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1. Introduction

Abstract

For the treatment of resistant cancers characterized by BRAF-V600E gene mutations,
such as melanoma and advanced lung adenocarcinoma, the FDA has granted a license
for trasmetinib (TM), a targeted therapeutic. Inhibiting mitogen-activated extracellular
signal-regulatory kinase (ERK) is key to its efficacy. However, commercial TM is poorly
soluble, cannot target certain biological targets, and most worrisomely, it is easy to
induce tumor cells to develop resistance to many medications, therefore, it has limited
practical medical applications. We formulated TM-BLs, which are bilosomes that
contain TM, and evaluated their entrapment efficiency, zeta-potential, and vesicle size.
The formulations including cholesterol, sodium deoxycholate (SDC), and Tween 80
were used for thin film hydration. The formulations coated with the high concentrations
of the mucoadhesive polymer chitosan (0.5 and 1% w/v) performed the best. Surface
morphological, anti-oxidant, and antibacterial tests were conducted on the bilosomes
coated with chitosan (TM-CBLs). For BS3, the synthesized TM-BLs had a nanometric size
of 185.34 + 5.28 nm, whereas for BS5, it was 295.31 + 6.31 nm. In addition, their electrical
conductivity increased, from 56.49 + 0.16 to 80.27 + 0.64%, and they possessed a negative
zeta potential of -10.74 + 1.06 and -21.54 + 1.42 mV. Their polydispersibility index was
also less than 0.5. These findings led to the subsequent coating of the selected
formulation (BS2) with chitosan. The end outcome was an increase in vesicle size (268.49
+ 2.3Inm), a positive zeta potential (17.36 + 0.52 mV), and an enhancement in drug
release (69.37 + 1.34%). Because, chitosan is a polymer that adhears to mucous
membranes, TM-CBLs formulation showed significantly better permeability and
mucoadhesion (p < 0.05) than the formulation BS2. When chitosan is bound to BL
surfaces, it opens previously impermeable tight membrane junctions, allowing for
increased permeability. The vesicles were clear and unaggregated, as confirmed by
scanning electron microscopy results. TM-BLs and TM-CBLs showed significantly
higher antioxidant activity compared to pure TM. Bile salt and chitosan coating
improved solubility and enhanced radical scavenging effects. The zones of inhibition for
antibacterial and anti-oxidant activities demonstrated better outcomes. This study
suggests that TM-BLs can impede the success of traditional distribution techniques.

Bilosomes incorporate bile salts into their membranes vesicular carrier systems outperform alternatives in
and are novel vesicular nanocarriers. These nano- terms of flexibility, elasticity, and ultradeformability.
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Liposomes and niosomes are two examples of
conventional nanovesicular carriers that can protect
drugs from breakdown in the
gastrointestinal tract (GIT). [1, 2] When intestinal bile

salts are present in the GIT, these carriers fail,

enzymatic

releasing the encapsulated molecule before it reaches
its target [3, 4]. To overcome the issues associated with
stable
bilosomes are created by adding bile salts to their lipid

standard nano-vesicular carrier systems,
bilayers. Their design protects them from bile salts in
the intestines and GIT, which increases their stability.
Bile salts increase the oral bioavailability of low-
water-solubility and intestinal-permeability
medicines [5]. Scientists employ bile salts (like
sodium glycocholate: SGC, SDC, STC, Sodium
Taurocholate: STC, and others) to stabilize nano-
vesicular carrier systems in the gastrointestinal tract.
Due to its reduced toxicity, improved penetration
impact, and increased protease enzyme-inhibiting
capacity in the GI tract, SGC is one of the most favored
options [6, 7].

Non-ionic surfactants are widely used as surface-
active agents to formulate bilosomes due to benefits
such as stability, compatibility, and low toxicity
compared to other types of surfactants [8]. The
formation of micelles or bilayer vesicles depends on
the surfactant's hydrophile-lipophile balance (HLB),
component chemical structure, and crucial packing
parameter (CPP) [9]. Surfactants of the span and
tween classes feature long alkyl chains and wide
hydrophilic groups, which have a shorter alkyl chains,
and can entrap water-soluble medications more
effectively when mixed with cholesterol in a 1:1 ratio
[10].

Bilosomes are biocompatible because they contain
natural lipids like cholesterol. Cholesterol often
affects bilosome properties, including toxicity,
rehydration ease after freeze-drying, encapsulation
efficiency, membrane permeability, and stiffness,
particularly when mixed with other forms of
cholesterol. They are useful for hydrophobic and
hydrophilic medications, vaccines, therapeutic
proteins/peptides, and oral delivery [11].

Melanoma, potentially fatal cancer can develop from
the melanocytes in the skin. According to Swaika et al.
[12]. This fatal form of cancer accounts for around 4-

6% of all cancer cases. Melanomas have increased over

30 years. From 2001 to 2022, the data showed a 53%
increase in the number of newly diagnosed melanoma
cases.

The FDA has approved the clinically targeted
medication trametinib (TM), which inhibits mitogen-
activated extracellular signal-regulatory kinase (ERK),
as a treatment for resistant malignancies with BRAF-
V600E gene mutations, including melanoma and
advanced lung adenocarcinoma [13]. However, the
commercial Tr is limited in clinical applications
because of its low solubility, lack of bio-targeting and
the more serious fact that it easily induces multi-drug
resistance tumor cell [14]. Some nanoparticle-
mediated tumor treatments have been proposed to
enhance the therapeutic efficacy of Tr. These include
inorganic nanoparticles [15]. polymeric micelles [16].
nanoformulations of small molecule medications [17].
etc. Due to their biodegradability, low toxicity, and
moderate immunogenicity, nano-scale bilosomes are
the most promising. Furthermore, there has been
encouraging research into nanoparticle-based drug
delivery methods to avoid the P-glycoprotein (P-gp)
transport of anti-tumor drugs, which might address
the issue of TM drug resistance. The development of
nanobilosomes for the treatment of TM-resistant
melanoma is challenging.

The lengthy production process of this method makes
it difficult to scale up, and orally administered self-
emulsifying nanoemulsions enhance bioavailability
[18]. Thus, bile
improve GIT absorption and eliminate the issues

salt-containing vesicles would

associated with oral TM administration. Although
liposomes and niosomes can protect TM from
degradation in the gastrointestinal system, bilosomes
restrict membrane distortion and vesicle lysis,
releasing TM at its target location [19-21]. Thin film
hydration TM-BS formulations were examined for
optimal particle size, low polydispersity index, drug
entrapment, dissolving rate, and bioavailability. We
tested our theory. Bile salt (sodium glycocholate) in
the bilosome formulation enhanced TM permeability,
improving  pharmacokinetics,  histology  and
resistance to bile salt disruption in the GIT.

The highly futuristic bilosome has an extremely
innovative nano-elasticity, deriving its identity from
its unique structural constitution and functional

advantages as a new drug delivery vehicle. The
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bilayer membranes of these vesicles incorporate bile
salts conferring flexibility, deformability, and
instability against gastrointestinal degradation. The
bilosomes are much more resistant than liposomes
and niosomes against rupture of the membranes
caused by bile salts, thus enhancing drug stabilization
and bioavailability, particularly in the oral and
transdermal routes of administration. Due to their
nanosize, further enhancement of permeability,
targeting, and drug release may be facilitated. This
imparts characteristics that characterize bilosomes as

a novel and, hopefully, an advance in enhanced drug

delivery technology.

1.1. Unique properties of nano-elastic carriers in advanced

drug delivery

Nano-elastic carriers, such as bilosomes, possess

several unique properties that distinguish them in the

field of advanced drug delivery systems:

1. High deformability & elasticity — Their flexible
structure allows them to pass through biological
barriers more effectively than conventional
liposomes and niosomes.

2. Improved bioavailability — Their nanoscale size
enhances cellular uptake and absorption, leading
to better therapeutic outcomes.

3. Stability against enzymatic degradation — Bilosomes
incorporate bile salts, which protect them from
enzymatic degradation in the gastrointestinal
tract, making them ideal for oral drug delivery.

4. Controlled and sustained drug release — Nano-elastic
carriers can regulate drug release, ensuring
prolonged therapeutic effects and reduced dosing
frequency.

5. Mucoadhesive
bilosomes enhance drug retention at target sites

properties —  Chitosan-coated
by adhering to mucosal surfaces, improving
permeability and absorption.

2. Materials and methods

2.1. Materials

The Hetero laboratory in Hyderabad, Telangana,
India, provided TM as a gift SGC dried, extremely
pure, M.W .487.60, and dialysis sac (MWCO: 12000 Da,
average flat width was 2.5 mm, capacity of 60 mL/ft,
16 mm diameter) were purchased from Sigma Aldrich,
India, and S.G Enterprises, New Delhi, India.
Cholesterol was supplied by Thermo Fisher Scientific,

through Indian firm Chloroform, Cremophor, span 60,
tween 60, and diethyl ether were obtained from SD
Fine Chemicals in Mumbai, India. SD Fine Chemicals
in Mumbai, India, sold mannitol with a molecular
weight of 182.17 g/mol.
chemicals and reagents were used in the investigation.

An analysis-grade set of

2.2. Preparation of TM loaded BLs

Waglewska et al. [22] proposed a thin film hydration
process that was used to create BLs loaded with TM.
In summary a round-bottom flask containing 10 mL
of chloroform was ultrasonicated for 10 minutes
(Model SH 150-41; USA) to dissolve 10 mg of TM, 7.5
mg of cholesterol (CH), 10 mg of bile salt, and 50 mg
of surfactant. Rotary evaporation at 40 °C under
reduced pressure for 30 minutes produced a dry, thin
layer from the organic solution. After letting the
evaporated film overnight to remove the organic
solvents, it was rehydrated in 10 mL of distilled water
with STC. The liquid was magnetically swirled for 2 h
to create a TM-BL dispersion (Table 1). The particle
size of the BLs was reduced by ultrasonicating them
for 5 min (Bandelin, Berlin, Germany). Until usage,
the TM-BLs dispersion was stored at 4°C [23].

2.3. Bilosomal optimization

Based on the goal, future studies should use small
vesicles, low PDI, and high drug entrapment. We
achieved this by investigating how various variables
affected PDI, %EE, and particle size.

2.4. Physicochemical characterization

2.4.1. ZP, PD], size of particles

The Brownian motions of nanocarriers with a light
incidence angle of 173° were measured using Malvern
Instruments' Zetasizer Nano Series software to
determine the bilosome particle size. Three sets of ten
measurements in disposable polystyrene cuvettes at
25 °C yielded Z-average (Z-Ave) and polydispersity
index. We calculated the surface electric charge (C-
potential) of the mnanobilosomes using the
Smoluchowski equation, electrophoretic mobility
technique, and particle tracking in an electric field. At
least twenty measurements were made in a folded
capillary zeta cell using the same equipment at 25 °C
Z-Ave, PdI,
measurements were repeated to confirm system
stability after 14 and 30 days at 4 °C [24].

from three runs. and (-potential
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Table 1. Formulation of drugs loaded Novel nano elastic vesicles (bilosomes)

Drug/Excipients BS-1 BS-2  BS-3 BS-4 BS-5 BS-6 CBS-1 CBS-2
Trametinib (mg) 10 10 10 10 10 10 10 10
SDC (mg) 10 20 30 20 20
STC (mg) - - - 10 20 30 - -
Tween 80 (mg) 40 50 60 50 50
Cremophor EL(mg) - - - 40 50 60 - -
Cholesterol (mg) 7.5 15 30 7.5 15 30 15 15
Chloroform (mg) 10 10 10 10 10 10 10 10
Chitosan (%w/v) - - - - - - 0.5 1

2.5. Entrapment efficiency (%)

The use of the direct technique allowed for the
estimation of entrapment efficiency. After a 10-minute
sonication in ethanol, TM-BLs were filtered using a
Millipore Co., USA Millex-LG syringe filter (pore size:
0.4 pm). Measured TM trapped in BLs using a
Shimadzu UV spectrophotometer (2401/PC Japan) at
245 nm. Equation 1 calculates employment equity:
Using the direct method, entrapment efficiency was
estimated. After a 10-minute sonication in ethanol,
TM-BLs were filtered using a Millipore Co., USA
Millex-LG syringe filter (pore size: 0.4 um). The
amount of trapped TM was measured using a
Shimadzu UV spectrophotometer (2401/PC Japan) at
245 nm [24, 25]. This is the equation (Equation 1) that
was used to determine the employment equity
percentage.

Amount of encapsulated drug

EE (%) = x 100 Eq-—-(1)

Total amount of drug

2.6. Scanning electron microscope
SEM was

formulations and they system forms. First, freshly

used to study optimal bilosomal
prepared samples (1 mg/mL) were mixed with filtered
deionized water (1:50) and sonicated for 5 min at room
temperature. We used a carbon-coated copper grid to
hold a drop of the sample after a 30-second staining in
1% uranyl acetate aqueous solution. A SEM (JEOL,
Tokyo, Japan, JEM-2100F) was used to examine the

stained film for further details [26].

2.7. In-vitro drug release and release kinetics

In vitro drug release was evaluated using the dialysis
bag diffusion technique. A cellulose dialysis bag
contained 10 mg of BLs dispersion and 15 cc of 0.1 M
PBS (pH 6.8). An additional 0.1% tween 20 was added

to maintain sink conditions. Keeping the volume and

sink conditions constant, 2 mL receiver media
samples were replaced with equal amounts of fresh
medium at regular intervals. The amount of TM in the
receiver media samples was measured using UV
spectrophotometry at 245 nm [26, 27]. The release
data from several BLs formulations, PIP suspensions,
and CU were fitted to various equations using the DD
solver tool, including zero-order, first-order, and

Higuchi equations.

2.8. Antioxidant activity of TM and TM-BS
The DPPH radical scavenging technique was used, as
described by [28]. TM and TM-BS stock solutions (1
mg/mL) were dissolved in methanol, followed by 10-
150 pg/mL concentrations. When not in use, the 0.1 M
DPPH solution was stored in methanol at 40°C. Each
sample was mixed with 100 pL of DPPH solution and
left in a dark room for 1 h to complete the reaction.
The hue changed from violet to colorless when the
that the
A UV-
spectrophotometer set at 571 nm was used to assess

reaction was completed indicating

scavenging activity was successful.
the absorption. To ensure accuracy, a control solution
known as butylated hydroxytoluene (BTH) was used.
antioxidant activity of the sample was determined

using the equationg Equation:

Antioxidant activity (%)
_ Abs Control—Abs of test sample

Abs control x 100 Eq—(@)
2.9. Radical-scavenging ABTS
A slight variation from the previously stated strategy
was used to conduct the investigation (Chaves et al.,
2020) [29]. To prepare the ABTS solution, 0.1 mL of
each dispersion was mixed with 3.9 mL of TM and
TM-BS at 10 to 150 pg/mL, then vortexed. After 30 min
of incubation in the dark, UV-Vis spectrophotometry
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Table 2. Physicochemical characterization data of TM-BLs

Formulation code VS (nm) EE (%) PDI ZP (mV) Drug Loading (%)
BS-1 256.34+3.46 76.54+0.35 0.135+0.01 -11.58+1.02 69.35+1.24
BS-2 213.85+6.91 80.27+0.64 0.169+0.04 -21.54+1.42 82.58+2.56
BS-3 185.34+5.28 65.34+0.28 0.218+0.03 -15.69+1.03 76.42+3.28
BS-4 287.41+4.72  56.49+0.16 0.312+0.05 -10.74+1.06 59.34+2.49
BS-5 295.31+6.31 62.57+0.53 0.279+0.01 -14.53+1.52 60.18+2.45
BS-6 264.58+5.34  70.31+0.28 0.326+0.06 -11.84+1.48 63.59+1.06
CBS-1 268.49+2.31 89.36+0.45 0.432+0.04 17.36+0.52 87.35+0.26
CBS-2 352.74+3.65 91.24+1.36 0.496+0.06 21.48+0.18 90.42+0.59

was performed at 734 nm [30]. Comparison control
was a BTH solutions. The scavenging activity %, was
calculated using the following formula.

Antioxidant activity (%)
_ Abs Control—-Abs of test sample

x100 Eq—@)

Abs control

2.10. Antimicrobial study

A cub plate test was used to assess the bactericidal
and TM-BS
Staphylococcus aureus and E. coli. Colonies were grown
in nutrient broth with 5x106 CFU/mL bacterial load. A
autoclave (121°C) was used to sterilize the nutritious

activities of pure TM against

agar medium. After transferring to a sterile Petri plate
and solidifying under aseptic conditions, the 0.5 mL
diluted microbial strain was mixed with the liquid
nutritional agar medium. After curing, a sterile
stainless-steel borer made 6-millimeter cups. The TM
and TM-BS samples were put in separate cups and
allowed to stand for two h to facilitate absorption [31].
Subsequently, the, petri dish was turned upside down
and placed in an incubator set at 37°C for a whole day.
A graduated scale was used to evaluate the zone of
inhibition (ZOI).

2.11. Statistical analysis

Experimental design software (Version 8.0.6) was
used to optimize the formulation. values were
represented as mean + standard deviation. Statistical
analyses were conducted using GraphPad, a program
developed by InStat in California, USA. Data analysis
included one-way analysis of variance and Tukey-
Kramer Substantial

multiple comparison tests.

variations were considered when P <.05.

3. Results and discussion
TM-BLs were prepared by thin film hydration of

cholesterol, SDC, and STC (Table 1). Primarily, BLs'
negatively charged surface and cholesterol's
positively charged surface produced TM-BLs by
electrostatic interactions. Anionic BLs undergo size
and zeta potential alterations upon the introduction of
positively charged groups. The creation of double-
layered vesicles and subsequent cholesterol coating
on their surfaces may have contributed to their
enlargement [32, 33]. The prepared TM-BLs were
characterized by nanometric VS, low PDI, negative ZP,
and high EE. These results informed the decision to
coat the chosen formulation (BS2) with cholesterol at
concentrations of 7.5 and 30 mg; further experiments
showed a significant growth in size and the absence
of a zeta potential.

3.1. Vesicle characterization

The evaluation of produced TM-BLs, VS, EE, PD],
drug loading, and zeta potential were presented in
Table 2 and shown in Fig 1). It showed that TM-BLs
had a significantly different VS (p < 0.001). TM-BLs
exhibited mean diameters ranging from 185.34 + 5.28
nm (BS3) to 295.31 + 6.31 nm (BS5). The formulation
with the smallest size, BS3, had a particle size of 185.34
+ 5.28 nm. Prior to coating with chitosan the size was
213.85 + 6.91 nm, but after coating, it increased to
268.49 + 3.02 nm, a significant increase (p < 0.001).
There was a substantial (p < 0.001) effect of the
chitosan concentration (0.5% or 1%) on the vesicle size.
According to the literature, medications are
transported by particles with a diameter less than 500
nm via the endocytosis route, whereas bigger particles
are transported through the lymphatic system [34].
We found that the particle sizes of TM-BLs and TM-
CBLs were less than 500 nm. A larger surface area is

available, which can further improve the absorption
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of medication. Within the ranges of 0.13 to 0.39, there
was no discernible change in the PDI value. Based on
their PDI values being less than 0.7, TM-BLs and TM-

CBLs were deemed appropriate delivery methods [35].

Cellular contact and absorption are greatly impacted
by the vesicle's surface charge. Prepared TM-BLs have
a very high negative zeta potential, which indicating
their high stability. Values between -10.74 + 1.06 and -
21.54 £ 1.42 mV were observed in the nano-sized TM-
BLs, with £ 30 mV being deemed stable [36]. A
defining feature of TM-BLs may be observed in these
values. Its flocculation was more powerful than its
repulsive forces. One possible explanation for the low
ZP is the role of lipids, which produce negative
charges in water [37]. The BLs were attracted to one
another because the positively charged chitosan
coated every surface of the particles [38]. Due to its
positive charge, chitosan interacts readily with the
negatively charged intestinal mucus, which enhances
the drug's effects.

Physicochemical characterization
400 AL
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350 PDI
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300 ® Drug Loading
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Figure 1. Physicochemical characterization data of TM-BLs.

3.2. Entrapment efficiency (EE)

The amount of TM trapped in the bilosomes, was
evaluated (Table 2). Due to variations in the
composition of BLs, there were notable variations in
the EE, ranging from 56.49 + 0.16 to 80.27 + 0.64% (p <
0.001). The sample with the chemical composition of
STC (10 mg) and cremophre EL (40 mg) had a
minimum electrical conductivity (EE) of 56.49+0.16%.
The encapsulation efficiency was highest (80.27 *
0.64%) in formulation BS2 when SDC (10 mg) and
tween 80 (50 mg) were. used. EE was shown to be
more effective when the concentration of bile salts and

surfactants was increased, rather than decreased.

the EE was not
substantially raised, either T80 or SDC on their own.

According to the findings,
In comparison to either T80 or SDC alone, the
improved EE was considerably (p < 0.05) achieved by
the 1:1 mixture of SDC and T80. Mixed micelles may
be formed and improved solubility in the dispersion
media may result from their use at high
concentrations [39, 40]. The formulation (BS2) was
coated with 0.5% and 1% chitosan. EE was not
significantly different among the TM-CBLs (CBS-1
and CBS-2). A slight change in the EE was also
detected between CBS-1 (89.36 + 0.45%) and CBS-2
(91.24 + 1.36%). To prevent the leakage of the
medication from the liposomes, chitosan was coated
on their surfaces [41]. The somewhat elevated EE was
ovserved in the CBS-2 formulation, attributed to the
high chitosan (1%) content of the coated polymer.
Lipid and polymer concentrations determine the
efficacy of the encapsulated medication. Entrapping
hydrophobic medications in a lipid bilayer is a simple
process.

3.3. SEM evaluation

The ready-made TM-BLs (optimized BS2) and TM-
CBLs (CBS-1) exhibited non-aggregated spherical
shapes on their surfaces (Fig. 2). A thin covering was
obsrved and the surface appeared smooth. Size
distribution curve analysis was also performed on
samples (BS2, CBS-1) and the results demonstrated a
range of sizes from 200 to 45 nm. The distribution
histograms consistently confirmed the SEM particle
size picture [42].

3.4. Drug release (%)

An analysis of the drug release of TM-CBLs, TM-BLs,
and pure TM are shown in Fig. 3. Data from in vitro
release experiments showed that both TM-BLs (BS2)
and TM-CBLs (CBS-1) released more TM. The
findings demonstrated a biphasic drug efflux
mechanism for the formulations under studied. The
first-two-hour release was fast, and then prolonged.
occurred in the hours that followed. In comparison to
pure TM, TM-BLs (BS1-BS6) released a greater
amount of medicine throughout the trial. The pure
TM discharged minimal medicine (19.36 + 0.37 mg)
from the dialysis bag due to its low solubility in water,
with ranges of 42.61 + 0.62% (BS3) to 74.39 + 0.58%
(BS2), which TM-BL release rate was significantly
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Figure 2. SEM images of Optimized TM-BLs (BS2) and TM-CBLs (CBS-1).

higher (p <0.05). The extra medication release by TM
was caused by bigger nano-metric vesicles and the
availability of a higher effective surface area. An
increase in the surface area results in additional drug-
dissolution medium interaction sites [43].

In-Vitro Drug release

%
B

—o—Pure TM
~o—~TM-BLs-2

—~+—TM-CBLSs (CBS-1)

% Cumulative drug release
-
=

2 2 6 10 14 18 22 26 30 34 38 42 46 50
Time (h)

Figure 3. Release profiles of pure Trametinib (TM), TM-BLs
(BS-2) and chitosan-coated TM-BLs (CBS-1). The data are
shown as means + SDs (n = 3).

The surfactant included in the BLs aided TM
solubilization in the solvation medium. When TM was
present on the vesicle surfaces, the release was fast at
initially but slowed thereafter. Diffusion, carrier
contributed to the

postponement of the drug release from the BLs'

erosion, or swelling all
encapsulated medicine [44]. It was observed that TM-
CBLs (CBS-1 and CBS-2) released their drugs at a
slower rate than TM-BLs. In the final step of the study,
TM-CBLs (CBS-1) significantly decreased release
characteristics (56.34 + 0.19 for 1% chitosan and 63.52
+ 0.85% for 0.5% chitosan; p < 0.05). Delaying release
using an extra layer of chitosan might be helpful in
increasing the duration of release throughout the

body. The drug had to pass through two levels before
reaching the release medium. Coating the negative
surfaces of the BLs with chitosan inhibited TM release
by electrostatic contact [45].

3.5. DPPH scavenging radicals in-vitro

The DPPH assay was used to determine the
antioxidant capacities of pure TM-dispersion, TM-BLs
and CBS-1 are shown in Fig. 4. As TM concentration
increased, TM, TM-BLs, and TM-CBLs (CBS-1)
antioxidant capacity decreased. Pure TM-dispersion
exhibited antioxidant activity of 10.244-54.03% at
concentrations of 5-200 ug/mL. However, at
concentrations of 5 to 200 pg/mL TM-CBLs (CBS-1)
and TM-BLs (22.87-96.13% and 18.67-85.06,
respectively) demonstrated antioxidant activity. The
findings revealed that, at all doses, TM-BLs displayed
a considerably greater antioxidant capacity than pure
TM, with a p-value less than.05. Pure QT had an
activity of 54.03% at 200 pg/mL, whereas TM-BLs
reached a high of 96.13% with a standard deviation of
1.36%. One possible explanation for the elevated TM
activity in TM-BLs is that bile salts and CS increase
TM solubility.

3.6. Scouring ABTS

Fig. 4 compares antioxidant activity of pure TM, TM-
BLs, and TM-CBLs (CBS-1) using ABTS scavenging.
TM antioxidant activity of the TM formulations was
concentration-dependent manner. Pure TM showed
8.21-46.69% antioxidant activity at concentrations of
5-200 pg/mL. In TM-BLs and TM-CBLs (CBS-1)
formulations, TM antioxidant activity ranged from 5
to 200 ug/mL, with 12.68-80.25% and 10.46-73.16 per
milliliter, respectively. Compared to pure TM, TM-
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Figure 4. Antioxidant activity of DPPH radical and ABTS scavenging. of pure Trametinib (TM), TM-CBLs (BS-
2), and TM-BLs (CBS-1) coated with chitosan in comparison to CBS-1. With n = 3, the values are given as the
mean + standard deviation. Both ** and *** showed that TM-BLs (CBS-1) had substantially different activity
compared to pure TM, with p-values less than.01 and.001, respectively.
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Figure 5. Analyzing the antimicrobial properties of pure TM, TM-BLs, and TM-CBLs (CBS-1) in relation to the
zone of inhibition (ZOI) in terms of 24 and 48 hours respectively against Gram-positive and Gram-negative

bacteria. Results indicate significant differences between TM-BLs and pure TM at p <.01 and p <.001, calculated

as mean + SD with n=3.

BLs demonstrated significantly greater activity at all
concentrations (P<.05). At 200/ug/mL, the TM
exhibited a maximal activity of 46.89+1.18, 80.25 +1.24,
and 73.16 * 1.58% in its pure form, and 80.25 + 1.24%
in its TM-BLs form. Being more soluble in the nano-
system, TM-BLs exhibited greater antioxidant activity
compared to pure TM. The results demonstrated that
compared to the DPPH technique, the ABTS approach
had lower antioxidant activity.

3.7. Antibacterial activity
The antimicrobial evaluation of pure TM, TM-BLs and
TM-CBLs (CBS-1) was done on S. aureus (Gram-

positive) and E. coli (Gram-negative) microbial strains
using the cup plate method for up to 48h, and the
results are shown in Fig. 5. TM was more susceptible
to E. coli than S. aureus at the same concentration. The
pure TM's 24-hour ZOI for S. aureus was
7.64 £ 0.56 mm, while for E. coli it was 9.64 + 0.43 mm.
In pure TM, the zone of inhibition (ZOI) for S. aureus
and E. coli was 10.62 +0.26 mm and 12.37 +0.31 mm,
respectively, after 48 h. Both the 24 and 48-hour tests
showed that the TM-CBLs (CBS-1) and TM-BLs (CBS-
1) formulations had significantly higher antibacterial
activity against the investigated microorganisms
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compared to pure TM (P<.05). Researchers
discovered that the zone of inhibition (ZOI) for S.
aureus was 14.97 + 0.59, 10.18 + 0.48 mm when using
TM-BLs and TM-CBLs (CBS-1), respectively, while for
E. coli, it was 17.69 + 0.86 and 14.37 + 0.98 mm. In
contrast, TM-CBLs (CBS-1) and TM-BLs (CBS-1)
exhibited far higher activity at 48 h, with MIC values
of 18.35+0.76 and 13.59 + 0.67 mm against S. aureus,
and 22.84+0.69 and 18.72+ 0.46 mm against E. coli
respectively. Abdelbary et al. [1] found that TM-BLs
have a high level of TM activity because the vesicles
are nanosized, which increases the surface area
available for diffusion. Sannasiddappa et al. [46]
showed that surfactant and bile salt increase solubility
and membrane permeability, improving activity.
Since TM has a high permeability and is continuously
released, covering it with chitosan to the BS
formulation enhances its antibacterial action [47]. To
exert its antibacterial effects, TM disrupts the cellular
structures and membrane potential of Gram-positive
and Gram-negative bacteria [48].

4. Conclusions

A combination of cholesterol, SDC, and Tween 80 was
utilized in TM-BLs to varied degrees. The resulting
vesicles were nanometric in size, with poor PDI, high
EE and negative zeta potentials. The specific
formulation (BS2) was then modified to enhance its
mucoadhesion by adding chitosan (0.5-1% w/v). With
a positive zeta potential, greater entrapment
efficiency, and slower medicine delivery rate, the TM-
CBLs coated with chitosan (CBS-1) and CBS-2 were
somewhat larger. The mucoadhesion and TM
permeability of the CBS-1 bilosomes that were coated
with chitosan were significantly improved (p < 0.05).
Both TM-BLs and TM-CBLs demonstrated more
potent antibacterial action against E. coli and S. aureus,
than TM-dispersion. According to the research, TM-
BLs may be a viable option for improving TM

effectiveness in treating specific diseases.
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