87

Journal of Applied Pharmaceutical Research m

Volume 12 Issue 5, Year of Publication 2024, Page 87 — 101

DOI: https://doi.org/10.69857/joapr.v12i5.679 Check for
updates

Research Article

JOURNAL OF APPLIED PHARMACEUTICAL RESEARCH | JOAPR

www.japtronline.com ISSN: 2348 — 0335

FORMULATION AND DEVELOPMENT OF COMMIPHORA MYRRHA
BASED POLYHERBAL NANOEMULSION MOUTHWASH AND
ASSESSMENT OF ITS ANTI-OXIDANT AND CYTOTOXICITY ACTIVITY

Norafigah Yusof!, Sheba R David?, Nuramalina H Mumin?, Liyana Ahmad!, Rajan Rajabalaya'*

Article Information ABSTRACT
Received: 19" May 2024 Background: A Commiphora myrrha (CM)-based polyherbal mouthwash with enhanced stability and
Revised: 28" August 2024 oral bioavailability was developed using a high-energy homogenization method. Methodology: The

Accepted: 16" September 2024
Published: 31% October 2024

formulations primarily consist of herbal extracts from CM, ginger, and white tea, optimized based on
various parameters, including organoleptic properties, pH, Dynamic Light Scattering (DLS), and
Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR- FTIR). Stability studies

were also conducted on each formulation. Results and Discussion: The particle sizes ranged from 77

Keywords
Nanoemulsion, Commiphora to 216 nm, with zeta potential values between -0.92 and -2.09 + 0.38 mV, indicating stability. ATR-
WL PR C kel FTIR studies confirmed no interaction between the ingredients. Antioxidant activity was significant,

Antioxidant, Cytotoxicity
with 1C50 values for pure extracts of CM, white tea, and ginger being 0.071 + 0.003, 0.073 £ 0.004, and

0.066 + 0.004 mg/ml, respectively. For formulations M1 and M2, 1C50 values were 1.030 + 0.901 and
0.495 + 0.496 mg/ml, respectively, showing a concentration-dependent increase in antioxidant activity.
The MTT cytotoxicity assay showed high cell viability for M1 (96.1%) and M2 (133.3%) at 0.002
mg/ml, suggesting low cytotoxicity, though variability in results indicated further assay optimization.
High standard deviations, 0.06 and 0.208, indicated limitations in experimental conditions emphasizing
the need for improved assay parameters for accuracy. Conclusion: The mouthwash formulations, M1
and M2 Show promise, with future work focusing on increasing CM concentration and refining

cytotoxicity testing methods to ensure reliable data for subsequent antibacterial and in vivo studies.

INTRODUCTION individuals experience gingival inflammation, only a subset
Oral health is integral to overall well-being, whether in health or progresses to periodontitis, characterized by attachment loss.
iliness. Periodontal disease is an infectious condition caused by  \without treatment periodontitis can lead to tooth decay and

microbial plaque accumulation around the teeth, triggering an  eyentually, tooth loss [1]. Severe oral problems are particularly
inflammatory response in the gingival tissue. While many
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prevalent in individuals with advanced cancer who are admitted
to intensive care units [2], highlighting the importance of oral
health in overall patient well-being, especially toward the end of
life [2,3].

Several studies suggest chlorhexidine (CHX) mouthwash
effectively reduces plaque, gingival inflammation, and bleeding
[4]. However, prolonged use of CHX and other mouthwashes
may lead to side effects, including altered taste perception, tooth
decay, and acidic oral conditions that lower saliva pH [5,6].
CHX may also reduce oral antibodies, increasing susceptibility
to diseases such as gingivitis [7] and contributing to dental
mineralization loss and other dental issues when overused [8].
Elevated concentrations of lactate and glucose in saliva, closely
associated with an increased risk of oral diseases such as
diabetes mellitus, have also been reported [9]. High saliva lactate
and glucose levels, associated with increased oral disease risk,
including diabetes mellitus, are also reported [9]. Additionally,
CHX may alter oral acidity, impacting bacterial species and
nitrite availability and potentially influencing blood pressure
regulation. Although CHX helps maintain acid-base balance by
modifying the oral bacterial composition, alternative strategies
for preventing gingivitis, such as herbal remedies, are desirable
[6]. Herbal extracts have long been used to treat various ailments
and are increasingly being explored as alternatives for oral
health care. Herbal remedies offer a promising alternative, with
side effects and bioactive compounds targeting
inflammation and microbial growth. However, there is a gap in
integrating advanced drug delivery systems, such as
nanoemulsions, in oral care products containing herbal
extracts[10]. Nanotechnology enhances the delivery of herbal
compounds by addressing challenges such as poor solubility and
bioavailability, which are common with natural products
compared to synthetic compounds. Combining herbal extracts
into nanoemulsions improves bioavailability and delivery
efficiency [11].

fewer

Commiphora myrrha (CM) is a small tree native to the Arabian
Peninsula, East Africa, and India, belonging to the Burseraceae
family. The resinous exudate of CM, known as myrrh, is
obtained from the bark and trunk of the trees [12]. Myrrh is
water-soluble and primarily contains 60% frankincense, 40%
resin, and volatile oils such as eugenol, sterols, triterpenoids, and
furanosesquiterpenes [12-14]. Traditionally, myrrh has been
used in perfumery and treating skin diseases and wounds [15]. It

is also an effective antimicrobial agent, commonly used in
treating oral ulcers, gingivitis, and sinusitis [14]. Furthermore,
myrrh oil and crude extracts exhibit various biological activities,
including anti-inflammatory, cytotoxic, and antimicrobial
effects [16]. Studies have demonstrated myrrh's ability to
stimulate plasma cell production, induce angiogenesis, and
promote tissue regeneration within seven days [15].

Additionally, myrrh mouthwash has been reported to initiate
early rehabilitation, exhibiting superior immunomodulatory,
antimicrobial, and antifungal properties [15]. Myrrh has also
shown therapeutic potential in inhibiting the growth of various
bacteria, fungi, and parasites, such as those causing fascioliasis
and schistosomiasis [17]. In diabetic patients, periodontal
disease progresses more rapidly, disrupting glycemic control
and potentially creating a vicious cycle [18]. Ginger (Zingiber
officinale) is one of the most widely used medicinal plants [19].
Its active ingredients, such as B-bisabolene, shogaol, gingerol,
and paradol, contribute to its anti-glycemic, anti-inflammatory,
antioxidant, anti-cancer, and anti-obesity effects [20]. Ginger
may also alleviate inflammation by reducing levels of
inflammatory markers (TNF-a, IL-1pB, IL-6) in diabetic patients,
significantly lowering malondialdehyde levels while increasing
antioxidant enzyme levels, such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GR), and glutathione itself [21]. Like green and black
tea, white tea is derived from Camellia sinensis [22]. Previous
studies have highlighted the significant health benefits of white
tea, particularly its antimicrobial properties, which surpass those
of other tea varieties [23].

White tea contains polyphenolic compounds with many
including antioxidant, anticancer,
antitoxoplasmal, and antihelminthic ~ effects [24].
Nanoemulsions have gained attention for their ability to improve
the solubility and bioavailability of poorly soluble herbal
extracts in various therapeutic applications, including oral health
[25]. Studies have demonstrated that nanoemulsions can
effectively deliver active ingredients, such as essential oils and
herbal extracts, to the oral mucosa, providing sustained release
and enhanced therapeutic effects . For instance, Juniatik et al.
developed a nanoemulsion mouthwash containing lemongrass
and kaffir lime oils, showing significant antifungal activity
against Candida albicans [26]. Similarly,
incorporating eucalyptus oil have been shown to enhance the

activities, antiviral,

nanoemulsions
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formulation's antimicrobial and antioxidant properties.
However, using nanoemulsions containing herbal combinations
like CM, ginger, and white tea in oral health applications is still
underexplored, creating further research and innovation
opportunities. Based on the above literature, the primary
objective of this study was to develop a polyherbal
nanoemulsion mouthwash containing CM, ginger, and white tea.
The development process included evaluating the formulation's
physicochemical properties, such as organoleptic characteristics,
particle size, pH, consistency, and stability. Additionally, the
study aimed to investigate the formulated mouthwash's
antioxidant properties and in vitro cytotoxicity.

MATERIAL AND METHODS
Materials

The oleo-gum-resin or Myrrh of Commiphora Myrrha (CM),
Virgin Coconut Oil (VCO), and Ginger powder was obtained
from a local market in Brunei. White Tea extract (Camellia
Sinesis) was purchased from (Bareggio, Milan, Italy). Glyceryl
Monooleate (GMO) and Tween® 80 were procured from Sigma-
Aldrich (Billerica, Massachusetts, USA). The L-Glutamine
solution, Penicillin-Streptomycin, Fetal Bovine Serum (FBS),
Dimethyl sulfoxide (DMSO), 0.25% Trypsin-EDTA and 0.4%
Trypan blue solution were also obtained from Sigma Aldrich
(Burlington, MA, USA). Dulbecco’s Modified Eagle Medium
(DMEM) and Phosphate Buffer Saline (PBS) were obtained
from Thermo Fisher Scientific (St. Louis, Missouri, USA). 2,2-
diphenyl-1-picrylhydrazyl DPPH solid powder and Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were
obtained from Sigma Aldrich (Burlington, MA, USA).

Preparation of Mouthwash

Five different polyherbal mouthwash formulations based on
Commiphora myrrha (CM) were prepared, each containing
Myrrh along with two secondary herbal components: Ginger
extract (GE) and White Tea extract (WTE). Myrrh resin was first
rinsed with distilled water, air-dried, and ground into a fine
powder to prepare each formulation. Myrrh and Ginger powders
were then separately dissolved in Milli-Q water and filtered to
obtain aqueous extracts of Myrrh and Ginger. Each formulation
was prepared with a constant volume of 100 mL, with a
concentration of 2 mg/mL, based on 200 mg of Myrrh in each
formulation, as shown in Table 1. The oil phase of the emulsion
consisted of Virgin Coconut Oil (VCO) and GMO surfactant,
while the agueous phase contained the Myrrh extract, GE, WTE,

and Tween 80 as a co-surfactant. Both phases were heated to
60°C before titration. The aqueous phase was slowly added to
the oil phase under continuous stirring at 500 rpm for 10
minutes.

This was followed by homogenization using a high-pressure
Silverson Homogenizer at 2500 rpm for 30 minutes to create
nano-dispersions for each formulation [27,28]. Each formulation
was then observed for one day to check for phase separation and
to optimize the concentrations of surfactants and co-surfactants,
as described in the references.

Physicochemical Characterization Studies

Organoleptic Properties

The organoleptic properties, including odor and color, were
evaluated for the CM-based polyherbal nanoemulsion [29].

pH determination

Exactly 5 mL of the sample formulation was dissolved in 10 mL
of distilled water (pH 7.0), and the pH was measured using a
calibrated Mettler Toledo pH meter (USA), as shown in Table 2
[30].

Dynamic Light Scattering (DLS) measurements

Dynamic Light Scattering (DLS) was used to characterize the
five mouthwash formulations in terms of particle size, zeta
potential, and polydispersity index using the Zetasizer Nano ZS
(Malvern Instruments, Worcestershire, UK). Each formulation
was diluted with 4 mL of Milli-Q water and ultrasonicated for
15 minutes to ensure uniform particle dispersion. Then, 2 mL of
the solution was placed into sample cuvettes and loaded into the
DLS instrument. The analyses were conducted with an average
of 30 scans [29].

ATR- FTIR analysis

Fourier Transform Infrared (FTIR) spectroscopy was conducted
on all mouthwash formulations and their herbal components to
assess compatibility and identify functional groups. The analysis
used an IR Spirit (Shimadzu, Kyoto, Japan) equipped with an
Attenuated Total Reflectance (ATR) accessory with a diamond
crystal. For each measurement, 10 L of the sample was directly
applied to the ATR crystal, ensuring sufficient contact. The
spectra were recorded in the 400 to 4000 cm™ range with a
resolution of 4 cm™. The ATR-FTIR method allows direct
analysis of the liquid samples without complex sample
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preparation like the KBr pellet method. Spectra were collected
for each formulation and compared with those of the pure herbal
components to confirm the presence and stability of the
functional groups [31].

Stability studies

The stability of each mouthwash formulation was evaluated by
storing 20 mL of each formulation at 4°C, 25°C, and 40°C for
30 days. The pH of the formulations was measured at 0, 14, and
30 days using the Accumet AE150 pH meter (Thermo Fisher
Scientific) [32].

Antioxidant activity of CM-polyherbal nanoemulsion

DPPH Assay
The total antioxidant capacity of the optimized mouthwash
formulations was measured using the 2,2-diphenyl-1-

picrylhydrazyl (DPPHe) radical scavenging assay. In this assay,
antioxidants reduce the purple DPPHe« radicals, producing a pale
yellow compound, 1,1-diphenyl-2-picrylhydrazine, which
allows for spectrophotometric measurement of antioxidant
activity [33]. A 0.2 mM DPPH solution was prepared by
dissolving 3.94 mg of DPPH powder in 100 mL of methanol.
Various concentrations of each mouthwash formulation, herbal
components, and the standard Trolox were prepared by serial
dilution in a 96-well plate using methanol, ranging from 2
mg/mL to 0.00625 mg/mL. The volume of each test sample was
kept constant at 100 pL per well.

A blank containing 100 pL of methanol was also included. Next,
100 pL of DPPHe solution was added to each well, mixed
thoroughly, and incubated at room temperature (25+2°C) for 30
minutes in the dark. Absorbance was measured at 517 nm using
the Epoch 2 Microplate Spectrophotometer (BioTek
Instruments, Winooski, Vermont, USA). All absorbance values
were corrected against the blank, and the ability to scavenge
DPPHe free radicals was expressed as the percentage radical
scavenging activity, calculated using the following equation
[34,35]:
% Radical Scavenging activity
_ AbSBlank - Abssample

X 100
AbsBlank

Where, Abs = Absorbance.

The results were expressed as the Minimal Inhibitory
Concentration (ICso) value, the concentration required to achieve
a 50% anti-oxidant effect.

Cell culture

Human Embryonic Kidney 293 (HEK293) cell lines were
obtained from the American Type Culture Collection (ATCC,
Manassas, Virginia, USA). The cells were cultured at 37°C in a
humidified atmosphere with 5% CO: to maintain optimal
conditions for cell growth. These parameters were strictly
controlled throughout the experiment to ensure consistency and
reproducibility. The cells were cultured in T25 flasks containing
4 mL of DMEM media supplemented with 10% heat-inactivated
fetal bovine serum (FBS), 4 mM L-glutamine, and 1%
Penicillin-Streptomycin.

Cells were incubated at 37°C in a humidified atmosphere with
5% COs.. Cells were passaged when they reached approximately
90% confluence to maintain optimal density. The old media was
aspirated during cell passage, and cells were washed with 4 mL
of phosphate-buffered saline (PBS). Cells were then detached by
incubating them with 1 mL of 0.25% Trypsin-EDTA for 3-5
minutes at 37°C. Following detachment, 4 mL of fresh media
was added to neutralize the Trypsin, and the cell suspension was
centrifuged at 300 g for 5 minutes. The supernatant was
discarded, and the cell pellet was resuspended in fresh DMEM
media to avoid prolonged Trypsin exposure, which could lead to
cell damage. Cell viability and concentration were assessed
using a hemocytometer and Trypan Blue exclusion assay to
ensure accurate cell counting for subsequent experiments.
Residual cells were seeded into new T25 flasks and incubated
under the same conditions [36,37].

In-Vitro Cytotoxicity Study

Mouthwash Formulation Treatment

Three concentrations (0.2 mg/mL, 0.02 mg/mL, and 0.002
mg/mL) of the M1 and M2 mouthwash formulations were
prepared by serial diluting a 2 mg/mL stock solution in DMEM.
Herbal controls of Commiphora myrrha, ginger extract, and
white tea extract were ready at a 1:10 dilution to match the
highest concentration used in the test samples.

MTT Cytotoxicity Assay

The cytotoxicity of the optimized mouthwash formulations was
evaluated using the MTT assay. Before the experiment, cell
optimization was conducted to determine the optimal seeding
density. HEK293 cells were seeded at densities of 1 x 104 2 x
104, 3 x 10% and 4 x 10* cells per well in a 96-well plate
(Corning, Waltham, Massachusetts, USA) and incubated at
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37°C with 5% CO. for 24 hours. Based on the optimization
results, a seeding density of 2 x 10* cells per well was selected
for further experiments. After 24 hours of incubation, the media
was replaced with 100 pL of each treatment sample (M1, M2,
and controls) and incubated for another 24 hours under the same
conditions. Cells treated with 1 mM 5-Fluorouracil (a known
cytotoxic agent) served as the positive control, while distilled
water was the negative control. Wells containing only fresh
DMEM without cells were used as the blank control. After the
treatment, the media was removed from each well, and 30 pL of
MTT solution (1 mg/mL in PBS) was added. The plates were
incubated for 2 hours at 37°C in the dark to allow the formation
of formazan crystals by viable cells.

After incubation, 100 uL of isopropanol was added to each well
to dissolve the formazan crystals, and the plate was kept in the
dark for an additional 2 hours. Absorbance was measured at 570
nm using the Epoch 2 Microplate Spectrophotometer (BioTek
Instruments, Winooski, Vermont, USA). Absorbance values
were corrected against the blank wells, and cell viability was
calculated using the following equation:[38]. This method
provides reproducibility by ensuring accurate cell optimization
and detailed absorbance measurement procedures.

AbSSample - AbsBlank

Cell Viability (%) = x 100

Absnegative control — AbsBlank
Where, Abs = Absorbance.

Statistical analysis

All experiments were performed in triplicate to ensure
reproducibility, and the data are presented as mean * standard
deviation (SD). For statistical analysis, one-way analysis of
variance (ANOVA) was used to compare the means across
different treatment groups. Tukey’s post-hoc test was applied for
multiple comparisons to determine the significance between
specific groups. Each data point was normalized against the
blank control to account for variability in absorbance values, and
outliers were identified and excluded using Grubbs’ test.
Statistical analyses were conducted using GraphPad Prism
(version 8.4.3). A p-value of < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION
Preparation of CM-Based Polyherbal Nanoemulsion

Initially, 12 formulations containing additional secondary herbal
components, such as ginger and white tea, were developed.

However, only five stable CM-based polyherbal nanoemulsions
were successfully prepared. The limitation arose from solubility
issues with the ginger extract in the aqueous phase, leading to
phase separation. Formulations with lower and higher
concentrations of these components led to phase separation,
which prompted the selection of five optimized formulations
(M1-M5) based on stability.

The chosen concentrations of Virgin Coconut Oil (VCO),
Glyceryl Monooleate (GMO), and Tween 80 were optimized to
ensure emulsification stability, droplet size uniformity, and
formulation integrity [29]. Tween 80 was selected for its ability
to reduce interfacial tension and prevent phase separation,
enhancing overall stability. GMO and VCO were chosen for
their compatibility and capacity to form stable emulsions with
small, uniform droplets aided by the medium-chain fatty acids
in VCO. These optimized concentrations also ensured long-term
stability by maintaining appropriate particle size and zeta
potential [39]. The results of the formulations (M1-M5) prepared
using Virgin Coconut Oil (VCO), Glyceryl Monooleate (GMO),
and Tween 80 with three herbal extracts (Commiphora myrrha
(CM), Ginger extract, and White Tea extract) are presented in
Figure 1 and Table 1. M3 was excluded from further studies of
the five formulations due to phase separation. VCO was
dissolved in GMO as the oil phase. GMO has a high solubility
in the medium-chain fatty acids (MCFA) found in VCO,
promoting maximum stability of the nanoemulsion or liquid
crystalline formulations [37]. Despite these efforts, formulation
M3 still exhibited phase separation after the stability studies,
likely due to insufficient surfactant concentration, and was
excluded from further analysis.

Physiochemical Characterization studies

Organoleptic properties

The organoleptic properties were evaluated, and the pH data and
particle size values are presented in Tables 1 and 2.

The organoleptic properties of the CM-based nanoemulsion
showed a pure white color and an oily odor, as no flavoring
agents were added based on preliminary studies. The pH values
ranged from 5.02 to 5.37, indicating a slightly acidic
formulation. Ideally, mouthwashes should have a pH above 5.5
to prevent enamel erosion in an acidic environment (pH < 5.5)
[40, 41]. Several factors, such as chemical reactions and acidic
esters in VCO, may have contributed to the slight acidity
observed in the formulations [42].
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Figure 1: Schematic diagram of the preparation of oil-in-water (o/w) CM based polyherbal nanoemulsion. A- CM & Ginger; B-

Aqueous and Qil phase; C- Higher formulation method; D — CM- polyherbal nanoemulsion formulations.

Table 1: Excipients and components of CM-based mouthwash final formulation

Batch VCO Surfactants (%) CM GE WTE Organoleptic properties Remarks

code (9) GMO Tween 80 (mg/mL) (mL) (mL) Colour Odour

M1 10 2 2 10 5 White oil Nanoemulsion
formed

M 2 10 4 10 5 White Oil+ Nanoemulsion

M 3 20 2 10 5 Off-white  Qil Phase
separation

M 4 20 5 2 10 5 White Oil+ Nanoemulsion
formed

M 5 20 10 2 10 5 Off-white  Oil++ Nanoemulsion

formed

VCO: Virgin Coconut Qil, GMO: Glyceryl Monooleate, CM: Commiphora Myrrha, GE: Ginger Extract, WTE: White Tea Extract:
+ Strong odour, ++ Very strong odour

Table 2. pH values and Particle size of Mouthwash formulations at different intervals

pH value

Zeta Potential

Code Day 1°C12°C 25°C  2°C 40°C £ 2°C Particle size (mV) PDI value
0 - 5.37 -

M1 14 5.29 5.09 4.75 216.3+2.3 -1.18 +0.51 0.263 £ 0.01
30 5.20 4.90 4.72
0 - 5.33 -

M 2 14 5.16 5.04 451 135.7+16 -1.72+0.26 0.279 £0.01
30 5.02 491 473
0 - 5.11 -

M 4 14 5.03 5.10 4.69 156.3+25 -2.09+0.38 0.230+£0.02
30 5.01 4,98 4.76
0 - 5.02 -

M 5 14 4.97 4.69 4.44 77.7+0.3 -0.92 £0.27 0.217 £ 0.06
30 4.85 4.88 4.35

PDI: Polydispersity Index. Values are given as mean + SD
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Dynamic Light Scattering (DLS)

DLS was used to detect fluctuations in scattering intensity due
to the Brownian motion of particles in suspension [43]. The
droplet sizes of the nanoemulsions with different oil and
surfactant ratios (M1-M5) ranged from 77.7 £ 0.3 nm to 216.3 =
2.3 nm (Table 2). Formulation M5, with the highest Tween 80
concentration, exhibited the smallest particle size (77.7 + 0.3
nm), while M1, with the lowest Tween 80 concentration, showed
the largest particle size (216.3 £ 2.3 nm). Higher surfactant
concentrations were associated with smaller droplet sizes,
enhancing stability [42]. Polydispersity Index (PDI), another key
indicator of stability, ranged from 0.217 + 0.06 (M5) to 0.279 +
0.01, indicating mid-range uniformity in particle
distribution [44,45]. Zeta potential values, which measure the
surface charge and influence long-term stability, ranged from -
0.92 £ 0.27 mV to -2.09 £ 0.38 mV, suggesting relatively low
electrostatic stabilization [46]. As shown in Table 1, the
formulations with higher concentrations of Tween 80 (e.g., M5)
exhibited smaller particle sizes than those with lower
concentrations (e.g., M1). This can be attributed to the role of
surfactants in reducing interfacial tension, thus leading to
smaller, more stable nanoemulsion droplets (Figure 1). Dynamic
Light Scattering (DLS) results (Table 2) further confirm that
higher surfactant levels lead to smaller particle sizes and a more
uniform distribution, as indicated by lower polydispersity index
(PDI) values. Although higher zeta potential values typically
indicate greater stability, the nanoemulsions in this study
maintained stability through careful optimization of formulation
parameters, such as surfactant type and stirring speed [47,48].
As presented in Table 2, the zeta potential was also influenced
by the concentration of Tween 80. Formulations with higher
surfactant levels (e.g., M5) showed more negative zeta potential
values, indicating greater stability due to increased surface
charge repulsion[49]. This is consistent with the expectation that
higher surfactant concentrations enhance the electrostatic
stabilization of nanoemulsions. These findings emphasize that
stability in nanoemulsions depends on multiple factors,
including particle size, PDI, and zeta potential, with surfactant
concentration playing a critical role.

size

Fourier Transform Infrared Spectroscopy

The FTIR spectrum identifies the vibrational characteristics of
functional groups in the components and the nanoemulsion. In
pure Commiphora myrrha (CM), absorption peaks at 1623 cm™
and 3298 cm™' correspond to (C-H) and (O-H) groups of phenols

(Figure 2). For Virgin Coconut Qil (VCO) and Glyceryl
Monooleate (GMO), dual peaks at 2925 cm™ and 2851 cm™
represent asymmetric and symmetric (C-H) stretching,
characteristic of fatty acids like palmitic, lauric, and stearic acids
[47]. Additionally, absorption peaks at 1728 cm™, 1169 cm™,
and 1103 cm™ indicate carbonyl esters and fatty acid stretching.
Tween 80 exhibited characteristic absorption peaks at 2854
cm™, 1733 cm™, and 1090 cm™, corresponding to (C-H), (C=0),
and (C-0) stretching, respectively [45]. The FTIR spectra of the
CM-nanoemulsion formulations (containing ginger, white tea,
Tween 80, VCO, and GMO) showed prominent peaks
corresponding to these ingredients, indicating the successful
incorporation of active groups into the nanoemulsion particles.
The spectra closely matched that of pure myrrh, confirming the
stability and integrity of the formulation [48]. After
characterization, formulations M1 and M2 were selected to
evaluate their antioxidant and cytotoxic properties further.

Stability studies

The pH value is crucial for the stability of nanoemulsions. At
Day 0, the pH values of all formulations ranged from 5.02 to
5.37. A gradual decrease in pH was observed from Day 14 to
Day 30, with formulations stored at 40°C showing a more
significant decline than those stored at 4°C (Table 2). Changes
in ionic strength can impact the stability of nanoemulsions by
altering electrostatic attraction between particles and lowering
interfacial tension [50]. The reduction in pH, especially with
coconut oil, may be due to the hydrolysis of fatty acid esters [51].
The observed pH decrease over time may be attributed to the
hydrolysis of fatty acids in VCO or the degradation of other
components. To address this issue, incorporating buffering
agents such as phosphate or citrate buffer could help maintain a
stable pH throughout the storage period. Additionally, adjusting
the concentration of antioxidants and preservatives may reduce
oxidative degradation and improve pH stability[52]. These
strategies will be investigated in future formulation
optimizations to enhance long-term stability.

Anti-oxidant studies

DPPH Assay

The radical scavenging activity (RSA) of Commiphora myrrha
(CM), M1, ginger, and white tea extracts was expressed as IC50
values relative to Trolox. The ginger extract exhibited the
highest RSA compared to CM and white tea. The RSA for ginger
at concentrations of 0.0625 to 2 mg/mL ranged from 77.5% to
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96.8%, while for CM, it ranged from 76.9% to 77.7%, and for
white tea, from 76.0% to 78.6% (Figure 3a & b). For the
formulations, the RSA of M1 ranged from 15.0% to 62.0% and
M2 from 4.0% to 49.4% across the same concentration range
(Figure 4). Both formulations showed a concentration-
dependent increase in RSA. Pure myrrh extract, white tea, and
ginger exhibited strong antioxidant activity, with IC50 values of

Transmittance (%)

0.071 = 0.003, 0.073 + 0.004, and 0.066 + 0.004 mg/mL,
respectively, compared to Trolox (IC50 = 0.030 = 0.008
mg/mL). The 1C50 values for M1 and M2 were 1.030 + 0.901
and 0.495 * 0.496 mg/mL, respectively (Table 3). The DPPH
assay results indicated lower antioxidant activity for M1 and M2,
likely due to the low encapsulation efficiency of CM [53].
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ingredients and control M1 & M2 p < 0.05

Table 3: I1Cso values of Mouthwash Formulations and Herbal
components

Formulation = DPPH Radical Scavenging Activity

code ICs0 (mg/ml)

Trolox 0.030 + 0.008**

M1 1.030 £ 0.901*

M2 0.495 + 0.496*

CM 0.071 + 0.003*

Ginger 0.066 + 0.004*
White Tea 0.073 £ 0.004

CM: Commiphora Myrrha. Values are given as mean £ SD; *p
< 0.05; **p > 0.05

The results of our polyherbal mouthwash formulations,
particularly in terms of antioxidant activity and cytotoxicity,
align with findings from other studies involving herbal
ingredients like Commiphora myrrha (CM) and related
polyherbal systems. For example, studies have shown that CM
possesses significant antioxidant and antimicrobial properties,
making it a common ingredient in formulations aimed at oral
health care. Like our study, Badran et al. demonstrated that
nanoemulsions incorporating herbal components, including CM,
exhibited strong antioxidant activity with 1C50 values
comparable to synthetic antioxidants such as Trolox [54].

This supports our findings where CM-based formulations
exhibited good antioxidant potential, although further
optimization is needed to enhance encapsulation efficiency and
stability. In addition, comparisons can be drawn with studies on

other herbal mouthwash formulations. For instance, a study by
Anand et al. on polyherbal formulations containing eucalyptus
oil and other essential oils demonstrated comparable antioxidant
activity and stability when using optimized surfactant
concentrations [55]. Like our findings, using surfactants such as
Tween 80 was crucial for maintaining stability and ensuring
efficient delivery of the active herbal components. These studies
reinforce the potential of herbal ingredients like CM in oral
formulations and highlight the importance of optimizing
formulation parameters to improve efficacy.

The lower encapsulation efficiency of Commiphora myrrha
(CM) in formulations M1 and M2 could be attributed to several
factors. First, the inherent solubility characteristics of CM resin
and its complex chemical composition may have impacted its
incorporation into the nanoemulsion system [56]. CM contains a
mixture of hydrophobic and hydrophilic components, and the
hydrophobic resin may have exhibited partial incompatibility
with the surfactant system used (Tween 80 and GMO), leading
to reduced encapsulation [57]. Additionally, the high surfactant
concentration necessary to stabilize the formulation may have
interfered with the efficient loading of CM, as excess surfactant
can sometimes hinder the formation of stable drug-surfactant
complexes [58].

These factors could explain the lower antioxidant activity
(higher 1C50 values) observed in M1 and M2. Future studies will
explore modifications to the surfactant-to-oil ratio and
alternative encapsulation techniques to improve the loading
efficiency of CM. To overcome this limitation, one approach
would be to optimize further the concentration of surfactants,
such as Tween 80 and Glyceryl Monooleate (GMO), to improve
the emulsification process and enhance the incorporation of CM
into the nanoemulsion system. Increasing the surfactant
concentration can reduce interfacial tension and promote better
encapsulation of the hydrophobic components[59]. However,
care must be taken to avoid excessive surfactant levels, which
could lead to destabilization or cytotoxic effects.

In-vitro cytotoxicity study

Cell optimization

The absorbance values for cells with cell densities of 1.0, 2.0,
3.0, and 4.0 x 10° cells were 0.382, 1.071, 1.159, and 1.202,
respectively. With increasing cell density, an increase in
absorbance at 570 nm was observed (Figure 5 & Table 4).
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Figure 5: Cell Optimization replicates at different cell densities

Table 4: Absorbance values of different cell density in cell

optimization
Cell density Absorbance at 570nm
1 2 3 Mean
1.0 x 10° 0.432 0.378 0.335 0.382*
2.0 x 105 1.133 0.855 1.225 1.071*
3.0 x10° 0.983 1.013 1.481 1.159*
4.0 x 10° 1.102 1.069 1436 1.202*

; *p <0.05; **p >0.05

In-Vitro Cytotoxicity Of CM-Polyherbal Nanoemulsion
Using MTT Assay

The mean absorbance values for the negative control (distilled
water) and positive control (5FU) were 0.992 + 0.184 and 0.710
+ 0.128, respectively. The absorbance readings for the M1 and
M2 formulations at a concentration of 0.002 mg/mL were 1.426
+0.06 and 1.88 + 0.208, respectively. The %CV for M1 at 0.002
mg/mL was calculated as 96.1%, and for M2, it was 133.3%
(Figure 6a & b).
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mouthwash formulations; M1* & M2*- p < 0.05.

The optimization of cell number per well in a 96-well plate was
performed before the experiment. It was observed that
absorbance values increased with higher cell density, ensuring
the correct dilution ratio for each cell number. In this study, a
cell density of 2.0 x 10° cells per well, which yielded an
absorbance reading of 1.071, was selected to evaluate the
cytotoxic activity of the mouthwash formulations. This fell
within the optimal absorbance range of 0.7 to 1.25, allowing for
accurate measurement of both cell proliferation and inhibition of
cell death [60]. Distilled water, with an absorbance value of
0.992 and 100% cell viability, was used as the negative control
to assess the cytotoxic effects of M1 and M2 formulations.
However, both formulations exhibited high standard deviation
(SD) values of 0.06 and 0.208, respectively, indicating
variability in absorbance within replicates. This inconsistency
compromised the accuracy of the cytotoxicity evaluation.
Additionally, contrary to expected cytotoxic properties, M1 and
M2 formulations at the lowest concentration of 0.002 mg/mL
demonstrated an increase in overall cell viability, with 96.1%
and 133.3% viable cells, respectively (Figure 3b).

The low absorbance readings and variations in results may be
attributed to suboptimal experimental conditions, such as
improper cell culture conditions (e.g., temperature, humidity,
CO: levels, and light exposure) and non-confluent cell
suspensions. Uneven cell distribution due to inconsistent mixing
before plating could also contribute to low cell counts in certain
wells, leading to decreased cell viability. Based on these MTT
assay results, it was challenging to accurately assess the
cytotoxic effects of both M1 and M2 formulations on HEK293

cells due to ineffective control results. Increasing the number of
experimental repeats and improving cell plating techniques in
future studies may enhance the accuracy and reliability of the
results. Reducing significant variations in %CV between
replicates could also be achieved by optimizing cell plating
procedures [61,62]. The variability observed in the cytotoxicity
assay (Table 3, Figures 5-6) could partially be linked to
differences in the surfactant concentration affecting cell
interaction with the formulations. Formulations with higher
concentrations of Tween 80, such as M5, may have shown less
cytotoxicity due to better stabilization of the particles, reducing
their potential to interact negatively with cell membranes. This
aspect will be further optimized in future studies to reduce
variability.

The observed variability in cell viability during the cytotoxicity
assays, as indicated by high standard deviations in the MTT
assay results, can be attributed to several factors. First, the
nanoemulsion formulations might have experienced uneven
distribution in the cell culture medium. Due to the hydrophobic
nature of some components (such as Virgin Coconut Qil and
Commiphora myrrha), non-uniform dispersion could lead to
variable exposure of cells to the active ingredients, affecting the
reproducibility of results [63]. Surfactants like Tween 80, while
necessary for stabilization, may also impact the interaction
between the nanoparticles and the cell membranes, influencing
cytotoxic responses differently depending on the concentration
[64]. Another reason for the variability could be the sensitivity
of the Human Embryonic Kidney 293 (HEK293) cells used in
the study. These cells may respond differently to slight
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nanoparticle size or surfactant concentration variations, leading
to inconsistent cell viability results [61]. Factors such as
differences in cell confluency at the time of treatment, pipetting
errors during the addition of nanoemulsions, and suboptimal
culture conditions (e.g., temperature or CO: levels) could also
introduce variability in cytotoxicity outcomes [60].

CONCLUSION
A Commiphora myrrha-based polyherbal

containing ginger and white tea extract was successfully
prepared using the inversion emulsion method. The formulations
were characterized based on organoleptic properties, particle
size, and zeta potential. The particle sizes ranged from 77 to 216
nm, and compatibility studies via FTIR confirmed no
interactions between herbal ingredients and surfactants,
supporting the stability of the formulations. Antioxidant studies
showed relatively low radical scavenging activity for the
nanoemulsions, likely due to the lower concentration of
Commiphora myrrha. The MTT cytotoxicity assay was
inconclusive due to unoptimized experimental conditions, which
may have reduced cell viability and inconsistent results. Future
studies should focus on increasing the concentration of
Commiphora myrrha to enhance its antioxidant properties.
Additionally, optimizing the experimental conditions,
particularly for the MTT assay, is critical to evaluate the
cytotoxic  potential of the accurately.
Improvements such as ensuring proper cell culture conditions,
adjusting surfactant levels, and refining the concentration of
active components will enhance the reliability and efficacy of
future studies. Future research should also consider enhancing
cytotoxicity assessment techniques by increasing the number of
experimental replicates, exploring alternative cell lines, and
using complementary cytotoxicity assays to ensure consistent
and reproducible results. Moreover, increasing the concentration
of Commiphora myrrha, exploring the antibacterial properties,
and conducting in vivo testing could provide deeper insights into
the therapeutic potential of these nanoemulsions for oral health
and other therapeutic applications.

nanoemulsion

formulations
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