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ABSTRACT: This study conducts a systematic investigation of the creation and
optimization of a rutin-loaded transethosome intended for topical use. The formulation’s
characteristics were thoroughly assessed for vesicle size (160.45 ± 1.98 nm), polydispersity
index (0.235 ± 0.067), and zeta potential (−22.89 mV), with an entrapment efficiency and
drug loading of 89.99 ± 1.55% and 8.9 ± 2.11%, respectively, and found to have a spherical
shape by the use of transmission electron microscopy. The conversion to a gel suitable for
application on the skin was carried out. The drug release form Opt-RUT-TE formulation
(73.61 ± 2.55%) was significantly higher than that of release form RUT-suspension (34.52 ±
1.19%). The drug that permeated the skin from Opt-RUT-TEG (935.25 ± 10.49 μg/cm2)
was significantly higher than the permeability from RUT-Suspension gel (522.57 ± 6.79 μg/
cm2). Notably, tape stripping analysis revealed that the Opt-RUT-TE gel effectively
penetrated the skin layers, with a higher concentration observed in the epidermis-dermis
than in the RUT-suspension gel. The transethosomal gel exhibited favorable characteristics,
highlighting its capacity to efficiently permeate the skin and suppress the growth of microorganisms, and Opt-RUT-TEG showed a
higher microorganism inhibition zone (Gram-positive bacteria) than that of RUT-suspension gel. The investigation highlights the
significant therapeutic possibilities of rutin in a transethosomal gel formulation for treating dermatological diseases by improving skin
permeability and exhibiting antibacterial effects.

1. INTRODUCTION
Dermatological conditions are prevalent and significantly affect
the quality of life of sufferers.1 Above, there is a list of more
than 1000 diseases that affect the skin or are related to the skin.
These diseases are categorized into 10 different groups based
on the International Classification of Disease.2 Bacterial skin
infections are a significant global healthcare concern, often
resulting in frequent emergency treatment.3 These infections
are commonly caused by disease-causing bacteria that invade
both outer layers of the skin. They can be classified as either
superficially localized or deeper skin infections.4 Historically,
Staphylococcus aureus, a bacterium that naturally resides on the
skin of around 30% of individuals, has been recognized as the
primary reason for skin infections.5

Rutin (3′,4′,5,7-tertrahyrdroxy-flavone-3-rutinoside), also
referred to as quercetin-3-rutinoside or sophorin, is a
compound consisting of the flavonol quercetin and the
disaccharide rutinose.6 Rutin exhibits notable antioxidant
capabilities against several oxidizing species, such as hydroxyl,
superoxide, and peroxyl radicals.7 Hence, it harnesses various
pharmacological functions including antiallergic,8 antiaging,9

anti-inflammatory,10 anticancer,11 antibacterial,12 antiviral,13

vasoactive, and antiprotozoal effects.14 Over 70 plant species,
such as Ruta graveolens L. (Rutaceae) and Sophora japonica L.

(Fabaceae), have been proven to be excellent sources of rutin.
Other examples include Strelitzia reginae Banks ex Aiton
(Strelitziaceae), Maranta leuconeura (Marantaceae), Orchid-
antha maxillarioides (Lowiaceae), Eucalyptus spp. (Myrtaceae),
Canna indica L. (Cannaceae), and Canna edulis Ker Gawl
(Cannaceae).15 The antibacterial properties of these plant
species have been attributed to flavonoids, terpenoids, and
tannins.16 Flavonoids are typically found in cells that undergo
photosynthesis.17 Moreover, rutin, a compound found in
various plant species, demonstrates diverse pharmacological
effects including potent antioxidant activity against reactive
oxygen species. Notably, studies have established rutin’s
effectiveness against both Gram-positive and Gram-negative
bacterial strains, underscoring its potential for combating
antibiotic resistance.18 Throughout history, formulations
containing these substances have been employed to alleviate
human ailments. The antibacterial potentials of this class of
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natural compounds have made them the primary focus of
investigation.19 Rutin is primarily hindered by its reduced
bioavailability, which is mostly due to its low solubility in
water, instability, and restricted capacity to pass through cell
membranes.20

For active substances to reach their target site and work
therapeutically, they must overcome the stratum corneum
(SC), a rate-limiting skin barrier. Although the SC protects
against infections and xenobiotics, it can also impede drug
penetration and hinder the transit of active components.21

Current research encapsulates rutin in nanocarriers for skin
delivery to address this constraint.22 Nanocarriers improve skin
permeability, active component retention, drug release,
hydrophilic and lipophilic drug incorporation, and the target
effect. Ethosomes are a unique carrier with improved skin
delivery due to their great deformability and flexibility.
Ethosomes, like liposomes, have a phospholipid bilayer and
are biocompatible but have a higher ethanol concentration.
Depending on composition, ethanol gives ethosomes specific
features such as nanovesicular size, great deformability, fluidity,
and stability.23 Transethosomes (TEs) are an upgrade of
ethosomes, containing an edge activator and ethanol,
possessing the ability to penetrate the skin more deeply and
provide protection against skin infections. This makes them
well suited for delivering substances directly to specific areas of
the skin.24 Transethosomes are formed by combining ethanol
and an edge activator, resulting in a combination of the
advantages offered by ethosomes and deformable liposomes.
As TEs, they can change shape to reach the innermost skin
layers without harm. Ethanol and sodium cholate in TE help
stratum corneum-trapped drugs migrate.
Furthermore, transethosomes improved deposition and

penetration.25 Carbomers are synthetic polymers derived
from poly(acrylic acid) with a high molecular weight. They
are cross-linked with either allyl sucrose or allyl pentaerythritol.
These substances have anionic character and consist of 56 to
68% w/w carboxylic acid groups.26 Viscosity regulates the
process of drug being absorbed into the body and the duration
it remains on the skin. The carboxy vinyl polymer (Carbopol
934) was used as a gelling agent, and it is advantageous in

topical gels since it exhibits minimal changes in viscosity within
the pH range of 5−8.27

The development of a rutin-based topical antimicrobial
formulation presents a justified advancement over existing
treatments due to rutin’s established efficacy against both
Gram-positive and Gram-negative bacteria, which is critical in
combating antibiotic resistance. Furthermore, the utilization of
innovative nanoformulations such as nanostructured lipid
carriers, ethosomes, and glycerosomes enables the incorpo-
ration of rutin for sun protection, antioxidant efficacy, and
antibacterial properties, promising superior therapeutic out-
comes compared to conventional treatments.18,28,29 This
integration of rutin into advanced nanoformulations not only
enhances its efficacy but also expands its potential applications,
addressing multiple aspects of skin health and offering a
comprehensive approach to dermatological care.
The present study methodically developed and optimized a

transethosome formulation loaded with rutin employing the
rotary evaporator method and the Box-Behnken design (BBD)
methodology, respectively. The resulting formulation was then
analyzed for vesicle size, polydispersity index, zeta potential,
and transmission electron microscopy. Additionally, the
formulation was transformed into a gel for topical admin-
istration. The formulated gel was examined for its efficacy
against Gram-positive bacteria and in vitro drug release and its
effectiveness in ex vivo drug permeation and tape stripping
studies to assess its ability to penetrate the skin. These
investigations offer a comprehensive strategy to improve the
therapeutic potential of rutin in topical applications for skin-
related ailments.

2. RESULTS AND DISCUSSION
2.1. Optimization of RUT-TE. A total of 17 runs were

obtained, with 5 of them being center points, while the
remaining 12 runs were within the limit of error. The
comprehensive analysis of each of the 17 batches is presented
in Table 1. The statistical significance of the model was
assessed using ANOVA. The quadratic model was determined
to be the most appropriate for all of the responses. For each

Table 1. Independent Factors Used to Optimize Transethosomal Preparations and the Resulting Outcomes of Dependent
Variables

A B C Y1 Y2

Formulations run Phospholipid 90G (mg) Sodium cholate (mg) Ethanol (mL) EE (%) Drug permeation (μg/cm2)

1 120 30 11 72.44 814.94
2 140 20 11 80.99 935.25
3 140 10 7 83.98 899.49
4 140 20 11 81.01 934.84
5 160 10 11 88.99 965.98
6 140 30 15 78.98 887.94
7 140 20 11 81.47 932.89
8 120 10 11 75.89 819.98
9 140 10 15 82.41 929.45
10 160 20 15 82.49 961.55
11 140 30 7 79.49 914.55
12 120 20 7 75.11 811.49
13 140 20 11 82.99 935.25
14 140 20 11 81.37 933.24
15 160 20 7 86.04 955.49
16 120 20 15 73.11 816.97
17 160 30 11 84.19 951.98
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dependent variable, Table 2 provides the R2, CV %, SD, and F
values.
2.1.1. Effect of Independent Variables on Entrapment

Efficiency % (Y1). The entrapment efficiencies varied between a
minimum value of 72.44% and a high value of 88.99%, as
indicated in Table 1. The polynomial equation below
demonstrated that the concentration of phospholipids (A,
mg) had a synergistic effect on the drug EE, whereas the
concentrations of surfactant (B, mg) and ethanol (C, mL) had
a detrimental effect.

= + +
+ +

EE% 81.57 5.65A 2.02B 0.9538C 0.3875AC

0.2650BC 1.61A 0.4195B 0.775C2 2 2

The increase in encapsulation efficiency with higher
phospholipid content can be related to the drug’s lipophilicity,
as lipophilic drugs tend to be enclosed within the phospholipid
phase of the vesicles30 as can be seen in Figure 1A. Another
contributing factor to the enhancement of entrapment
efficiency could be the increase in lipid content, which

Table 2. Statistical Parameters by ANOVA

Responses (Y1, Y2) Model R2 Adjusted R2 Predicted R2 SD CV % F value

Entrapment efficiency % Quadratic 0.9785 0.9509 0.7802 0.9864 1.22 2.01
Drug permeation μg/cm2 Quadratic 0.9995 0.9989 0.9936 1.86 0.205 4.89

Figure 1. (A and B) 3D graph depicting the effect of independent variables (Phospholipid 90G, edge activator, and ethanol) on the dependent
variable entrapment efficiency % (Y1) and drug permeability μg/cm2 (Y2).
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provides additional space for encapsulating drug molecules
within the vesicles. Additionally, it decreases the diffusion of
the drug into the surrounding aqueous phase, resulting in an
improvement in encapsulation efficiency.31 The findings from
Figure 1A and Table 1 clearly illustrate that the presence of a
surfactant has a detrimental effect on the entrapment

efficiency. With an increase in surfactant concentration, there
is a corresponding drop in entrapment efficiency. The
existence of pores inside the bilayers of the vesicles results in
the liberation of the encapsulated drug as a consequence of
leakage.32 Moreover, an increased concentration of surfactant
facilitated the production of mixed micelles, which coexisted

Figure 2. (A) Vesicle size, (B) zeta potential, and (C) TEM image of Opt-RUT-TE.
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with the transethosomal vesicles in the formulations.33,34

Similarly, the entrapment effectiveness of the ethosomal
formulation increases as the ethanol concentration increases
from 7 to 11 mL, but beyond that, the entrapment decreases as
the concentration of ethanol increases. This is due to the
increased fluidity of the membrane and the increased
permeability of the vesicles, resulting in a decrease in
entrapment efficiency. The higher ethanol concentration in
ethosomes likely enhanced the flexibility of the vesicle
membrane by lowering the interfacial tension.35

2.1.2. Effect of Independent Variables on Drug Perme-
ation. The drug permeation varied between a minimum value
of 811.49 μg/cm2 and a high value of 965.98 μg/cm2, as
indicated in Table 1. The polynomial equation below
demonstrated that the concentration of phospholipids (A,
mg) and ethanol (C, mL) had a synergistic effect on the drug
permeation, whereas the concentrations of surfactant (B, mg)
had a detrimental effect as shown in Figure 1B.

= + +

+ +

Drug permeation g/cm 934.29 71.45A 5.69B

1.86C 2.24AB 0.1450AC 14.14BC 33.78A
12.30B 14.14C

2

2

2 2

The increase in drug permeation with the increase in
phospholipid concentration could be due to their occlusive
effect on the skin leading to increased skin moisture and
flexibility, which promotes the absorption of drugs. This effect
is achieved through the interaction of the physiological lipid
composition with the stratum corneum, which affects the
reorganization of its lipids and improves the penetration of
molecules.36 Similarly, an increase in ethanol concentration
leads to an increase in drug permeability, a phenomenon often
attributed to the ethanol effect. This effect occurs as ethanol
interacts with the lipid molecules in the polar headgroup
region, altering the lipid bilayer’s structure and enhancing
permeability. This interaction leads to a decrease in the
transition temperature of lipids in the stratum corneum,
resulting in increased fluidity and decreased density of the lipid
multilayer.37 By introducing ethanol, the vesicles acquired
flexible properties, enabling the ethosomal vesicles to penetrate
more easily and deeply into the underlying layers of the skin.38

In contrast, an increase in surfactant concentration from 10 to
20 mg leads to an increase in drug permeability. This can be
attributed to the surfactant modifying the permeability of the
membrane. However, when the surfactant concentration is
further increased from 20 to 30 mg, it results in reduced drug
permeation. This could be due to the drug molecules being
trapped within the micelles and becoming unavailable for
permeation.39,40

2.2. Optimized Batch. An evaluation was performed to
verify the experimental design of the optimized formulation.
The findings revealed that the optimal composition comprises
157.94 mg of phospholipid 90G, 10.65 mg of sodium cholate,
and 10.31 mL of ethanol. The experimental results exhibited a
high degree of similarity, hence confirming the validity and
dependability of the optimized formulation.
2.3. Characterization of Opt-Rut-TE. 2.3.1. Determina-

tion of Vesicle Size, PDI, Zeta Potential, and TEM. The
vesicle size and PDI of the Opt-RUT-TE were found to be
160.45 ± 1.98 nm and 0.235 ± 0.067, respectively (Figure 2A).
A wider spread of particles is indicated by lower values of the
polydispersity index. The zeta potential value of Opt-RUT-TE
was found to be −22.89 mV as shown in Figure 2B. The

observed zeta potential values suggest that the dispersions
maintain their deflocculated state due to the presence of
electrostatic repulsion among the particles. This electrostatic
repulsion contributes to the physical stability of the dispersions
over a period of time.41 The TEM image revealed that the
vesicles produced by Opt-RUT-TE were spherical in shape as
shown in Figure 2C.
2.3.2. Entrapment Efficiency and Drug Loading. The

entrapment efficiency and drug loading of the Opt-RUT-TE
formulation were found to be 83.98 ± 2.49% and 8.39 ±
1.74%, respectively. The enhancement of hydrophobic drug
solubilization can be achieved through the utilization of edge
activators in transethosomal formulations. This leads to an
improvement in the drug entrapment efficiency and drug
loading of the formulations.42

2.4. In Vitro Drug Release. In comparison to the release
of RUT from formulation Opt-RUT-TE (73.61 ± 2.55%), the
release of RUT in vitro from a RUT-suspension via a dialysis
bag was seen to be 34.52 ± 1.19% (Figure 3). The drug release

from Opt-RUT-TE is significantly higher (p < 0.0001) than the
drug release from the suspension. The observed increase in
drug release from Opt-RUT-TE can be due to the improved
penetration aided by the smaller size of the vesicles and the
greater solubility of the drug in transethosome. Various
mathematical kinetic models, including zeroth order, first
order, Higuchi, and Korsmeyer-Peppas models, were employed
to fit the data obtained from the in vitro drug release
experiment. The study observed the Higuchi matrix model
exhibiting the correlation coefficient (R2 = 0.9497), followed
by the first-order model (R2 = 0.9239) and the zeroth-order
model, which had the lowest R2 value (R2 = 0.8253).
Consequently, Higuchi’s model was determined to be the
most suitable model for the Opt-RUT-TE, as it exhibited the
highest correlation coefficient value. The coefficient of
determination (R2) was determined to be 0.9742 through
the application of the Korsmeyer-Peppas model to fit the data
and analyze the release mechanism of RUT from Opt-RUT-
TE. The study determined that the value of n falls between the
range of 0 to 0.5 (n = 0.6879), suggesting that the release of
RUT from optimized RUT-TE exhibits non-Fickian diffusion.
2.5. Evaluation of Gel. The Opt-RUT-TEG that was

synthesized underwent an evaluation for several parameters.
The gel exhibited a pleasing and uniform visual aspect, devoid
of any granular particles. The pH values of the gel were
determined to be 5.97 ± 0.69. The achieved pH level is

Figure 3. Comparative in vitro drug release of Opt-RUT-TE and
RUT-suspension (p < 0.0001).
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deemed to be within a safe range to mitigate the potential risk
of skin irritation when the product is applied. The uniform
distribution and patient compliance of gel formulations are
dependent on two essential parameters: spreadability and
extrudability. The gel exhibited a spreadability of 61.23 ± 3.17
g·cm/s and an extrudability of 49.74 ± 5.14 g/cm2.
Concurrently, the percentage of drug content in the nanogel
was determined to be 92.78 ± 2.01%. The result indicated that
the drug content was within the prescribed range of 100 ±
10%. This suggests that the drug was uniformly dispersed
throughout the resulting formulation. Viscosity is a crucial
physical characteristic of topical preparations that significantly
affects the release of the drug. The viscosity of the gel was
found to be 6109.49 ± 319.49 cP. The viscosity also affects the
stability, spreadability, drug release, and ease of application of
dosage forms.43 Texture analysis of Opt-RUT-TEG (Figure 4)
showed a firmness (g) of 98.14, a consistency (g·s) of 79.64, a
cohesiveness (g) of −59.77, and a work of cohesion (g·s) of
−44.23.
2.6. Ex Vivo Permeation Study. Figure 5 illustrates the

comparative permeation of RUT from the optimized formula
of Opt-RUT-TEG in relation to RUT-suspension gel over a
period of 24 h. The results indicate that the optimized formula
exhibited a higher permeation (p < 0.0001) of RUT (935.25 ±

10.49 μg/cm2) compared to the RUT-suspension gel (522.57
± 6.79 μg/cm2) after 24 h, yielding a flux of approximately
0.0108 μg/cm2/s for the optimized formulation. This suggests
that RUT, when formulated optimally, may possess the ability
to surpass the stratum corneum barrier more effectively and
penetrate deeper layers of the skin. The observed behavior
might be related to the inclusion of ethanol in the TE, which
serves as a penetration enhancer. This property allows the TE
to exhibit flexibility and consequently facilitates its high
penetration.44 According to the findings, TE exerts both pull
and push actions on the intercellular interface of the stratum
corneum (SC) cells, potentially leading to increased drug
penetration. The push effect refers to a thermodynamic
phenomenon observed during the evaporation of ethanol.
On the other hand, the pull effect is a consequence of ethanol
interacting with SC lipids, leading to the creation of
supplementary pathways for penetration.44 It is important to
mention that Opt-RUT-TE had superior permeability
characteristics, as seen by a flux value of 34.36 μg/cm2/h
(approximately 0.0095 μg/cm2/s), in contrast to the 19.49 μg/
cm2/h (approximately 0.0054 μg/cm2/s) observed for the
RUT-suspension gel. The enhancement ratio, calculated as the
ratio of flux values, indicates an approximately 1.759-fold
enhancement in permeability for the optimized formulation
compared to that of the RUT-suspension gel.
2.7. Tape Stripping. The tape stripping method was used

to assess the penetration of RUT in stratum-corneum and
epidermis-dermis layers of the skin. The results indicated that
the RUT-suspension gel exhibited significantly higher retention
in the stratum corneum (703.97 ± 16.80 μg/cm2) compared to
that of the Opt-RUT-TE gel formulation (152.11 ± 34.69 μg/
cm2), whereas the Opt-RUT-TE gel formulation showed a
higher concentration in the epidermis-dermis (562.30 ± 46.00
μg/cm2) compared to that of the RUT-suspension gel (83.12
± 14.42 μg/cm2) as shown in Figure 6. Statistical analysis
confirmed the significant difference (p < 0.0001) between the
Opt-RUT-TE gel and the RUT-suspension gel. This validates
the potential of the Opt-RUT-TE gel for achieving enhanced
drug levels in the subcutaneous layer, with reduced penetration
into deeper skin layers, which is essential for topical drug
delivery systems. The slower penetration of the developed
formulation may lead to reduced systemic toxicity. Addition-

Figure 4. Texture analysis of Opt-RUT-TEG.

Figure 5. Comparative skin permeation of Opt-RUT-TE and RUT-
suspension gel (p < 0.0001).
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ally, the study’s findings, which showed the drug residing
primarily on the top of the dermal layer, suggest an improved
therapeutic drug profile for treating microbial infections.
Enhanced topical bioavailability can be attributed to various
mechanisms, including increased solubility due to RUT
transformation, penetration enhancement properties of sodium
cholate, high lipid interaction modifying the stratum corneum
structure, and enhanced thermodynamic activity. Overall, both
the permeation and tape stripping studies demonstrated the
superiority of the Opt-RUT-TE gel over the RUT-suspension
gel, indicating enhanced penetration and targeted delivery of
RUT to the superficial skin layers, thereby potentially
improving the efficacy for treating cutaneous conditions.45,46

2.8. Antimicrobial Activity. Figure 7 illustrates the
outcomes of the antibacterial efficacy of the produced Opt-
RUT-TEG and RUT-suspension gel against S. aureus (Gram-
positive bacterium). The cup−plate technique was employed
to measure the zone of inhibition. The findings demonstrated

the efficacy of Opt-RUT-TEG against S. aureus, with a zone of
inhibition that was substantially larger than that of the RUT-
suspension gel (p < 0.0001). The Opt-RUT-TEG and standard
(azithromycin) displayed inhibition zones of 20.99 ± 3.97 and
25.78 ± 2.87 mm, whereas the RUT-suspension gel displayed
an inhibition zone of 13.89 ± 2.99 mm. The findings indicate
that there is a steady decline in organism viability in a dose-
dependent way as the concentration of RUT increases. Rutin
has been well examined for its antibacterial properties against a
wide range of bacterial species. It has exhibited a significant
level of inhibition of the growth of bacteria.47 As rutin is a
flavonoid, it is widely recognized for its ability to combat
various harmful microorganisms as antibacterial agents. The
suggested antibacterial mechanisms of flavonoids encompass
the repression of nucleic acid synthesis, disturbance of
cytoplasmic membrane function, hindrance of energy metab-
olism, prevention of attachment and biofilm formation,
inhibition of porin activity on the cell membrane, and
modification of membrane permeability.48 Furthermore, the
enhanced antibacterial efficacy of Opt-RUT-TEG may be
attributed to the synergistic antibacterial effect of PEG 400 and
the nanosystems of the ethosome vesicles. PEG 400 has
significant antimicrobial properties against various pathogenic
microorganisms,49 while delivery systems such as nanoparticles
offer advantages in terms of greater intracellular absorption
compared to that of microparticles. Moreover, their minuscule
dimensions and considerable mobility make them well-suited
for drug targeting.50 The existence of ethanol and phospho-
lipids plays a vital role in impeding bacterial development since
they both compromised the structural integrity of the bacteria’s
cell wall. As a result, ethosomes could effectively permeate the
bacterial cytoplasmic membrane and achieve an ideal
concentration.23

2.9. Stability. The physical attributes were examined for a
span of 6 months at temperatures of 25 ± 2 °C/60 ± 5% RH.
The results are presented in Table 3. The results of our study
showed no considerable changes in the uniformity, color, pH,
spreadability, vesicle size, and entrapment efficiency after a
storage period of 6 months at either temperature.

3. CONCLUSIONS
The current study effectively showcased the development and
optimization of rutin-loaded transethosomes using a quality by
design (QbD) technique. The formulated transethosomes
exhibited favorable attributes, including the nanovesicle size
(<200 nm), a low polydispersity index (<0.3), and a negative
zeta potential, indicative of their stability and potential for skin
permeation. Transmission electron microscopy confirmed their
spherical morphology, validating their suitability for dermal
delivery. The optimized formulation (Opt-RUT-TE) demon-
strated significantly higher drug release compared to that of the
RUT-suspension, indicating its potential for improved
therapeutic efficacy. The conversion of the transethosomal
formulation to a gel further enhanced its applicability to skin
applications. The Opt-RUT-TE gel exhibited substantially
higher drug permeation through the rat skin compared to the
RUT-suspension gel, highlighting its superior skin penetration
capability.
Beyond enhanced permeation, the transethosomal gel

exhibited promising antibacterial activity, particularly against
Gram-positive bacteria, with Opt-RUT-TE gel showing a
higher inhibition zone compared to that of the RUT-
suspension gel. This dual functionality underscores the

Figure 6. Comparative RUT-retention by tape-stripping from Opt-
RUT-TEG and RUT-suspension gel in stratum corneum and
epidermis-dermis skin layers (p < 0.0001).

Figure 7. Comparative antimicrobial activity of Opt-RUT-TEG and
RUT-suspension gel with the standard formulation (azithromycin)
showing the inhibition zone (mm) (p < 0.0001).
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therapeutic potential of rutin-loaded transethosomal gel in
treating dermatological diseases, offering improved skin
permeability and antibacterial effects.
However, further research is warranted to explore potential

adverse effects and optimize the efficacy of formulations in
clinical studies. Overall, this study contributes valuable insights
to the therapeutic possibilities of rutin-loaded transethosomal
gel formulations for dermatological conditions.

4. EXPERIMENTAL SECTION
4.1. Materials. The rutin (≥94% (HPLC) compound was

acquired from Sigma-Aldrich Chemical Co. located in St.
Louis, MO, USA. Phospholipid 90G and sodium cholate were
acquired from Gattefosse,́ a French business located in Saint-
Priest. The dialysis membrane employed in the experiment is a
cellulose membrane obtained from Sigma-Aldrich Chemical
Co. in St. Louis, MO, USA. The membrane has a molecular
weight cut off range of 12,000−14,000 Da. The rodent albino
rat skin was purchased from Etsy Pvt. Ltd. India. Carbopol
934, poly(ethylene glycol) 400, glycerin, and triethanolamine
were obtained from El-Nasr Pharmaceutical Company in
Cairo, Egypt. The ethanol was obtained from Fisher Scientific,
situated in Loughborough, U.K. All of the remaining materials
exhibited a high level of purity.
4.2. Design of Experimental Study. The response

surface model was created using Design Expert software
(version 13, Stat-Ease Inc., Minneapolis, MN, USA) by
applying various combinations of parameters. A Box-Behnken
design (BBD) consisting of three variables and levels was
utilized to generate numerous transethosomal (TE) formula-
tions. The study examined the impact of three independent
parameters, namely, lipid concentration (mg, A), sodium
cholate (mg, B), and ethanol (mL, C) on dependent variables
such as the entrapment efficiency (%, Y1) and cumulative drug
permeation (Y2) as presented in Table 4. The independent

components were evaluated at different levels (−1, 0, 1). Table
4 presents a concise overview of the experimental design
pattern used in the Box-Behnken design. The estimation of
model and term significance was conducted using the analysis
of variance (ANOVA). The significance of probability p values
is often denoted when they are less than 0.05. Three-
dimensional surface plots were created to establish a
correlation among the results obtained from the statistical
analysis.
4.2.1. Preparation of Rutin-Loaded Transethosomes

(RUT-TE). Using a rotary evaporator, transethosomes of rutin
(RUT-TE) were developed. After the specified amounts of
phospholipid 90G, RUT, and sodium cholate were dissolved in
a 6:2 v/v solution of chloroform and methanol, the mixture
was poured into a round-bottom flask. The rotary evaporator
was used to evaporate the organic solvents at low pressure and
under vacuum, following the formation of a thin layer of the
lipid mixture in the round-bottomed flask. The lipid film was
suitable for use after 4 h of vacuuming the film to eliminate any
remaining solvent residue. The lipid film was allowed to air dry
before being rehydrated in a hydroethanolic solution for 1 h.
This solution was then added to the round-bottomed flask
containing the thin film and chilled to cause enough swelling.51

Transethosomes were next produced by ultrasonically
sonicating the dispersions for 2 min in an ultrasonicator
(UP100H, Hielscher Ultrasonics GmbH, Berlin, Germany).
4.3. Characterization of Developed RUT-TE. 4.3.1. En-

trapment Efficiency and Drug-Loading Percentage. A
predetermined volume of an Opt-RUT-TE dispersion (2
mL) was deposited in a centrifuge tube and subjected to
centrifugation at an average speed of 18,000 rpm for 20 min at
a temperature of 4 °C, utilizing a cooling centrifuge (Remi
Instruments, Pvt. Ltd., India) for assistance. The liquid portion
was isolated and analyzed by using spectrophotometry at a
wavelength of 260 nm with a Shimadzu 1800 spectropho-
tometer manufactured in Japan. This analysis was performed to
determine the amount of unentrapped drug present.52 The
calculations of percent entrapment efficiency and drug loading
were performed according to the equations below, respectively.

= ×

% Entrapment efficiency
Total amount of RUT entrapped

Total amount of RUT added
100

= ×% Drug loading
Amount of drug entrapped
Amount of drug and lipid

100

Table 3. Stability Studies of Opt-RUT-TE and Opt-RUT-TE Gel at Room Temperature (25 ± 2 °C/60 ± 5% RH)

Time (months) 0 2 4 6
Opt-RUT-TE Gel
Homogeneity Homogeneous
pH 5.89 ± 1.09 5.78 ± 0.87 5.98 ± 1.14 5.97 ± 0.61
Color Slightly yellowish
Spreadability a a a b

Extrudability a a b a

Opt-RUT-loaded TE
Physical appearance No change in appearance
Vesicle size (nm) 161.24 ± 0.79 162.78 ± 1.98 163.54 ± 1.49 164.49 ± 2.01
Entrapment efficiency (%) 83.98 ± 2.49 83.91 ± 1.47 83.11 ± 2.04 81.78 ± 1.97

aExcellent. bSatisfactory.

Table 4. Optimization by Utilizing the Box-Behnken Design
for RUT-Loaded Transethosome

Levels

Independent parameters Lowest Medium Highest

Phospholipid 90G (mg) 120 140 160
Sodium cholate (mg) 10 20 30
Ethanol (mL) 7 11 15
Dependent factors Aim
Entrapment efficiency (% EE) Maximum
Drug permeation (μg/cm2) Maximum
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4.3.2. Vesicle Size, PDI, and Zeta Potential. The vesicle
size, polydispersity index (PDI), and zeta potential were
determined through the utilization of the dynamic light
scattering (DLS) technique. The samples were appropriately
diluted with deionized water and analyzed using a Zetasizer
Nano ZS instrument (Malvern Instruments Ltd., Worcester-
shire, U.K.). The measurements were conducted three times,
and the outcomes were expressed as the average diameter (Z
average) together with the standard deviation (SD).53

4.3.3. Transmission Electron Microscopy. The surface
morphology of Opt-RUT-TE was examined by using a
Morgagni 268D transmission electron microscope (TEM)
(FEI, MA). A small amount of TE solution was applied to a
grid coated with carbon. The sample was subsequently treated
with a phosphotungstic acid stain for a duration of 10 s.
Following this, the sample was left to dry naturally at room
temperature and was then examined using a transmission
electron microscope (TEM).54

4.4. In Vitro Drug Release. The in vitro drug release of
Opt-RUT-TE and RUT-suspension was evaluated by using the
dialysis bag diffusion method. A 2 mg dose of RUT was mixed
with 2 mL of phosphate-buffered saline (PBS 7.4) to prepare
RUT-suspension. The suspension and Opt-RUT-TE were then
placed inside a dialysis bag, with both sides of the bag securely
knotted. The dialysis bag, together with its contents, was
immersed in a beaker containing 20 mL of pH 7.4 PBS, which
served as the release medium. The beaker was positioned on a
magnetic stirrer (Stuart, SB161, U.K.) operating at a speed of
50 rpm. The temperature was carefully controlled at 37 ± 1 °C
for the duration of the experiment. The release medium was
periodically replaced at specific time intervals (2, 4, 6, 8, and
24 h) with an equivalent volume of fresh PBS. The quantity of
the drug that was released was evaluated using spectrophoto-
metric analysis at a wavelength of 260 nm using a UV−vis
spectrophotometer. The experiment was conducted in
triplicate, with multiple samples being examined for each
measurement, and the mean plus standard deviation (SD) was
calculated.55

4.5. Preparation of Rutin-Loaded Transethosomal
Gel. In order to enhance the rheological properties of the gel,
Carbopol 974P (1 wt %) was employed as a supplementary
carrier. Carbopol 974P was introduced into distilled water
while maintaining continuous agitation and thereafter placed in
a dark environment for a duration of 24 h to achieve complete
swelling. Subsequently, the addition components such as
glycerin and polyethylene glycol 400 (PEG) (15% w/w) were
used as a humectant, and the addition of triethanolamine was
carried out in a gradual manner until the formation of a gel that
is both visually transparent and has desirable rheological
properties. Following gel formation, Opt-RUT-TE was
incrementally introduced and agitated to ensure thorough
homogenization.56

4.6. Characterization of Optimized Rutin-Loaded
Transethosomal Gel (Opt-RUT-TEG). 4.6.1. Homogeneity,
pH, and Drug Content. The color, transparency, grittiness,
and homogeneity of the prepared Opt-RUT-TEG were
assessed by applying the gel to transparent paper or to a
glass slide. The formulation’s pH was determined by the
utilization of a pH meter (PCT-407 portable pH Meter, Taipei
City, Taiwan). To determine the drug content, a mixture was
prepared by combining 1 g of Opt-RUT-TEG with 100 mL of
distilled water. The drug’s composition was analyzed using
spectrophotometry at a wavelength of 260 nm, comparing it to

a blank sample that included the same components but
without the drug.57

4.6.2. Spreadability and Extrudability. To conduct a study
of the efficiency of gel formulations in terms of spreadability, a
measured amount of the gel sample was deposited onto a glass
slide. Another glass slide was then positioned on top of the gel,
effectively enclosing the sample between the two glass slides.
Subsequently, the specimens were subjected to compression
between the upper and lower glass slides, employing a force of
100g, resulting in the formation of a uniform thin layer. A
fraction of the surplus material was subsequently eliminated.
The upper glass slide was successfully detached with ease
following its attachment to a 20 g weight, while the other slide
remained firmly affixed to the platform with no disturbance.
The spreadability of the upper glass was determined by
measuring the duration required to move it a distance of 7.50
cm across the thin sheet positioned on the lower glass slide. In
order to assess the extrudability of the gel formulations that
were created, the quantity of gel that was expelled from the
collapsible tubes was examined. A predetermined quantity of
nanogel formulations was measured and subsequently
deposited in collapsible tubes. Then the extrudability of the
formulations from the collapsible tubes was determined by
measuring the weight (in grams) required to extrude a 1 cm
ribbon, expressed as g cm−2.58

4.6.3. Viscosity Measurement and Texture Analysis. The
viscosity of the transethosomal gel was measured at a
temperature of 25 ± 1 °C using a Brookfield viscometer
(model DV-II, spindle number 02, Middleboro, MA, USA). A
fraction of the gel formulation was transferred to a beaker and
allowed to settle at ambient temperature for a duration of 30
min. The spindle was inserted into the mixture without making
contact with the bottom of the beaker and rotated at a speed of
20 rpm. The viscosity was measured and recorded in centipoise
(cP).59 The instrumental texture profile analysis (TPA) was
performed using a stable microsystems texture analyzer (model
TA-XT2; StableMicrosystems Ltd., Godalming, Surrey, U.K.).
The texture analyzer was connected to the computer software
known as “texture expert”. The gel was incorporated into a 100
mL beaker evenly without the formation of any bubbles. Prior
to experiment, the equipment was automatically calibrated to
zero, specifically when the top plate made contact with the
surface of the gel.60

4.6.4. Ex Vivo Skin Permeation. In this investigation, a
Franz diffusion cell with a diffusion area of 1.76 cm2 was
employed, demonstrating its efficacy and efficiency. The
rodent albino rat skin (1 cm2) was positioned onto the
diffusion cell, ensuring that the dermal side was in contact with
the receptor phase. A diffusion medium of 10 mL, specifically
pH 7.4 phosphate-buffered saline (PBS), was introduced into
the receptor compartment. Subsequently, the medium under-
went a reduction in stirring intensity with the magnetic stirrer
operating at 100 rpm (rpm). The system was maintained at an
equilibrium temperature of 37 ± 0.5 °C. Approximately 20 mg
of gel was administered and evenly distributed across the
designated diffusion area on the skin. The estimation process
involved extracting the sample solution from the receptor
compartment at specific time intervals as mentioned in the in
vitro study and replacing it with a fresh buffer medium. Each
trial was conducted over a 24 h period (0, 0.5, 1, 2, 4, 6, 8, 12,
and 24 h), during which the permeation of drug released via
the skin was determined using UV spectrophotometry at 260
nm.61
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4.7. Tape Stripping Method. The method of tape
stripping was employed to assess the levels of RUT from
Opt-RUT-TEG and RUT-suspension gel accumulated within
the stratum corneum-epidermis and epidermis-dermis layers of
the skin, as carried out by Bolla et al.45 Upon completion of
skin permeation studies, the skin samples were delicately
removed from the cells and positioned on a flat surface to
expose the diffusion area. Any excess formulation present on
the skin surface was gently eliminated by softly rubbing the
skin with tissue. The stratum corneum and portions of the
epidermis layers were then isolated by using 3M Scotch Magic
tape. Precut pieces of tape were pressed onto the skin and
promptly removed with forceps to strip away the stratum
corneum (with the initial strip being discarded). Typically, an
average of 10 strips were needed to entirely remove the
stratum corneum. The remaining epidermis-dermis layers of
the skin were subsequently diced into small fragments using
sterile surgical scissors. All of the strips (excluding the first)
and skin fragments were transferred to a conical tube
containing 10 mL of methanol for RUT extraction. The
extraction process involved sonication in an ultrasonic water
bath for 30 min, followed by overnight incubation at 4 °C.
Postextraction, the resulting solution underwent centrifugation
for 30 min at 15,000 rpm, and the drug content in the
supernatant was evaluated using a UV spectrophotometer.45

4.8. Antimicrobial Activity. The present study aimed to
assess the antibacterial efficacy of the standard (azithromycin),
Opt-RUT-TEG, and RUT-suspension gel by the cup−plate
technique, targeting the inhibition of Staphylococcus aureus (S.
aureus) growth. The cup−plate approach was employed in
accordance with the experimental methodology conducted by
El Atki et al., with specific alterations.62 The plates underwent
an initial sterilization process lasting 60 min in a hot air oven
set at a temperature of 160 °C. Subsequently, 10 mL of sterile
nutritional agar medium, which had undergone sterilization for
a duration of 15 min at a temperature of 121 °C in an
autoclave, was dispensed onto each plate. The plates were
allowed to undergo solidification in a sterile environment, after
which the microorganism was introduced into the plates.63

Three cups, each with a diameter of 3 mm, were fabricated on
the plate by using a cork borer. Subsequently, the samples were
introduced into the cups to assess their effectiveness. The
plates were thereafter placed in an incubator set at a
temperature of 25 °C for a duration of 24 h. Following
incubation, the zone of inhibition for each preparation was
evaluated using a graduated scale, and the results were
subsequently compared.
4.9. Stability. To assess the stability of Opt-RUT-TEG, the

formulation was stored at a temperature of 25 ± 2 °C/60 ± 5%
RH for a duration of 6 months. The samples were collected in
a systematic manner at regular intervals of 0, 2, 4, and 6
months. Each sample was subjected to triplicate analysis to
assess visual characteristics, physical appearance, vesicle size,
entrapment efficiency, pH levels, spreadability, and extrud-
ability.58,64

4.10. Statistical Analysis. The data obtained were
presented as means ± the standard deviation (n = 3). The
statistical analysis employed the use of one-way ANOVA,
utilizing GraphPad Prism version 8. A statistically significant
difference was considered when the p value was less than 0.05
and 0.0001.
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