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The main purpose of this study was to assess a lidocaine hydrochloride-loaded chitosan-pectin-
hyaluronic polyelectrolyte complex for rapid onset and sustained release in dry socket wound treatment.
Nine formulations (LCs) of lidocaine hydrochloride (LH) loaded into a chitosan–pectin–hyaluronic poly-
electrolyte complex (PEC) were assessed using full factorial design (two factors � three levels). The for-
mulations ranged between 4 and 10% w/w LH and 0.5–1.5% w/w HA. The following physicochemical
properties of LCs were characterized: size, zeta potential, % entrapment efficiency, viscosity, mucoadhe-
siveness, % drug release, morphology, storage stability, and cytotoxicity. The particle size, zeta potential, %
EE, viscosity, and % mucoadhesion increased with increasing LH and HA concentrations. Rapid release of
LH followed a zero-order model, and a steady-state percentage of the drug was released over 4 h. LCs
were found to be non-cytotoxic compared to LH solution. LH loaded into PEC demonstrated appropriate
characteristics—including suitable rate of release—and fit a zero-order model. Furthermore, it was not
cytotoxic and showed good stability in a high-HA formula, making it a promising candidate for future
topical oral formulations.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction tooth (Tarakji et al., 2015; Shevel, 2018). Dry socket pain starts
Dry socket, or alveolar osteitis, is the most common complica-
tion after tooth extraction and surgical removal of the wisdom
one to three days after extraction or surgical removal of a wisdom
tooth and usually presents with metallic dysgeusia and halitosis
(Shevel, 2018). The pain (which can be 7–10 on the pain scale) is
a significant problem in dry socket patients (Kamal et al., 2020),
requiring administration of a topical analgesic (Metin et al.,
2006). The primary objective for dry socket treatment is to attenu-
ate the pain severity until sufficient epithelium granulation occurs
to cover bone and nerve. The epithelialization time is variable but
may be completed within 5 to 10 days (Veale, 2015). Thus, pain
remedies should relieve acute pain (within minutes) and be
released over a prolonged period for pain reduction until the re-
epithelialization (or wound healing process) is completed.

Lidocaine hydrochloride (LH) has long been used as a topical
dental anesthetic. The onset of LH is rapid, 1 to 2 min, and it
reaches its highest efficacy within 5 min (Lee, 2016). Lidocaine is
widely used in dental clinics and is available over-the-counter at
a concentration of approximately 2–10% w/v in solution, gel, oint-
ment, and spray forms. The incidence of a true allergic reaction to
local lidocaine anesthetic is <1%, suggesting it is safe. Lidocaine and
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benzocaine are equally effective in attenuating pain from needle
insertion relative to placebo (Garg et al., 2016).

Chitosan, a cationic polymer which possesses positive charge as
a result of primary amine functional groups, is widely used for its
biocompatibility and biodegradability (Das et al., 2011). Pectin has
become popular as a natural, non-toxic anionic polymer (Das et al.,
2011). Chitosan and pectin form complexes via the interaction of
positive and negative charges (Folchman-Wagner et al., 2017),
which, when combined with a drug of interest, can provide fast
onset and sustained release of the drug (Mitrevej et al., 2001).

Hyaluronic acid (HA) is a component of the extracellular matrix
of high molecular weight glycosaminoglycan. HA is biocompatible
and offers anti-inflammatory, bacteriostatic, anti-edematous, and
antioxidative effects (Dahiya and Kamal, 2014). In oral wound
healing, HA, also known as hyaluronan, promotes cell proliferation,
migration of matrix cells into the granulation tissue matrix, and
granulation tissue organization (Deed et al., 1997).

Polyelectrolyte complexes (PEC) are self-assembling nanoparti-
cles produced by electrostatic interactions between oppositely
charged polyanions and polycations (Scheme 1) (Archana et al.,
2013; Nath et al., 2015; Limsitthichaikoon and Sinsuebpol, 2019).
Electrostatic interactions between oppositely charged macro-
molecules result in diverse structures and properties; for example,
spherical or wormlike micelles, and hydrogels (Priftis et al., 2014).
Under suitable conditions, the complexation from oppositely
charged polymers, either binary or ternary system, in defined
aqueous ratio can lead to form complex phase equilibria interac-
tion (Scheme 1) (Priftis et al., 2014). The different types of PEC
depended on the crossing interaction such as polymeric charges,
proteins, surfactants, drugs (Marudova et al., 2004) and the prepa-
ration factors such as mixing ratio, mixing order, mixing time, and
pH (Maciel et al., 2015; Potaś et al., 2020). Many natural polysac-
charides are excellent polyelectrolytes and controlled-release car-
riers, providing nanometer-sized, efficacious enhancers.
Polyelectrolyte complexes are emerging as promising vehicles for
drug delivery to target sites, controlling the rate of drug release
by carriers and prolonging the therapeutic activity (Naidu et al.,
2009). Chitosan and pectin are natural polysaccharides that have
shown potential in nanoparticle delivery systems (Wang et al.,
2017). Since neither organic solvents nor chemical cross-linking
agents are necessary for the PEC technique, possible toxicity and
unfavorable side effects are reduced (Naidu et al., 2009). Recent
studies have been used PEC for target drug delivery and medical
devices for topical skin and mucosal applications, according to
the PEC properties including mucoadhesion, swelling capacity, bio-
compatibility, and biodegradability (Ishihara et al., 2019; Potaś
et al., 2020). Apart from the types of polyanion and polycation
used, technical factors, such as pH alterations, charges density,
ratio of polymers, or mixing order and time, are subjected to mod-
ulate and controlled to develop desired physicochemical and bio-
logical properties of the PEC (Potaś et al., 2020).

The main purpose of this study was to investigate a lidocaine
hydrochloride-loaded chitosan–pectin–hyaluronic polyelectrolyte
complex for rapid onset and sustained release in dry socket wound
treatment. Physicochemical properties such as particle size, poly
dispersion index, zeta potential, morphology, mucoadhesiveness,
entrapment efficiency, loading capacity, percentage of drug
released, cytotoxicity, and storage stability were measured.
2. Materials and methods

2.1. Materials

Low molecular weight chitosan (MW = 50,000–190,000 Da,
degree of deacetylation (DD) = 55–70%, pKa = 6.5, lot no.
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STBF8219V), high methoxy pectin from citrus peels (pKa = 3.5, lot
no. SLBQ6929V), and type II mucin from the porcine stomach (lot
no. SLCC7713)were purchased fromSigma-Aldrich�, USA. Lidocaine
hydrochloride (LH), hyaluronic acid (HA, MW = 1.8–2.2 MDa), and
zinc sulfate (Zn)were purchased fromAketong Chemipun, Thailand.

2.2. Experimental design

A three-level, two-factor full factorial design was used to statis-
tically optimize concentrations of LH and HA loaded into a
chitosan–pectin–polyelectrolyte complex, and experimental trials
were performed for nine possible formulations (shown in Table 1).
The concentration of LH (X1) and HA (X2) were chosen as indepen-
dent variables, and the dependent variables were particle size in
micrometers (mm) (Y1), zeta potential in mV (Y2), entrapment effi-
ciency in % (Y3), and percentage drug release within 5 min (Y4).

2.3. Formulation development

Briefly, from our previous study, chitosan was dissolved in 1%
v/v acetic acid overnight to form a chitosan solution. Pectin was
dissolved in deionized water, and LH was added to the pectin solu-
tion. LH (4, 7, or 10% w/w) in 0.1% w/w of pectin solution was
added drop-wise to 0.3% w/w of chitosan solution and homoge-
nized at 400 rpm for 5 min, then 0.04% w/w of zinc sulfate solution
was added under continuous homogenization for 5 min. HA (0.5, 1,
or 1.5% w/w) was added under continuous homogenization at
10,000 rpm for 10 min. The solution was sonicated 10 min tripli-
cate in ultrasonication bath, 15 min resting time between each
ultrasonication session was set (30 min total time for sonication)
and controlled temperature at 28–32 �C to form LH loaded into
the chitosan–pectin–hyaluronic acid polyelectrolyte complex
(LC). The nine formulations (LCs), varying in LH and HA concentra-
tion, are shown in Table 1.

2.4. Physicochemical characterization

2.4.1. Particle size, poly dispersion index (PDI), and zeta potential
article size, PDI, and zeta potential were measured using

dynamic light scattering (DLS) in a nanoparticle size and zeta
potential analyzer (NanoPlus�, DLS Model NanoPlus-3 Serial no.
409314, USA). Each LC formula was dispersed in distilled water
which the dilution factor equal 6 before measurement.

2.4.2. Viscosity and mucoadhesion
Viscosity (Ƞ, cps) of the nine formulations were measured

(n = 6) using a viscometer (Brookfield Model DV-II + viscometer;
USA) at 100 rpm and room temperature. Mucoadhesiveness, a
measure of the bond strength between the formulation and glyco-
proteins in mucus (Graça et al., 2018; da Silva et al., 2018), was
determined by mixing the formulation with type II mucin from a
porcine stomach and inverting the tube five times without shaking.
Each formulation mixed with water instead of mucin was used as
average viscosity (Ƞ) of the formulation. The viscosity of the mix-
tures of formula + mucin was measured at 100 rpm at 0, 15, 30,
and 60 min without re-shaking the sample. The percentage
mucoadhesiveness was calculated by the following Eq. (2):

% Mucoadhesiveness¼average E� of the mixture�average E� of formulation
average E� of formulation

�100%

ð1Þ
2.4.3. Entrapment efficiency (%EE) and drug loading capacity
Centrifugal filter tubes (Amicon� Ultra, molecular weight cutoff

[MWCO] of 3 K Da, Merck Millipore Ltd., Ireland) containing 1 ml of



Scheme 1. Schematic Illustration of three different polymeric structures and ternary polyelectrolyte complex formation. The chemical structures of chitosan, pectin,
hyaluronic acid, and polyelectrolyte complex were re-draw (Archana et al., 2013; Bukhari et al., 2018).

Table 1
2 factors 3 levels full factorial design for optimization of lidocaine hydrochloride (LH) and hyaluronic acid (HA) loaded in chitosan pectin polyelectrolyte complex.

Formulation LH (%) (X1) HA (%) (X2) Viscosity Size (mm) (Y1) PDI Zeta (mV) (Y2) %EE (Y3) %DL %Drug releasing
(cps) within 5 min (Y4)

LC1 4 0.5 5.4 ± 0.9 2.7 ± 0.9 0.544 ± 0.086 �7.2 ± 0.5 46.0 ± 0.3 4.33 ± 0.3 41.9 ± 0.4
LC2 7 0.5 8.8 ± 0.9 3.8 ± 2.0 0.519 ± 0.430 �10.0 ± 1.9 45.9 ± 0.7 4.32 ± 0.3 20.8 ± 0.8
LC3 10 0.5 14.4 ± 2.1 3.9 ± 0.6 0.337 ± 0.249 �13.2 ± 4.3 40.5 ± 0.4 3.89 ± 0.7 12.6 ± 0.5
LC4 4 1 26.8 ± 2.3 3.4 ± 1.2 0.004 ± 0.001 –22.8 ± 0.5 73.0 ± 0.1 6.83 ± 0.2 43.1 ± 0.1
LC5 7 1 32.0 ± 1.7 5.7 ± 3.2 0.139 ± 0.211 –22.3 ± 9.3 74.7 ± 0.0 6.70 ± 0.4 21.4 ± 0.2
LC6 10 1 57.0 ± 4.4 5.7 ± 0.7 0.122 ± 0.107 �25.0 ± 5.1 74.2 ± 0.2 6.93 ± 0.2 15.0 ± 0.1
LC7 4 1.5 177.2 ± 0.2 5.8 ± 0.9 0.127 ± 0.155 �27.7 ± 0.8 76.3 ± 0.4 7.18 ± 0.8 52.2 ± 0.2
LC8 7 1.5 228.8 ± 4.2 6.2 ± 1.1 0.006 ± 0.011 �21.1 ± 0.1 86.7 ± 0.0 8.19 ± 0.3 24.0 ± 0.1
LC9 10 1.5 287.2 ± 4.5 6.3 ± 0.5 0.004 ± 0.003 –22.6 ± 1.0 92.3 ± 0.1 8.71 ± 0.6 15.8 ± 0.2
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each LC formula was centrifuged at 12,000 rpm for 30 min at room
temperature. The supernatant solution was used to determine drug
concentration using an ultraviolet (UV) spectrophotometer (Shi-
madzu UV1700; Japan) at 270 nm. Percent entrapment efficiency
(% EE) and percent drug loading capacity (%DL) were calculated
by the following Eqs. (2) and (3)

%EE ¼ amount of total LH� amount of free LH
amount of total LH

� 100% ð2Þ
%DL ¼ amount of total LH� amount of free LH
amount of LH ternary polyelectrolyte complex

� 100% ð3Þ
2.4.4. Microscopic morphology
The optimized formulations LC5 and LC8 were chosen to repre-

sent each group’s morphology due to the formulation’s stability,
the concentration of HA, and the variability in parameters such
as particle size, zeta potential, %EE, and %drug release.

Surface morphology and composition of LC samples were ana-
lyzed by scanning electron microscopy (SEM, FEI Quanta 450 Field
Emission Scanning Electron Microscope, Austria). LC samples were
pretreated by four-fold dilution with DI water sonicated for 5 mins,
then mounted on a stub, gold-coated, and observed at 30,000�
magnification.
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The LC samples’ morphological characteristics were observed
by transmission electron microscopy (TEM, FEI Company, USA).
TEM was observed at 10,000–20,000� magnification after a drop
of each four-fold diluted sample was applied to a copper grid
coated with carbon film and air-dried.

2.5. In vitro drug release

Approximately 5 g of LC samples, contained LH of 4, 7, and 10 %
w/w in each ratio of the formulation, were placed in a dialysis bag
(dialysis membrane standard RC Tubing MWCO 3.5 K Da, Spectra/
Por�, USA), avoiding the gas bubble and embedding the sample in
the receptor chamber containing artificial saliva solution
(pH = 7.4). During the entire experiment, the receptor chamber
was held in a shaking water bath using magnetic clips at
37 ± 2 �C and stirred at 600 rpm. At 5, 10, 15, 30, 60, 120, 240,
480, 720, and 1440 min, 5 ml of the receptor mediumwas collected
and replaced with fresh receptor medium. Each sample was then
collected from the receptor media and analyzed for LH percentage
at a wavelength of 270 nm. Cumulative total LH permeated from
each sample was calculated as a percentage of its donor’s total
LH content.

2.6. Stability study

All LC formulas were stored in a desiccator for 3 months at room
temperature to determine their stability. After 3 months of storage,
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the physical properties of the nine formulations were analyzed and
their zeta potential was determined.

2.7. Cell viability

The effect of the LC formulation on cell viability was determined
using human gingival fibroblasts (HGF-1, ATCC�, CRL-2014TM, USA).
HGF-1 were cultured in high-glucose DMEM supplemented with
1% antibiotic–antimycotic (containing 100 U/mL of penicillin,
100 lg/mL of streptomycin, and 25 lg/mL amphotericin B; Invitro-
gen, USA) and 10% v/v fetal bovine serum (FBS; Gibco, USA) in a
humidified incubator (Thermo Fisher ScientificTM, USA) at 5% CO2

and 37 �C. The HGF-1 was prepared for the MTT assay by seeding
20,000 cells/well in 96-well plates in an FBS-free medium solution.
The cells were then exposed to LC3, LC6, LC9 and LH (concentration
varied between 50 and 1000 lg/ml) and incubated in a humidified
incubator (5% CO2, 37 ± 1 �C, 90% relative humidity) for 24 h. The
percentage of cell viability was analyzed using the MTT method,
which was calculated by the absorbance of the sample compared
to the absorbance of the negative control (using DMEM solution
and blank niosomes) in the same culture plate, following Eq. (3):

Percentage of cell viability ¼ Average absorbance of sample
Average absorbance of negative control

� 100

ð4Þ
2.8. Statistical analysis

Categorical variable data were estimated into percentages or
ratios (all n = 6, except n = 8 in cell viability test). Continuous vari-
able data were reported as means and standard deviations (SD) and
the normality was tested. Student t-test and analysis of variance
(ANOVA) were performed to test differences between or among
experimental groups using SPSS 13 software (SPSS Inc, Chicago,
IL, USA). The 32 full factorial experiment was designed using
Design-Expert� v.11.0.3 (Stat-Ease, Inc., Minneapolis, MN, USA).
For statistical significance (p < 0.05), either a Student’s t-test or
ANOVA were used to compare the average values.
3. Results and discussion

3.1. Formulation development

In our previous study, PEC was investigated the complex form-
ing through the interaction between positive charges of CS and
negative charges of PC. The effects of pH and pKa of the polymeric
solution were related to the physicochemical properties such as
particle sizes, zeta potential, %drug loading and %drug entrapment.
Moreover, the result on increasing of CS concentration obtained
large size of the particles and precipitation of the complex
occurred. This flocculation might cause from the electrostatic
imbalance of polyelectrolyte complex which these results also sim-
ilar to the increasing of polyanion concentration as PC or HA. On
the other hand, increasing double ratio of CS:PC as 6:2, 6:1, or
5:2 was found rapid aggregation of the polyelectrolyte system.
Several studies of CS-PC polyelectrolyte complex provided the sim-
ilar results of our experiments such as effects of the pH and pKa
(Maciel et al., 2015) and mass ratio of polymers which affected
to increase the particle sizes and decrease absolute zeta potential
of the PEC system (Wang et al., 2017; Potaś et al., 2020). Thus,
the ratio 3:1 of CS:PC was used to formulate ternary polyelec-
trolyte complex of CS-PC-HA.

Nine formulations of PEC composed of the positively charged
chitosan and the negatively charged pectin with HA and LH were
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analyzed by a 32 full factorial design. The LH varied from 4 to
10% w/w and HA from 0.5 to 1.5% w/w according to the range of
lidocaine and hyaluronic dose concentration.

3.2. Particle size, polydispersity index, and zeta potential

The LC particle sizes were in the range of 2.7–6.3 mm (Table 1
and Fig. 1a), in which a high concentration of HA groups (LCs 7–
9) provided the largest sizes. The ternary complexes composed of
chitosan, pectin, and hyaluronic acid was formed by the interaction
of opposing charges and the electrostatic force of the amino ionic
groups of chitosan (NH3+), the carboxyl groups (COO–) of pectin
(Archana et al., 2013; Borges et al., 2015; Hong et al., 2018) and
the hydroxyl group (OH–) of hyaluronic (Nath et al., 2015;
Bukhari et al., 2018). The anionic-cationic charge ratio of chitosan:
pectin: hyaluronic results from the formation of a macromolecules
polyelectrolyte complex (Priftis et al., 2014; Limsitthichaikoon and
Sinsuebpol, 2019). Compared to the CS-PC binary polyelectrolyte
complex, the present of HA significantly increased the particle
sizes from nanosize range (400–600 nm) to micron scales (2–
7 mm). The larger size of LCs 7, 8, and 9 might result from ternary
PEC preparation, which influences the strength of electrostatic
interaction (Zhang et al., 2016; Folchman-Wagner et al., 2017;
Wang et al., 2017; Hong et al., 2018). Moreover, the PDI increased
disproportionally with increasing particle size, demonstrating the
particle size uniformity (Fig. 1a).

All the formulations provided the negative zeta potential value
which were from the proportions of LH, HA, and pectin. The zeta
potential of nine formulations were observed in a range of �7.2
to �27.7 mV, as shown in Fig. 1b. The lowest concentration of
HA provided lowest zeta potential value which had absolute
charge <13.2 mV. The formulation LC4–LC9 observed the zeta
potentials of �21.1 to �27.7 mV. The zeta potential value of nega-
tive or positive charge that is <15 mV represents the beginnings of
agglomeration of particles lead to less area of interaction with
incoming substances or particles while the value above 16–
30 mV is a threshold of delicate dispersion and lead to prompt
interact with incoming substances or particles (Sherman, 1970;
Lee, 1998). The LC4–LC9 provided absolute value of zeta potential
of above �20 mV (Fig. 1b) could be represented the approximate
stability of dispersion. Even though all LC formulations had zeta
potentials lower than �30 mV, LC8, after three months of storage
at room temperature, had a significantly greater zeta potential
than freshly prepared (p < 0.01). The zeta potential of LC9 was
not significantly different in stored and fresh samples (p > 0.05)
(Fig. 1b). The particle size and zeta potential increased as the con-
centration of LH and HA increased. The HA concentration had a
greater effect on size than LH due to HA’s negative charge (Table 1),
allowing it to form cross-links and possibly coat the particle
(Gennari et al., 2019).

Forming suitable condition of the ternary PEC, ratio of chitosan:
pectin: hyaluronic can lead to form complex phase equilibria inter-
action (Scheme 1) (Priftis et al., 2014). In which the LH concentra-
tion increased, and HA concentration was fixed, there was a
significantly increase in particle size (Table 1). We obtained similar
results when HA concentration was increased, while the concen-
tration of LA was fixed. Although incorporating high concentration
of HA significantly develops the large particle size, the present of
HA, as ternary polymer in the CS-PC polyelectrolyte complexes,
helps induced particle size stability (Hong et al., 2018) by reduced
the PDI and increased zeta potential, viscosity, %EE and %DL.

3.3. Viscosity and mucoadhesiveness

The viscosity and mucoadhesiveness were greatest in formula-
tion LC9, which had the highest LH and HA concentrations (Table 1



Fig. 1. The comparison between particle size (gray columns) and polydispersity index (PDI) (red dot) (a) and zeta potential of LC formulations varied using a 32 factorial
design (b) in which white columns present the zeta potential of freshly prepared LC (day 0) and grey columns present zeta potential values after 3 months of LC storage at
room temperature. Error bars show SD (n = 6); symbols indicate significant differences at p < 0.05: *compared to the freshly prepared and (3 months) stored LCs, using
Student’s t-test.
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and Fig. 2a). The HA concentration had a greater effect than that of
LH, as observed in the results of LC3, LC6, and LC9 formulations:
viscosity increased four-fold from LC3 to LC6 and from LC6 to
LC9. The main factor that influences LC viscosity is HA concentra-
tion. This might explain by the nature of this molecule which acts
as a reservoir to entrap some certain factors in an extracellular
matrix. The duration of formula-mucin interaction also affected %
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mucoadhesiveness (Fig. 2a). The % mucoadhesiveness was greatest
at 15 mins and decreased after 30 and 60 min of bonding. The for-
mula–mucin bond was, therefore, weak, possibly due to the hydro-
gen bonding between the hydroxyl and carboxyl groups (Graça
et al., 2018). The ionic bond of the formula–mucin complex can
be active, but the formula and mucin’s negative charges allow for
a weak bond that could decrease over time (Graça et al., 2018).



Fig. 2. Comparison of (a) the formulation viscosity (white columns) and %
mucoadhesiveness at 0 (red line), 15 (yellow line), 30 (blue line) and 60 min
(green line), (b) percentage of entrapment efficiency (white column) and viscosity
of freshly prepared LC formulations (red line) and (c) percentage of cumulative
drug-release of 9 formulations of LC varied in 32 factorial design at 24 h which data
are average % cumulative amount ± SD (n = 6). Error bars represent standard
deviations (SD) (n = 6).
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Moreover, we observed external forces (or stimuli), such as vibra-
tion, made the formula–mucin interaction stronger. This result is
likely important in formula application.

3.4. Entrapment efficiency and drug loading capacity

The ratio of LH and HA also affected the entrapment efficiency
and drug loading capacity. In those formulations in which the LH
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concentration increased and HA concentration was fixed, there
was a slight increase in entrapment and drug loading. And the
same was true when HA concentration increased, and the concen-
tration of LH was fixed. The increasing viscosity might be due to
the entrapment of the LH inside the PEC, directly resulting in a high
% EE and %DL formulation (Graça et al., 2018; da Silva et al., 2018).

3.5. Morphology

SEM photographs of all formulations (Fig. 3a and b) showed
nanometer-sized particles (red arrowhead) dispersed on the poly-
meric micelle background (white arrowhead). Similarly, LCs
observed via TEM (Fig. 3c and d) appear as sphere-like vesicles
with nanometer-sized particles. The photographs of LC5 and LC8
showed the same morphology. However, the SEM- and TEM-
based size estimates were not consistent with the results of DLS
particle size analyses, which showed that these polymeric micelles
surrounded the LC molecule and reflected the light, making it
appear larger than the particles. The DLS method may not accu-
rately represent polymeric micelles. Optical microscopy images
and high magnifications of SEM or TEM may better describe parti-
cle morphology and micelle structure.

3.6. Drug release

The cumulative release of LH from LC was investigated in vitro
over 5 min, 2 h, and 24 h. These time points were used to assess
the dual-phase action of LC formulations for dry socket treatment,
which requires the early-onset and prolonged release of pain relie-
ver LH until re-epithelialization is complete (Burgoyne et al., 2010).
Therefore, an LH burst effect is essential, and our goal is to provide
initial drug release in 5 min.

At 5 min, the results of the burst effect (Table 1) showed that
when comparing formulations with the same HA concentrations
(low HA group LC1, LC2, and LC3; medium HA group LC4, LC5,
and LC6; high HA group LC7, LC8, and LC9), the increased viscosity
of the higher HA concentrations retarded drug release.

When the HA concentration was varied, the high release formu-
lations were LC1, LC4, and LC7, the middle group included LC2, LC5,
and LC8, and the low group included LC3, LC6, and LC9, which also
correlated to HA concentration. Thus, HA concentration directly
affected the percentage of LH release. Moreover, the burst effect
of LH release also lowered % EE and viscosity.

From Table 2, in the initial 2 hr of LH release were examined
using multiple kinetic models, zero-order is a model that plotted
as cumulative amount of drug released and time (5), first-order
is a model that plotted as log cumulative amount of drug released
and time (6), and Higuchi is a model that plotted as cumulative
amount of drug released and square root of time (7):

Q ¼ k0t ð5Þ

lnQ ¼ lnQ0 � k1t ð6Þ

Q ¼ kHt1=2 ð7Þ
where Q is the amount of drug release at time, Q0 is the initial drug
concentration, k0 is the rate constant corresponding to zero order
model, k1 is the rate constant corresponding to first order model,
kh is the rate constant corresponding to Higuchi order model, t is
time in hour, and t1/2 is the square root of time.

The profile of drug release within 2 h was analyzed by linear
regression (Table 2), and each formula was fitted into zero-order,
first-order, and Higuchi models (Mhlanga and Ray, 2015). LC
release was best fitted to zero-order kinetics, as the r2 approached
1, indicating that the LC formulations provided controlled delivery



Fig. 3. Micrographs observed under scanning electron microscopy (SEM) of LC5 (a), LC8 (b) and transmission electron microscopy (TEM) of LC5 (c) and LC8 (d), at 25,000�
magnification, showing molecular dispersions of LH in PEC form, between 50 and 100 nm. The red arrow indicates PEC particles, while the white arrows point to polymeric
micelles.

Table 2
Drug release over 2 hr, during which the coefficient of correlation (r2) demonstrated behaviors of zero-order, first-order, and Higuchi release models.

Formulation Zero-order First-order Higuchi

r2 slope Intercept r2 slope Intercept r2 slope Intercept

LD1 0.9982 35.488 39.973 0.9706 0.2154 1.6337 0.9781 60.892 19.808
LD2 0.9615 37.605 23.129 0.8593 0.3171 1.4112 0.9976 66.396 0.4129
LD3 0.9814 40.157 23.129 0.8726 0.4102 1.32238 0.9934 69.856 10.769
LD4 0.993 35.585 43.15 0.9533 0.2082 1.6618 0.9888 61.55 22.575
LD5 0.9781 39.648 19.924 0.8976 0.3396 1.3714 0.9901 69.146 3.4092
LD6 0.9889 43.803 15.815 0.8688 0.3878 1.3057 0.9869 75.853 9.575
LD7 0.993 33.373 49.871 0.9684 0.1816 1.7184 0.9803 57.477 30.753
LD8 0.9951 39.021 20.637 0.9427 0.3208 1.238 0.9766 67.005 1.5733
LD9 0.9961 36.218 13.028 0.9355 0.375 1.238 0.9765 62.159 7.5636
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(Swain et al., 2019). Optimal duration of controlled drug release for
dry socket management depends on the size of the exposed bone
area, but it usually ranges from 5 to 10 days (Blum, 2002); the most
painful period during dry socket occurs 2–3 days after the tooth is
removed. Thus, rapid onset of pain reduction and pain control is
needed until the wound is healed. Fig. 2c presents the percent
cumulative LH release sustained after 4 hr and controlled within
24 hr for all formulations.
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3.7. Stability analysis

The zeta potentials of LC formulations stored for 3 months were
compared to the zeta potentials of freshly prepared formulations.
The results show that 10 min after preparation, the low HA concen-
tration formulations (LCs 1–3) began to separate and were com-
pletely separated within 30 min (Fig. 4b). Although they could be
homogenized after shaking (Fig. 4a), they separated again within



Fig. 4. Stability of LC1 to LC9 formulations at room temperature (a) freshly
prepared, (b) 15 min after preparation, and (c) after 3 months of storage. Compared
to freshly prepared, LC1–LC3 particles sedimented rapidly, within 15 mins after
preparation, while LC4–LC7 were completely separated after 3 months of storage.
LC8 and LC9 were homogenous solutions, indicated the stability of those PEC
formulations.
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10 min, indicating unstable formulations. Formulations with a zeta
potential of approximately �20 mV or lower were more stable
(Fig. 1b), aggregating faster than other groups (Ostolska and
Wiśniewska, 2014; Raoufi et al., 2017).

After 3 months, co-aggregation and separation was observed in
LCs 4–7, while LC8 and LC9 were homogeneous (Fig. 4c). The zeta
potentials of the stored LC 4–7 formulations were less than those
of the freshly prepared samples, implying these formulas are
unstable (Ostolska and Wiśniewska, 2014; Raoufi et al., 2017). Vis-
cosity also affected the formulation stability, and LCs 1–7 had a
lower viscosity than LC8 and LC9 (Fig. 2b). The interacting colloidal
forces’ impact on the viscosity may affect repulsion energy. This
phenomenon may be due to electrostatic repulsion and Van der
Waals attraction retarding the Brownian movement of the colloidal
system, resulting in precipitate protection (Genovese and Lozano,
2006; López-Esparza et al., 2015).

3.8. Optimization: Factorial analysis and validation

The dependent factors were A = lidocaine hydrochloride con-
centration and B = hyaluronic acid concentration. The independent
factors (response parameters) were particle size, zeta potential, %
entrapment efficiency, and % drug release within 5 min.

Size ¼ 678:1Aþ 1312:11Bþ 4812:23 ð8Þ
(R2 = 0.8668)

Zeta ¼ 6:42B2 � 1:94A2 þ 2:75AB� 6:84B� 0:51A� 22:07 ð9Þ
(R2 = 0.9855)

Entrapment efficiency ¼ �2:06A2 � 9:4B2 þ 5:37AB

þ 1:96Aþ 20:49Bþ 75:41 ð10Þ
(R2 = 0.9978)

Drug release at 5 min resulting from 32 full factorial design

Drugrelease ¼ 8:24A2 � 1:1B2 � 1:76AB� 15:48Aþ 2:8B

þ 21:36 ð11Þ
(R2 = 0.9910)

Concentrations of LH and HA significantly affected particle size,
zeta potential, % EE, and drug release within 5 min (p < 0.05). Mul-
tiple regression analyses suggested a linear relationship between
LH and HA concentrations and particle size, % EE, and drug release,
while there was a quadratic relationship between concentration
and zeta potential. The equations for particle size, zeta potential,
% EE, and drug release are shown in Eqs. (8), (9), (10), and (11),
respectively. The 3D response surface and contour plots demon-
strating the effect of variables are shown in Fig. 5a, b, c, and d,
respectively. These effects are probably attributable to two factors.
First, the HA concentration increases the viscosity. HA, a hydrophi-
lic polymer (Graça et al., 2018; Gennari et al., 2019), was the last
component added to the formulation, and could expand to envelop
the other components. It increased particle size and % EE and
retarded drug release. Second, a high negative zeta potential may
result from adding HA, an anionic polymer (Graça et al., 2018;
Gennari et al., 2019). Therefore, increasing HA concentration
directly increases the zeta potential.

The factorial design is an effective method for experiment to
study effect of factors in small sample size, with cost-
effectiveness, and lower time consumption. Three level full facto-
rial design is a study to investigate about quadratic relationship
between the response and each of the factors and of polyelec-
trolyte complex. Pandey et al., optimized 32 full factorial design
of CS-PC polyelectrolyte complex for colon target drug delivery
and demonstrated a success in drug releasing to colon (Pandey
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et al., 2013). Surprisingly, their ratio design of CS:PC was 3:1.1
which similar to our study and their results showed that in this
ratio could yield the highest %swelling and %drug release at 12 h.
Although our design investigated the interaction of LH and HA in
the fixed ratio of CS:PC at 3:1, this intervention did not retard
the %release rather the principle effect of %swelling and %drug
release were derived from LH and HA.
3.9. Cell viability

The purpose of cell viability study is to observe the biocompat-
ibility after composed LH loaded in the PEC and the cytotoxicity of
each component. Even though each ingredient provides no cyto-
toxicity effect, after combined all of materials synergetic conse-
quence or any toxicity caused from the interaction of the
formulation might occur and needed to prove in in vitro cytotoxic-
ity study. Cell proliferation, implied from cell viability, was deter-
mined for formulations with high LH and varied HA
concentrations. The cell viability was evaluated to determine the
effects of PEC loaded with 50–1000 mg/ml of LH (formulations
LC3, LC6, and LC9) and different HA concentrations. HGF-1 cells
were also used to test the cell viability for blank PEC, HA, and Zn.
The results (Fig. 6a) showed that all other PECs besides LC3, LC6,
and LC9 did not affect the cell viability. Compared to un-loaded



Fig. 5. Response surface plot and contour plot of independent variables LH (lidocaine hydrochloride) and HA (hyaluronic acid) on (a) particle size, (b) zeta potential, (c)
entrapment efficiency, and (d) drug release at 5 min.
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Fig. 6. HGF-1 cell viability by MTT assay (n = 8) at 24 h in blank DMEM as a negative control, HA (-), HA (0), HA (+), and DMEMwith FBS as positive controls, chitosan-pectin-
hyaluronic polyelectrolyte complex (PEC) and zinc phosphate (Zn) (a) compared to the viability of cells exposed to LH, LC3, LC6, and LC9 formulations at 50–1000 lg/ml. Error
bars represent standard deviations; symbols indicate significant differences at p < 0.05: *compared to the negative controls (DMEM), and # in LH and LC at the same
concentration, using the Student’s t-test.
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LH, the LC3, LC6, LC9 formulations and the LH solution affected
HGF-1 after 24 h exposure in a dose-dependent manner (Fig. 6b).
At 250–1000 mg/ml LCs, the cell viability decreased approximately
20% compared to the negative control, but at lower concentrations
(50–100 mg/ml), LCs were not cytotoxic. Instead, these concentra-
tions improved cell proliferation (Scheme 1). In contrast, 500–10
00 mg/ml LH significantly reduced the HGF-1 viability below 50%
compared to the negative control (p < 0.05). According to ISO
norms, cell viabilities above 70% indicate the compound is non-
toxic or non-cytotoxic (Srivastava et al., 2018). Therefore, The
LC3, LC6, LC9, and LH at a concentration below 100 mg/ml were
reported as non-cytotoxic to HGF-1 cells.

Most important in developing the lidocaine hydrochloride-
loaded chitosan-pectin-hyaluronic acid polyelectrolyte complex
formulation is determining the ingredient that provides the most
stable formulation, suitable physicochemical properties, and rapid
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and steady-state, controlled release with no toxicity. The formula-
tions of 1.5% HA (LC7, LC8, LC9) demonstrated suitable physico-
chemical stability, even though this group demonstrated the
largest particle size, zeta potential, and % EE. Moreover, the high
concentration of HA provided rapid release within 5 mins and
sustained release over 24 h, demonstrated no cytotoxicity to gin-
gival fibroblasts and remained homogenous after 3 months of
storage. Data such as particle size, % EE, %DL, % drug release,
and cytotoxicity may inform predictions of the pharmaceutical
effects and drug uptake. Therefore, PEC is not only promising
vehicles in drug delivery system to transport the drug to target
sites, but it also manipulated the drug by controlling the rate of
drug release and prolonging the therapeutic activity primary by
diffusion from the matrix mechanism (Das et al., 2011). Addi-
tional studies such as biocompatibility and therapeutic efficacy
must be conducted.
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Zinc sulphate (Zn), one of the metal ions, can coordinate with
NH3+ of chitosan to form a cross-linking polyelectrolyte-metal-
chelation (Wang et al., 2004; Das et al., 2011). Moreover, the
advantages of adding Zn in the ternary complex system are the
properties of disinfection and bactericide (Takai et al., 2002), ani-
inflammation and wound healing induction (Soubhagya et al.,
2020), and antimicrobial activities (Wang et al., 2003) of zinc.

First, our main objective is to design the topical pain killer for-
mulation to treat dry socket wound as we presented a quality by
designing lidocaine hydrochloride loaded in chitosan-pectin- hya-
luronic acid polyelectrolyte complex which is a fast onset of action
within 5 mins and continue sustained release of lidocaine for 24 h
to suppress the pain from dry socket. Pathology of dry socket that
is loss of blood clot in early time, exposed bone and pain induced
from characteristic pain associated with dry socket have been
attributed to the formation of kinins in the alveolus (Blum,
2002). The kinins activate the primary afferent nerve terminations
(Blum, 2002; Cardoso et al., 2010). Treatment of dry socket in
direct techniques by applying wound dressing with medication
cover the exposed bone for protecting the bone from pain stimula-
tion and lidocaine release from formulation to bare bone. Accord-
ing to the pathogenesis of a dry socket that the pain comes from
the nerve at bone exposure site in a couple of minutes, our primary
outcome is to relive such acute pain and aim to sustain release of
our formation for a prolonged period until the re-epithelization
or would healing process is completed. Our findings were complied
with the nature of a dry socket pathogenesis, because we present a
quality by design of lidocaine hydrochloride loaded in chitosan-
pectin- hyaluronic acid polyelectrolyte complex which a fast onset
of action within 5 mins and continue sustained release of lidocaine
for 24 h to suppress the pain from dry socket. Moreover, form our
formulation investigation, we found no cytotoxicity of our formu-
lations to gingival fibroblasts, and remained homogenous after
3 months of storage. These data could be the primary outcome
and could be further investigated for developing of a higher effec-
tive formulation.

It is generally known that, the effect of certain formulations in
an in vitro study could not completely explain the effect seen in
an in vivo setting because there are more complex factors and
factors-factors interaction occurring in a living organism. Thus, to
ensure the effectiveness of our developed formulations, selected
formulations within a desired property (for instance, fast onset
and adequate release time) should be further evaluated in an ani-
mal model. There are many models of pain assessments that have
been published, for example, rats’ models for orofacial pain
(Martínez-García et al., 2019) and tooth extraction of rats
(Cardoso et al., 2011) which might fit for our experiment and need
to be considered. Thus, applying the animal models which measure
the pain including pain behavior in rats’ model
(Damrongrungruang et al., 2020) should be further examined for
convincing the clinician about the effectiveness of our formula-
tions prior to enter clinical trial phase.

4. Conclusion

LC formulations were successfully prepared by composing of
ternary polyelectrolyte complex. Concentration ratio of LH and
HA was found to influence particle size, zeta potential, %EE, loading
capacity, viscosity, and stability of the polyelectrolyte complex sys-
tem. The LC formulation achieved prompt release (within 5 min)
and demonstrated sustained drug release which cover the rapidly
and continue release to provide pain reduction. LC9 presented opti-
mum characteristics as nano-size particles, charge stability and
were proved to present biocompatibility, which could potentially
deliver LH for dry socket wound treatment. However, further
experiments may need to investigate for its clinical efficacy.
1080
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