.47 <0.0001 
 VS (Y2)  
Model - 9451.45 1770.64 285.37 <0.0001 Significant 
X1 11.47 2103.14 2103.14 338.96 <0.0001 
X2 -15.48 3836.56 3836.56 618.33 <0.0001 
X3 -14.81 3511.75 3511.75 565.98 <0.0001 
%RE (Y3) 
Model - 1954.43 327.22 33.15   
X1 -4.97 396.01 396.01 40.12 0.0001 Significant 
X2 8.86 1256.70 1256.70 127.30 <0.0001 
X3 4.34 301.72 301.72 30.56 0.0004 

X1: lipoid S100 concentration; X2: SAA concentration; X3: SAA type, *P<0.01 indicates significant difference 

 

Influence of formulation variables on vesicle size 

Vesicle size is essential for transdermal delivery of drug-loaded 
nanocarriers and so submicron sizes permit an effective penetration 
into the stratum corneum [30]. As revealed in (table 2), the values 
for PDI and ZP ranged from 0.133±0.09 to 0.466±0.05 for the former 
and-19.00±1.50 mV to-27.5±1.75 mV for the latter. The vesicle size 
of all the prepared DKT-loaded TEs ranged from 50.36±3.03 nm to 
133.2±1.62 nm where the formulation variables revealed a 
significant effect (p<0.0001). For given levels of each variable, the 
coded equation yields an estimate of the response (Y2) where the 
coefficient of estimates for X1 has a positive sign indicating a positive 
correlation between lipoid S100 concentration and TE vesicle size 
which means that increasing the level of X1 from 1% (89.97±2.11 
nm) to 4% (133.2±1.62 nm) resulted in larger vesicle size. 
Phospholipid concentration (Lipoid S100) has been demonstrated to 
alter the vesicular size, with increasing phospholipid concentration 
increasing the vesicular size by continuing to increase bilayer width 
[33, 34]. On the contrary, X2 and X3 presented a negative correlation 
with VS based on the sign of the coefficient of estimates (-15.48 and-
14.81). Altering the SAA concentration from 0.2% to 0.8% resulted 
in VS reduction from 93.51±1.78 nm to 51.61±2.50 nm. Since the 
amphiphilic head group occupies more space than the hydrophobic 
tail's cross-sectional area, the SAA molecule has a cone-like shape. 
When SAAs engage with lipid bilayers where the hydrophobic parts 
infiltrate the lipid bilayers and the polar head groups coupled to the 
lipid polar segments. Raising the SAA concentration widened the gap 
between both the hydrophobic chain lengths of Lipoid and SAA, 
prompting the curvature of lipid SAA aggregates to increase. As a 
result, the cone-shaped SAA disrupts the tightly packed lipid bilayers, 
resulting in reduced VS [35]. The data also revealed that the VS was 
proportional to the amount of drug entrapped in the vesicles. Thus, the 
%SE decrease would provide additional clarification for the lower VS 
[1]. In terms of SAA type (X3), the VS was higher for TEs formulae 
prepared employing cremophore than for corresponding formulations 
prepared containing Labrafil, which can be seen in (fig. 1). Yeo et al. 
[36] claimed that as the HLB value of SAA reduced, the VS increases, 
which is attributed to a reduction in the hydrophilic component of 
SAA. Therefore, labrafil with the low HLB value (9) compared to 
cremophore (HLB =15), as mentioned earlier, resulting in the highest 
VS. Abdulbaqi et al. [33] reported that TEs prepared via Labrafil 
revealed greater VS than that prepared using Tween 20 (HLB= 16.7). 

The coded equation that clarified the influence of X1, X2 and X3 on VS 
is as follows:  

Y2 = 78.74+11.47 X1–15.48 X2-14.81 X3 

Influence of formulation variables on release efficiency 

The in vitro release profile of DKT from different prepared TEs can 
be seen in (fig. 2), confirming that all developed formulae 

displayed controllable release within 8 h. As shown in (table 2), 
the values for %RE ranged from 44.62±1.36% to 82.98±2.60%, 
which is regarded as a controlled release compared to the DKT 
solution that recorded %RE of 86.57±0.16%. Statistical analysis 
demonstrated that all formulation variables possess a significant 
effect (p<0.0001) on %RE where the most influence factor was X2 
(SAA concentration) (sum of squares = 1256.70) compared to X1 
(396.01) and X3 (301.72). The impact of boosting Lipoid S100 
concentration from 1% to 4% resulted in a decrease in %RE from 
57.92±2.21% to 44.62±1.36%. This negative effect occurs due to 
the existence of compact and condensed vesicle structure at a high 
concentration which later delays DKT release [31]. Upon shifting 
the level of X2 from low to high value, %RE increases from 
44.62±1.36% to 66.39±1.24% which indicates a positive 
correlation between X2 and X3 (verified by the+sign of the 
coefficient of estimates). As stated previously, VS of TEs decreases 
with increased SAA concentration and hence increases surface 
area resulting in higher %RE [34]. A similar pattern also occurs in 
the case of X3 where the vesicles prepared via labrafil attain %RE 
of 44.62±1.36% when compared to cremophore 56.72±2.38% and 
this is in harmony with the outcomes as per Albash et al. [1] where 
SAA with low HLB value slows down the drug release. This might 
be attributed to that TEs containing cremphore produce VS small 
compared to that prepared using labarfil, so resulted in increasing 
total surface area besides micelles [37] formation, which hence 
increases %RE [32]. 

The coded equation that clarified the influence of X1, X2 and X3 on 
%RE is as follows:  

Y3 = 65.00-4.97 X1+8.86 X2+4.34 X3 

Optimization of the formulation through using the desirability 
function 

For optimization, certain criteria were established for an 
assortment, including attaining the required VS, maximum % SE and 
lowest %RE as represented in (table 1) to fig. out the best formula 
with the relevant features. The optimal independent variable values 
were collected in the current study via numerical optimization 
according to acceptable criteria for all outcomes. The formula 
prepared utilizing a combination of 4% lipoid S100 and 0.2% labrafil 
(F1) accomplished the mandatory criterion with a higher value of 
desirability (0.966) as illustrated in (fig. 1). Formerly, F1 was 
nominated to be subjected to further investigations where it was 
formulated as a gel using 1% w/w carbopol. 

Vesicles morphology of the optimized DKT loaded TEs gel using 
a Transmission electron microscope (TEM) 

Fig. 3 displayed the morphological assessment of the optimum 
formula where uniform spherical-shaped vesicles were observed. 
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Fig. 2: In vitro release graphic illustration of DKT from TEs (a): Labrafil; (b): Cremophor (results were expressed as mean±SD, n=3) 

 

 

Fig. 3: TEM photomicrograph of the optimum TE formulation (F1) 

 

 

Fig. 4: FT-IR of DKT, TE components and optimum formulation (F1) 
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Fourier transform infrared spectroscopy (FT-IR) 

Fig. 4 displayed FT-IR spectra for DKT, lipoid, labrafil, and optimum 
formula (F1). The characteristics peaks for DKT occur at 1600 cm−1 
and 1650 cm-1accredited to carbonyl vibrations; the benzopyran 
ring has alluded to 860 cm-1 and 690 cm-1. Additionally, (fig. 4) 
displayed spectra for F1 where characteristic peaks were deprived 
of fluctuation, therefore indicating the absence of interaction 
between DKT and TE components [5]. 

Ex-vivo skin permeation evaluation of DKT-loaded TEs gel 

Fig. 5 displayed the outcomes for ex vivo skin permeation of DKT 
loaded TEs gel compared to DKT solution, where the results 
displayed a 2.6-fold increase in % DKT permeation upon comparing 

the former with the latter as shown in (fig. 5). The inclusion of 
ethanol, phospholipids, and surfactants is accountable for the 
increased skin penetration considerably of DKT from TEs gels (F1) 
over DKT solution. These components strive to improve DKT skin 
penetration by enhancing the vesicle malleability and the skin lipid 
breakdown, resulting in a greater number of TEs infiltrating the 
skin's deepest layers and releasing the drug [26, 38]. 

Stability study of the optimized DKT-loaded TE gel 

Upon comparing the VS, PDI, ZP, %EE, and %RE of the optimized 
formula formerly and after storage, a non-significant change 
(P>0.05) in all pre-mentioned assessments was observed, 
confirming that the optimized DKT loaded TE was stable under 
accelerated storage condition. 

  

 

Fig. 5: Ex-vivo DKT permeation profile from the optimum TE formulation (F1) and DKT solution (results were expressed as mean±SD, n=3) 
 

CONCLUSION 

DKT-loaded TEs were formulated and optimized using full factorial 
design 23 as an experimental design to study the influence of 
different variables on TEs properties. The thin film hydration 
process was used to develop TEs where all prepared DKT-loaded 
TEs revealed acceptable VS, ZP and PDI. The optimized formula (F1) 
was selected based on achieving the highest %SE, acceptable VS, and 
lowest %RE, which was consequently renovated into gel to be ready 
for skin permeation. F1 revealed improved skin permeability better 
than DKT solution and it was stable under accelerated storage 
conditions. As a result, it is hypothesized that TEs gels are promising 
carriers for DKT transdermal administration. These carriers offer an 
alternative option for providing this therapy, bypassing the poor 
bioavailability and considerable adverse consequences of using the 
oral route. Finally, vesicular carriers have piqued the interest of 
experts in the domain of innovative drug delivery, maintaining the 
relevance of vesicular carrier applications in therapeutics and 
pharmaceutical delivery. 
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