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Abstract: This study investigated the efficacy of a novel lidocaine-chitosan-barium titanate microemulsion gel for prolonged
local anesthesia. The lidocaine microemulsion comprised 5% (w/w) lidocaine, linoleic acid (LA), chitosan, barium titanate
(BaTiO3), Cremophor RH40, Tween 20, and water. Dynamic light scattering was utilized to analyze the particle size of
the prepared microemulsions. The optimized microemulsion was transformed into a microemulsion gel to extend the
duration of the microemulsion when administered to specific areas. Virgin oil was used as an auxiliary oil to increase the
microemulsion area, allowing for a reduced amount of surfactant. In vitro analysis was conducted to evaluate the release
of lidocaine from the microemulsion. The lidocaine/chitosan/BaTiO3 ranged in size from 7-30 nm, displaying a narrow
particle size distribution. The polydispersity index (PDI) value was 0.989. Lidocaine/chitosan with BaTiO3 nanoparticles as a
carrier achieved over 84% drug release, whereas the lidocaine/chitosan without the BaTiO3 nanoparticles only reached 52%
cumulative release. At the concentrations used, the lidocaine-loaded chitosan and lidocaine-loaded chitosan with BaTiO3
showed a moderate effect on cellular viability. In conclusion, a new formulation of lidocaine microemulsions containing

chitosan and BaTiO3 was developed and utilized to deliver lidocaine through the skin to achieve topical anesthesia.
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INTRODUCTION

Patients often endure intense localized pain following
surgical treatment. However, the duration of action for
local anesthesia is typically limited to less than two
hours, posing a significant challenge for effective pain
management [1-4]. Therefore, it is essential to apply
managed local pain therapy to effectively alleviate the
economic and physical obstacles faced by patients and
their caretakers [5]. The currently available dosage
forms, such as gels, creams, ointments, and injections,
do not fulfill the clinical requirements for achieving
a desirable duration of action exceeding two hours.
Patients are often hospitalized when they require
infusions and multiple injections. In addition to the
pain that may be felt at the injection site, there is an
increased likelihood of infection and potential damage
to the surrounding tissues [6,7]. To overcome these
issues, medical practitioners employ various methods,
including multiple injections or continuous infusions of
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local anesthetics. However, this approach is not without
limitations. These restrictions include the discomfort
experienced during injections and the elevated cost
associated with continuous infusion [8-11].

Local anesthesia is important in various medi-
cal procedures, providing temporary pain relief to
specific body areas. However, the need for prolonged
local anesthesia has become increasingly recognized
in clinical practice, particularly for complex surgeries
and chronic pain management. Current formulations
of local anesthetics, while effective for short-term pain
control, are often limited in terms of duration and ef-
ficacy, leading to the search for innovative solutions
that can offer extended pain relief with improved out-
comes. One of the primary challenges with traditional
local anesthetics is their relatively short duration of
action, which may necessitate multiple injections or
supplementary medications to maintain pain control
over an extended period [9-10].
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Techniques to increase the dermal flux include
iontophoresis and laser/ultrasound treatment. However,
these methods require specialized devices and the in-
volvement of qualified personnel, resulting in higher
expenses. Currently, local anesthetics are administered
alongside adjuvants such as epinephrine, clonidine, or
dexamethasone to extend their local anesthetic action
[12-14]. Additionally, various vesicular drug delivery
systems, such as microspheres [15, 16], microemul-
sions, microcrystals [17-20], micelles [21], and poly-
meric nanoparticles like chitosan and BaTiO, [22], are
employed to optimize the delivery and effectiveness
of these local anesthetics. However, the duration of
activity is inconsistent when adjuvants are used, and
each drug delivery system has its limitations [23].

Lidocaine, or 2-6 xylidine, is a frequently used local
anesthetic clinical practice for the management of pain
[24,25]. Its quick-acting nature and intermediate dura-
tion of action can be attributed to its low protein bind-
ing capacity. By binding to the voltage-gated sodium
channel, lidocaine effectively inhibits the conduction
of pain stimuli from sensory neurons to the central
nervous system. The application of novel drug delivery
systems can enhance this effect by providing a sustained
release of lidocaine after topical administration [26-
28]. The present study evaluated various parameters
of the lidocaine microemulsion, including refractive
index, cytotoxicity, droplet size, zeta potential, pH,
and thermostability. We investigated the efficacy of a
novel lidocaine-chitosan-barium titanate microemul-
sion gel for prolonged local anesthesia. Specifically, the
researchers developed a new formulation of lidocaine
microemulsions containing chitosan and BaTiO, and
evaluated its ability to deliver lidocaine through the
skin to achieve topical anesthesia.

MATERIALS AND METHODS

Ethics statement

This study was approved by the Ethical Committee
of Ankang Central Hospital.

Materials

Lidocaine, chloramphenicol, poly(e-caprolactone),
linoleic acid (LA), chitosan, barium Titanate (BaTiO,)
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nanopowder, polyoxyl 40 hydrogenated castor oil
(RHA40), polysorbate 20 (Tween 20), sodium hydrox-
ide (NaOH), Carbopol 940 polymer, and phosphate-
buffered saline (PBS), were purchased from Merk,
Germany. MTT reagents were purchased from Sigma
Aldrich, USA. All other chemicals were of analytical
grade or high-performance liquid chromatography
(HPLC) grade and used without further purification.
Saline solution served as the control, allowing for
comparison against the lidocaine-based microemul-
sion droplets, highlighting the unique properties of
the microemulsion formulation.

Preparation of lidocaine-chitosan-nanoparticles
microemulsion

The lidocaine microemulsion consists of lidocaine 5%
(w/w), linoleic acid (LA), chitosan, BaTiO,, Cremophor
RHA40, Tween 20, and water. The mixed oil phase (O)
was prepared by combining LA at a 1:4 ratio. This was
mixed with RH40 at 1:4, 1:1, and 4:1 ratios to obtain
mixed oils. Virgin oil was used as an auxiliary oil to
increase the microemulsion area, allowing for a reduced
amount of surfactant. The mixed surfactant (S) was
prepared by mixing RH40 and Span 80 at a 5:1 (w/w)
ratio. This improved the solubility of the surfactant,
increased the microemulsion area, and reduced the
amount of surfactant. Microemulsions containing
lidocaine were prepared by dissolving 5% lidocaine
(w/w), chitosan, and BaTiO3 in various mixtures at
room temperature, followed by slow addition with
magnetic stirring.

To initiate the preparation process, the primary
components of the microemulsion gel were carefully
chosen to create a well-balanced formulation with
optimal characteristics for sustained drug release and
enhanced bioavailability. These components typically
included: oils with good spreading properties and high
drug solubility, such as medium-chain triglycerides or
lipid-based carriers, chosen to ensure effective drug
loading and release. Surfactants are essential for sta-
bilizing the emulsion and promoting the formation of
small droplets to enhance drug dispersion. Non-ionic
surfactants, such as RH40 and Span 80, were employed
due to their compatibility with various drugs and abil-
ity to reduce interfacial tension.
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Preparation of the lidocaine-chitosan-
nanoparticle microemulsion

A dynamic light scattering apparatus (Zetasizer Nano
$90, Malvern Instruments, UK) was utilized to ana-
lyze the particle size of the prepared microemulsions.
The measurements were made at room temperature.
A transmission electron microscope (JEM1200EX,
JEOL, Tokyo, Japan) was used to observe the surface
morphology of the lidocaine/chitosan/BaTiO, mi-
croemulsions. A copper grid was loaded with a drop
of microemulsions and subsequently stained with a
phosphotungstic acid solution (2%, w/v). Following
air-drying at room temperature, the samples were
examined by transmission electron microscopy. The
diluted ointment was applied onto a copper grid coating
by soaking for 1 min. The specimens were stained with
a 1% (w/v) phosphotungstic acid for 10 s. The sample
was air-dried at 25°C for 3 h. Images were captured
using a LIBRA 120 device (Carl Zeiss in Oberkochen,
Germany), with an acceleration voltage of 200 kV.

pH measurement

One gram of lidocaine-chitosan-BaTiO, was mixed
with 99 g of distilled water and stirred thoroughly
until a uniform mixture was obtained. The pH was
measured in triplicate, using a calibrated pH meter.

Preparation of the microemulsion gel

The optimized microemulsion was transformed into
a microemulsion gel to extend the duration of micro-
emulsions when administered to specific areas. This
was achieved by dispersing 0.5% w/w of Carbopol®
940 into the prepared microemulsion system while
subjecting it to magnetic stirring. Subsequently, the
gel was neutralized until a thick and transparent hy-
drogel was formed.

Tensile strength and elongation at break

The TA-XT Plus Texture Analyzer (Stable Micro
Systems, Surrey, England) was utilized to determine
the tensile strength (TS) and elongation at break (EB).
Strips of the lidocaine microemulsion gels, measuring
1 cm in width and 5 cm in length were affixed to the
lower and upper ends of the analytical probe. The
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distance between the strips was 3.5 cm. The elonga-
tion rate was 10 mm/s, and the load cell capacity was
50 kg. Measurements were conducted in triplicate at
a temperature of 25°C.

In vitro drug release of lidocaine

The release behavior of lidocaine was investigated by
in vitro drug release studies using the dialysis method.
Lidocaine (1 mL) was enclosed in a semipermeable
dialysis membrane with a molecular weight cutoft of
50 kDa. Lidocaine has a molecular weight of 234.34
g/mol or 0.23 kDa. This is significantly lower than
50 kDa of the dialysis membrane used. Accordingly,
a 50 kDa membrane would effectively retain these
larger molecular weight excipients inside the dialysis
bag, allowing the relatively small lidocaine molecule
to permeate through the membrane into the release
medium. These dialysis bags were then submerged in
PBS (pH 7.4) and kept at 37°C with continuous stirring.
At specific time intervals (0, 6, 10, 16, 20, 24, 26, and
30 h), a predetermined volume of samples (0.5 mL)
was collected from the dissolution media, and an equal
volume of fresh buffer solution (0.5 mL) was added.
The collected samples were subsequently analyzed to
determine the amount of lidocaine released.

In vitro cytotoxicity of lidocaine-based
microemulsion gel

The cytotoxicity of lidocaine/chitosan/ BaTiO, micro-
emulsion gel was assessed in vitro using fetal rat skin
keratinocytes (FRSK) by the MTT assay. A microemul-
sion gel containing lidocaine/chitosan/BaTiO, and
free lidocaine was prepared at a concentration of 10
mg/mL. FRSK cells (1x10°) were cultured in 96-well
plates and incubated for 1, 7, and 14 days. Subsequently,
different concentrations of the samples were added to
each well. The cells were analyzed by incubating with
MTT solution (25 uL, 5 mg/mL) for 2 h at 37°C. The
amount of formazan produced from the conversion of
MTT was measured using a microplate reader (Bio-
Rad, Hercules, CA, USA) at a wavelength of 630 nm
to determine the percentage of viable cells.
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Thermodynamic stability studies

Lidocaine microemulsions were evaluated for thermo-
dynamic stability. To ensure miscibility, clarity, and no
drug precipitation, microemulsions were subjected to (i)
centrifugation tests (3500 rpm for 30 min), (ii) heating/
cooling cycles (six cycles at 45°/4°C for 2 days), and (iii)
freeze/thaw (three cycles at 25°/-20°C cycles for 2 days).

Statistical analysis

Statistical analysis was conducted using GraphPad
Prism 8.0 and SPSS v.24. The mean+standard devia-
tion (SD) was used to express all values. Two-tailed
t-tests were employed to compare two groups, while
one-way ANOVA was utilized for several groups after
conducting the normality test. A P value <0.05 was
considered significant.

RESULTS

Preparation and characterization of the lidocaine/
chitosan/BaTiO, microemulsion

The mean microemulsion droplet size and zeta potential
measurements are shown in Supplementary Table S1.
The lidocaine/chitosan/BaTiO, microemulsion was
in the range of 7-30 nm with a narrow particle size
distribution pattern (Fig. 1). The average droplet sizes

Lidocaine/chitosan/BaTiOz microemulsion droplet size
20 80
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40

Intensity (%)
(wu) azis1ano

20

100 1000 0

Size (nm)

Fig.1. Particle size distribution of the lidocaine/chitosan/BaTiO,
microemulsion. Using DLS, the microemulsion exhibits a size range
of 7-30 nm, with an average droplet size of 15 nm. It has a narrow
size distribution and uniformity of the microemulsion droplets,
as indicated by a PDI value of 0.989. Oversize demonstrates the
presence of larger droplets or particles than what is intended in
a microemulsion.
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of the lidocaine/chitosan/BaTiO, microemulsion were
15 nm. The polydispersity index (PDI) value was 0.989,
indicating a narrow size distribution for microemulsion
formulation. These findings illustrate the small particle
size and uniformity of the microemulsion droplets,
rendering them suitable for dermal/transdermal de-
livery. The TEM analysis revealed the morphologies
of the microemulsion droplets containing lidocaine/
chitosan/BaTiO; in the formulation. Supplementary Fig.
S1 illustrates that the TEM images displayed uniform
spherical globules of the microemulsion, indicating
the absence of any aggregation.

Drug-release of the lidocaine-chitosan-BaTiO3
microemulsion gel

Fig. 2 demonstrates that within 30 h, the lidocaine/
chitosan with the BaTiO, nanoparticles as a carrier,
achieved over 84% drug release, whereas lidocaine/
chitosan without BaTiO, nanoparticles only reached
52% cumulative release. This observation provides
evidence for the presence of the BaTiO, molecule in
lidocaine microemulsions, which contributes to a more
sustained release in the system.

Cytotoxicity of lidocaine-loaded microemulsion gels

In vitro cytotoxicity of lidocaine/chitosan/BaTiO, was
tested by evaluating FRSK cell viability (Fig. 3). At the
concentrations used, the lidocaine-loaded chitosan
and lidocaine-loaded chitosan with BaTiO, showed a
moderate effect on cellular viability, with values slowly
decreasing from 90% to 80%. The microemulsion
gels composed of lidocaine/chitosan with or without
BaTiO, provided an ideal and non-toxic environment.

Mechanical properties of the lidocaine-loaded
nanoparticle

To investigate the mechanical properties, two param-
eters, tensile strength (TS) and during fiber breakage,
were considered. As shown in Supplementary Table
S2, the TS of 2% lidocaine-chitosan-BaTiO,, 5% lido-
caine—chitosan—BaTiOs, and lidocaine were 0.3+0.05,
0.26+0.06, and 0.2+0.07 MPa, respectively. The elonga-
tion at break (EB) of 2% lidocaine-chitosan-BaTiO,,
5% lidocaine—chitosan—BaTiO3, and lidocaine were
25+3,21+4, and 8+2.5, respectively. By adding BaTiO,
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Fig.2. Cumulative lidocaine drug release profiles at various time
intervals (0, 6, 10, 16, 20, 24, 26, and 30 h). In vitro drug release
was studied using the dialysis method. Within 24 h, the lidocaine/
chitosan/BaTiO, formulation achieved over 84% cumulative drug
release and remained constant until 30 h. In contrast, the formula-
tion without BaTiO, only reached 52% release.
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Fig.3. Cytotoxicity assessment of lidocaine/chitosan/BaTiO,
microemulsion gel on FRSK cells. MTT assay assessed the cyto-
toxicity of lidocaine/chitosan and lidocaine/chitosan/BaTiO, on
FRSK cells. Cell viability was above 80% at of 10 mg/mL for both
formulations. No significant decrease in cell proliferation was
observed compared to the control groups, indicating the safety
of the formulations. Data is presented as the mean+SD. P<0.05
was considered as statistically significant.

the ultimate tensile strength (UTS), and EB decreased.
These changes were not significant, which means that
the BaTiO, nanoparticles do not significantly affect
the UTS and EB properties (P>0.05) (Supplementary
Table S2).

Thermodynamic stability results

The optimized lidocaine/chitosan/BaTiO, microemul-
sions were physically stable after successfully passing
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the thermodynamic stability studies (Supplementary
Table S2).

DISCUSSION

Nanomaterials have gained attention due to their ex-
cellent biocompatibility and controllability, and have
shown significant potential in serving as advanced
drug carriers [29]. The objective of this study was to
investigate the efficacy of a novel lidocaine-chitosan-
barium titanate microemulsion gel in achieving pro-
longed local anesthesia. The size of the droplets in the
microemulsion gels plays a crucial role in determining
their properties. Smaller droplet sizes, ranging from 5
to 500 nm, have been found to effectively penetrate the
stratum corneum barrier and facilitate drug delivery
[30]. In our study, the lidocaine/chitosan/BaTiO3
exhibited nanometer-sized particles ranging from 7
to 30 nm and showed a narrow particle size distribu-
tion pattern.

The utilization of nanoparticles as drug-eluting
devices is a relatively new approach. Drugs can be dis-
persed directly in the membrane matrix or encapsulated
within nanoparticles, which are then incorporated
into the matrix. The latter approach offers advantages
such as reducing drug toxicity and prolonging drug
release. Drug-loaded nanoparticles can interact with
biomembranes and local tissues through physicochemi-
cal binding [31]. Studies have shown that nanocarrier
properties can explain the enhanced permeation ability
of lidocaine/chitosan/BaTiO, for delivery. The micro-
emulsion gels with small sizes ensure close contact,
thereby leading to an increased quantity of encapsu-
lated drugs in the tissue [32]. The lidocaine/chitosan
with BaTiO, nanoparticles as a carrier has achieved
over 84% drug release, whereas lidocaine/chitosan
without the BaTiO, nanoparticles only reached 52%
cumulative release. Additionally, at the concentrations
used, lidocaine-loaded chitosan and lidocaine-loaded
chitosan with BaTiO, showed a moderate effect on
cellular viability. Lidocaine concentrations of 0.75%
and higher cause significant decreases in cell viability
compared with the control saline solution and their
cytotoxicity was comparable to the standard agent
melphalan (0.5%) after 24 and 72 h [33]. The type of
cell death induced by local anesthetics appears to be
influenced by the duration of exposure, concentration,
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and the specific type of anesthetic used. Research sug-
gests that bupivacaine primarily leads to necrosis, while
lidocaine predominantly triggers apoptosis [34,35].

The mechanical properties of the lidocaine-loaded
nanostructured microemulsion gels, specifically the
tensile strength (TS) and elongation at break (EB)
were analyzed. The TS and EB decreased slightly after
adding BaTiO, nanoparticles to the lidocaine-chitosan
formulation; however, these changes were not statisti-
cally significant (P>0.05), indicating that the addition
of BaTiO, nanoparticles did not significantly affect the
mechanical properties of the microemulsion gel. The
addition of nanoparticles to the microemulsion gel
changes the physical, chemical, and mechanical char-
acteristics and structure. In this study, the introduction
of BaTiO, and chitosan did not impact the physical and
mechanical properties of the microemulsion containing
lidocaine. However, it did affect the morphology of the
system. The positively charged amines in the chitosan
chains strongly interacted with the negatively charged
functional groups in the lidocaine chains, forming a
polyelectrolyte complex (PEC). The PEC acted as a gel
for the microemulsion, providing a suitable environment
for the incorporation of drug-loaded nanoparticles
[36,37]. The physical and mechanical findings affect
the optimization of the nanoparticle formulation for
drug delivery purposes. For example, a narrow particle
size distribution and optimal size range can enhance
the nanoparticles’ ability to reach target sites within the
body, improve cellular uptake, and facilitate controlled
drug release. Similarly, a favorable zeta potential can
contribute to the stability of the formulation, prevent
particle aggregation, and maintain the desired char-
acteristics of the nanoparticles during storage and
administration [28,29].

BaTiO, nanoparticles can act as solubilizing agents
within the microemulsion, increasing the solubility
and loading capacity of the drug (e.g. lidocaine) in
the formulation. The nanoparticles’ high surface area
and adsorption capacity help solubilize the drug in the
microemulsion. The BaTiO, nanoparticles can inter-
act with the drug molecules and the microemulsion
components to modulate the drug release kinetics.
The nanoparticles may slow down the diffusion of
the drug out of the microemulsion, leading to more
controlled and sustained release [27,33].

Arch Biol Sci. 2024;76(3):325-333

A primary safety concern associated with barium
titanate is its potential for skin irritation or sensitization
after dermal exposure. It is crucial to investigate the
likelihood of adverse skin reactions, such as irritation
or allergic responses, that may result from the pres-
ence of barium titanate in the topical formulation.
Additionally, the potential for skin penetration and
systemic absorption of barium titanate particles should
be carefully assessed to determine the risk of systemic
exposure and any associated toxic effects [34].

CONCLUSIONS

In this study, a novel formulation of lidocaine mi-
croemulsions enriched with chitosan and BiTo, was
developed and applied to facilitate the transdermal
delivery of lidocaine for achieving effective topical
anesthesia. The in vitro evaluation of skin permeation
demonstrated that the utilization of microemulsions
significantly enhances the transdermal penetration
of lidocaine, underscoring the potential of micro-
emulsions as an efficient drug delivery system for
dermatological applications. Moreover, the results
obtained from mechanical analysis and fluorescence
microscopy provided compelling evidence support-
ing the efficacy of microemulsions as a promising
approach to surmount the skin’s natural protective
barrier. The ability of microemulsions to effectively
deliver lidocaine through the skin, as revealed by
this study, suggests their valuable role in enhancing
the permeation of therapeutic agents across the skin
barrier for improved therapeutic outcomes. Overall,
the incorporation of lidocaine-based mixtures into
microemulsions represents an appealing and promising
strategy for future developments in topical anesthetic
therapy. The successful utilization of microemul-
sions highlights their potential as a delivery vehicle
for enhancing drug permeation, underscoring their
versatility and efficacy in overcoming skin barriers for
targeted and efficient delivery of therapeutic agents.
Further research and clinical investigations are war-
ranted to explore the full potential and optimize the
formulation parameters of lidocaine microemulsions
for topical anesthesia, to advance the development of
innovative and effective strategies for pain manage-
ment and localized anesthesia.
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Supplementary Table S1. Comparison of particle size, poly-dispersibility index, and zeta potential of lidocaine/chitosan/barium titanate
(BaTiO,) at 2% and 5% concentrations, and saline control group; data are presented as the mean+standard deviation). The table provides
a detailed comparison of the key physicochemical properties of the formulations studied, including particle size, poly-dispersibility index

(PDI), and zeta potential.

Lidocaine Microemulsions Particle size (nm) Poly-dispersibility index Zeta potential (mV)
Control Group (Saline) 103.13 0.14 +8.67
Lidocaine/Chitosan/ BaTiO, 2% 16£2.2 0.966 -24.5+4.6
Lidocaine/Chitosan/ BaTiO, 5% 13£1.1 0.989 -27.245.1

Supplementary Table S2. Mechanical properties of lidocaine-loaded microemulsion.

Samples UTS (MPa) Elongation at break (%)
lidocaine-chitosan- BaTiO, 2% 0.3+0.05 25+3
lidocaine-chitosan- BaTiO, 5% 0.26+0.06 2144
Lidocaine 0.2+0.07 8+2.5
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Supplementary Fig. S1. Transmission electron microscopy (TEM). TEM images reveal nanoparticles in the lidocaine mi-
croemulsion. The TEM image is magnified x20,000, with each scale bar representing 400 nm. P3 does not form a droplet
and exhibits non-uniform size distribution, whereas P2 and P3 display a uniform droplet morphology in the microemulsion.





