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Abstract

Curcumin is a hydrophobic compound
with excellent antibacterial and antioxidative
properties but it exhibits poor bioavailability
which limits its therapeutic value. Nano emul-
sion (NE) is a modern drug delivery system
that can accommodate the poor bioavailability
and solubility of hydrophobic curcumin. The ob-
jective of this study was to formulate curcum-
in-based polyherbal NE mouthwash (Cur-poly-
herbal NE) and evaluate the antioxidant and
cytotoxic properties. The NE formulations were
prepared using glyceryl monooleate (GMO),
Pluronic® F-127, virgin coconut oil (VCO) and
distilled water. Physiochemical characterisation
of Cur-polyherbal NE was performed based on
FTIR and dynamic light scattering analyses, and
their stability at different temperatures was also
determined. The antioxidant activity of formu-
lations was evaluated using DPPH scavenging
assay, and their in-vitro cytotoxicity was inves-
tigated on HEK293 cells. This study demon-
strates that the antioxidant activity of Cur-poly-
herbal NE formulation was superior compared
to corresponding non-NE formulation (p < 0.05).
In-vitro cytotoxicity performed on HEK293 cells
revealed better % cell viability in dose-depen-
dent manner. The promising antioxidant activity
and non-toxicity on HEK293 cells of Cur-poly-
herbal NE may suggest its potential use as saf-
er mouthwash alternative.

Keywords: Nano emulsion, curcumin, poly-
herbal, antioxidant, cytotoxicity

Introduction

Gingival and periodontal disease are
commonly affiliated with the chronic accumula-
tion of bacterial plaque due to poor oral hygiene
(1). The management of plaque-induced gingi-
vitis focused on regular and appropriate dental
hygiene practices including the use of chemical
mouthwashes such as chlorhexidine as useful
adjuncts for mechanical plaque control mea-
sures (2). However, prolonged use of chemical
antibacterial mouthwashes are associated with
several adverse events (3). As an alternative,
plant-derived mouthwash had received sub-
stantial importance due to the numerous thera-
peutic benefits of herbal extracts (4).

Curcumin is a natural polyphenolic
compound derived from the rhizomatous herba-
ceous perennial plant, Curcuma longa Linnaeus
(C. longa L.). Curcumin is widely recognised for
its wide range of therapeutic properties includ-
ing antioxidant, antimicrobial and anti-inflamma-
tory properties (5). The therapeutic properties of
curcumin are associated with its potent free rad-
ical scavenging activity that are linked to various
signalling pathways (6). Traditionally, curcumin
has been used as an herbal remedy to treat
various ailments such as inflammatory diseas-
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es, wounds, and ulcers (7). In modern practice,
several narratives had reported the utilisation of
curcumin for various diseases (8—10). Previous
studies demonstrated the topical application of
curcumin oral gel had significantly reduced in-
flammation in severe gingivitis and periodontal
infections (8,11). However, several reports had
addressed the limitations of native curcumin as
a therapeutic agent due to its low bioavailabili-
ty and poor solubility which greatly hindered its
therapeutic efficacy (12). Recently, the emer-
gence of nanotechnology received recognition
for its ability to solubilise lipophilic drug and ever
since, had drastically improved the efficacious
delivery and bioavailability of hydrophobic com-
pounds, such as curcumin (13).

Various nanoparticle-based drug deliv-
ery systems (DDS) had been pursued including
nanoliposomes, solid-lipid nanoparticle, and
nano emulsion to enhance the bioavailability of
curcumin (14). Amongst these, nano emulsion
had been extensively formulated for the en-
hancement of solubility and absorption of cur-
cumin (15). Nano emulsion (NE) is a lipid-based
colloidal system composed of dispersed oil and
aqueous phases stabilised by means of surfac-
tants (16). The organisation of NE system allows
the solubilisation of hydrophobic compound and
thus, providing better uptake of the compound
for therapeutic application (17). Several studies
had discussed the promising alternative of NE
system in restoring therapeutic properties of
curcumin by reducing rapid clearance and pro-
moting controlled-release to minimise toxicity
(13,15).

Improved understanding of the pleiotro-
pic effects of herbal plants resulted in the ap-
preciation of polyherbal formulation in achieving
greater therapeutic effects that may be unat-
tainable from individual plant (18). Herbal plants
generally have high antioxidant content attribut-
ed from their secondary metabolites, polyphe-
nols (19). The antimicrobial effect of antioxidants
has become considerably recognised as plants’
antimicrobial defence mechanism (20). White
tea (Camellia sinensis L.) is a renowned ther-

apeutic agent associated with its antioxidative,
antimicrobial, and anti-inflammatory properties.
The antioxidative properties of white tea are
attributed to the high content of catechins and
polyphenolic compounds (21). It was previously
reported that white tea contains the highest con-
centration of antioxidants compared to the other
tea variants (22). Previous studies had demon-
strated the bactericidal properties of white tea
against several oral pathogens associated with
its polyphenolic compounds (23).

Ginger (Zingiber officinale) is another
notable rhizomatous plant possessing a wide
range of therapeutic properties including anti-
oxidant, anti-inflammatory, and antimicrobial at-
tributed to several phenolic compounds such as
6-gingerol and shogaols (24). Several narratives
had reported the antibacterial activity of ginger
against several periodontal and plaque-induc-
ing bacteria strains related to phenolic com-
pounds in ginger that caused destruction of
bacterial membrane integrity (25,26). Therefore,
the objective of this study was to develop and
characterise oil-in-water (o/w) polyherbal nano
emulsion mouthwash composed of curcumin,
white tea, and ginger extracts, and assessed
the antioxidant and in-vitro cytotoxic properties.

Materials and methods
Chemicals

Curcumin and ginger powder extract were
Pi Chemicals Ltd. (Shanghai, China). Virgin co-
conut oil (VCO) was procured from local super-
market, Brunei. White tea (Camellia Sinensis L.)
extract with product code FSS10580 was pur-
chased from Formulator Sample Shop (FSS®,
Bareggio, ltaly). Glyceryl monooleate (GMO)
was purchased from Croda™ International (East
Yorkshire, UK). Pluronic® F-127 (P-F127) was
purchased from Sigma-Aldrich (St. Louis, MO,
USA).

The human embryonic kidney cells
(HEK293) cell line was purchased from Amer-
ican Type Culture Collection (ATCC, USA).
Dulbecco’s Modified Eagle’s Medium (DMEM)
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was purchased from Gibco™ (Thermo Fish-
er Scientific Inc., Waltham, US). 1% penicillin
with streptomycin, 10% (v/v) fetal bovine serum
(FBS), 3-((4,5-Dimethylthiazol-2-yl))-2,5-di-
phenyltetrazolium bromide (MTT), and 0.25%
trypsin-EDTA, were purchased from Sigma-Al-
drich (St. Louis, MO, USA). 6-hydroxy-2, 5, 7,
8-tetramethychroman-2 carboxylic acid (Trolox)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were
purchased from Sigma-Aldrich (St. Louis, MO,
USA).

Preparation of curcumin-based polyherbal
nano emulsion

Oil-in-water (o/w) curcumin-based poly-
herbal nano emulsion (Cur-polyherbal NEs) were
prepared by performing a two-step low-energy
Emulsion Inversion Point (EIP) method (27). Dif-
ferent concentrations of GMO (1%, 2% and 4%)
and P-F127 (1%, 2%, 4% and 8%) were used
as surfactants, respectively. As seen from the
composition of Cur-polyherbal NE formulations
on Table 1, the white tea liquid extract (WTE)
and filtered ginger liquid extract (GE) contents
of Cur-polyherbal NEs were kept at 5% and
20% and curcumin content was either 25 and
50 mg. The aqueous phase solution composed
of WTE (5%, w/w), filtered GE (20%, w/w), and
surfactant P-F127 was added dropwise to the
oil phase mixture composed of VCO, surfactant
GMO, and curcumin powder extract (Figure 2).
Finally, distilled water was gradually added to
mark up the total volume of mixture to 100 mL.
The mixture was mixed under continuous mag-
netic stirring at 400 rpm, 45 — 50°C for 30 min-
utes to create spontaneous o/w emulsion. The
formulation of o/w nano emulsion was achieved
by further stirring the emulsion at a higher shear
speed of 3000 rpm for another 30 minutes us-
ing a L5M-A Laboratory Mixer homogeniser
(Silverson® Ltd., Chesham, UK). Obtained nano
emulsion formulations were contained in sealed
bottles and stored inside a cabinet at room tem-
perature (25 + 2°C) throughout analysis period.

Physiochemical characterisation of curcum-
in-based polyherbal nano emulsion

Organoleptic properties

Formulations were evaluated for colour,
odour and density. A 100 mL pycnometer was
used to determine the density in g/mL of the for-
mulations. Whereas, the colour and odour of the
formulations were evaluated based on its inten-
sity(28)50cPs.

pH determination

AE150 pH meter (Fisher Scientific) was
used to determine the pH of Cur-Polyherbal
NEs. 5 mL of each formulation was diluted with
10 mL of tap water before measuring the pH at
room temperature (29).

Dynamic light scattering (DLS) measure-
ments

A Zetasizer Nano ZS (ZEN3600) analyser
(Malvern Instruments Ltd., Malvern, UK) was
used to measure the particle size, polydisper-
sity index (Pdl) and -potential measurements
of the o/w nano emulsions. Prior to the exper-
iment, 100 pL of each formulation was diluted
with 4 mL of distilled water and sonicated in
37°C water bath for 30 seconds to ensure ho-
mogenous scattering of particles. Analysis of
formulations was measured at scattering angle
of 173° and temperature of 25°C. All measure-
ments were performed in triplicate and results
are expressed as mean + SD (29,30).

Stability study

The stability of formulations was as-
sessed by evaluating the change in organolep-
tic properties, phase separation, pH, and densi-
ty at three different temperatures of 4 + 2°C, 25
+ 2°C, and 40°C % 2°C with 5% humidity. Mea-
surements were carried out on the day of stor-
age (day 0) and at predetermined time intervals
of 14 and 30 days. All formulations were kept in
sealed vials (31).
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FTIR analysis

Optimised Cur-polyherbal NE formula-
tions were scanned using a Fourier transform
infrared spectrometer (FTIR LabSolutions IR,
Shimadzu, Columbia, Maryland, USA) at wave-
length of 400 — 4000cm™" and resolution of 4 cm™!
(32,33)"ISSN”:"18469558”,"abstract”:"© 2017
Rajan Rajabalaya et al., published by De Gruy-
ter Open 2017. The purpose of the study was to
develop a transdermal tolterodine tartrate (TT.

Antioxidant activity of Cur-polyherbal NE
DPPH assay

In order to analyse the antioxidant activity
of Cur-polyherbal NE, DPPH scavenging activ-
ity assay was performed based on the capabil-
ity of the herbal extracts of the formulations in
scavenging the DPPH- free radical. A 0.1 mM
stock solution of 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) in methanol was prepared. All tested
sample including free curcumin and Cur-Poly-
herbal NE formulations (C1-NE and C3-NE)
were dissolved in methanol. The non-nanosized
formulations (C1-E and C3-E) were also pre-
pared to investigate the effect NE system on
the antioxidant capacity of the formulations. The
DPPH assay was performed in a 96-well micro-
plate.

The tested compounds containing DPPH
free radicals were incubated in the dark for 30
minutes at room temperature to allow free-radi-
cal scavenging activity to occur. The antioxidant
compounds present in the test formulations re-
duced DPPH free radicals (purple) to produce
1-Diphenyl-2-picryl hydrazine (yellow). After
30 minutes, the amount of DPPH free radicals
remaining was measured using a spectropho-
tometer microplate reader (EPOCH 2, BioTek
Instruments) at 517 nm. The DPPH assay was
performed triplicate for each tested compounds
and formulations at three independent experi-
ments.

The percentage of radical scavenging
activity was calculated according to Equation

(1):

% DPPH scavenging activity (%):((AsA- Ai) % 100% (1
C
Where, A_represented the absorbance
of sample and DPPH-MetOH solution, A, rep-
resented the absorbance of sample in meth-
anol, and A, represented the absorbance of
DPPH-MetOH solution.

The calculated percentage of DPPH
scavenging activity was plotted against sample
concentration and IC, values were determined
by nonlinear regression analysis.

A powerful antioxidant, Trolox, was used
as a reference positive control. A Trolox calibra-
tion curve was acquired by measuring the ab-
sorbance of 0.1mM DPPH methanolic solution
at 517 nm after addition with increasing concen-
tration of Trolox (0 — 30 mM). The absorbance
readings were obtained after the DPPH reduc-
tion reaction of Trolox at 30 minutes after Trolox
addition. Finally, the DPPH radical scavenging
capacity were expressed as Trolox equivalent
antioxidant capacity (TEAC) in ug/mL of tested
compounds (34).

Trolox Equivalent Antioxidant Capacity (TEAC)
values were calculated as:

TEAC = (IC50 of Trolox (pg/mL))
(IC50 of sample (pug/mL))

(2

In-vitro cytotoxicity study
HEK293 cell line

Human embryonic kidney (HEK293) cells
were grown in 25 cm? culture flasks with com-
plete culture medium containing Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco, Life
Technologies, USA) supplemented with 4mM
L-glutamine (Gibco, CA, USA), 10% (v/v) heat
inactivated fetal bovine serum (FBS), 100 IU/mL
of penicillin and 100 pym/mL streptomycin. The
cells were maintained under a controlled humid-
ified atmosphere of 5% CO, and 95% humidity
at 37°C. Cells were regularly sub-cultured using
0.25% Trypsin-EDTA when 80 — 90% cell con-
fluent was reached. Trypan-blue solution (Ther-
moFisher) and haemocytometer were used for
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cell counting (35)anti-oxidative, and anti-cancer
properties but has poor bioavailability. Liquid
crystals (LC.

HEK293 cell density optimisation for MTT
Assay

Cell density optimisation for MTT assay
was performed prior to MTT cytotoxic experi-
ments. Different ranges of cell seeding densi-
ty (1 x 104, 2 x 104, 3 x 104, and 4 x 10* cells/
well) were seeded in triplicates on 96-well plate.
Each cell density was suspended in complete
culture medium.

In-vitro cytotoxicity study of Cur-polyherbal
NE using MTT Assay

To evaluate the cytotoxicity of Cur-poly-
herbal NE formulations, in-vitro cytotoxicity us-
ing MTT assay was performed on HEK293 cells.
HEK293 cells were resuspended in 100 pL com-
plete culture medium, seeded in 96-well culture
plate at a density of 2 x 10* cells/well and incu-
bated overnight at 37°C, 5% CO, and 95% hu-
midity to allow cell attachment. Following over-
night incubation, culture medium was removed
and cells were treated with 100 pL of culture
medium containing different dilutions (1:1000,
1:100, and 1:10) of C1-NE, C3-NE, non-nano-
sized formulations (C1-E and C3-E) and empty
NE system without herbal extracts (Empty-C1
and -C3) for 24 hours. The HEK293 cells were
also treated with 1% of free herbal extracts (cur-
cumin, GE, and WTE) used in the formulation

of C1-NE and C3-NE. As negative control, cells
were treated with 1% distilled water. The viabili-
ty of cells was determined after 24-hour of incu-
bation. After 24-hour exposure, 30 yL of MTT (1
mg/mL in PBS) was added to respective wells
and incubated at 37°C for 2 hours until purple
formazan crystals were formed. The formazan
crystals were dissolved in 100 pL of isopropanol
and left overnight in the dark before reading the
absorbance at 570 nm using spectrophotometer
plate reader (EPOCH 2, BioTek Instruments).
The measured absorbance is identified as the
number of viable cells in respective well. The
cell viability was expressed as the percentage
of formazan absorbance at 570 nm (36).

Statistical analysis

All tests were performed in triplicates and
data are presented as mean + standard devia-
tion (SD). All statistical analyses were analysed
by one-way analysis of variance (one-ANOVA)
and multiple comparison by Tukey'’s test using
GraphPad Prism (version 8.4.3). A value of p <
0.05 was considered statistically significant.

Results and Discussion

Formulation & preparation of curcum-
in-based  polyherbal nano emulsion
(Cur-Polyherbal NE)

Six formulations were prepared in this
study by investigating the effect of different con-
centrations of surfactants (GMO and P-F127)

Table 1. The different formulations prepared with varying concentration of VCO, GMO and P-F127

Oil-phase Aqueous phase
Formulation c b.F127 Phase
code 9 ur 9 0 - separation
VCO (g) GMO (%) (mg) GE (%) WTE (%) (%) p
F1 1 25 20 5 1 No
F2 2 50 20 5 2 No
F3 10 1 25 20 5 1 Yes
F4 10 2 50 20 5 2 No
F5 5 2 25 20 5 4 Yes
F6 10 4 50 20 5 8 No
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and VCO on the stability of the nano emulsion
formulations. Amongst these, four formulations
(F1, F2, F4, and F6) were successfully produced
stabilised nano emulsion with no visible phase
separation after 24-hour post-production (Table
1). Therefore, these optimised formulations (C1-

NE - C4-NE) were chosen to be further tested
for subsequent physiochemical characterisation
and stability studies. The optimised formulations
with no phase separation are shown at Table 2,
and the visualisation for the optimised formula-
tions is shown on Figure 1.

Table 3. The organoleptic properties, pH values and density of the optimised Cur-polyherbal NE

Oil-phase Aqueous phase |
Formulation WTE P-F127  Distilled
code 0 o - istille
VCO (g) GMO (%) Cur (mg) GE (%) (%) (%) water (mL)

C1-NE 1 25 20 5 1 70
C2-NE 2 50 20 5 2 70
C3-NE 10 2 50 20 5 2 65
C4-NE 10 4 50 20 5 8 65

F5 5 2 25 20 5 4 Yes

F6 10 4 50 20 5 8 No

Abbreviations: VCO, virgin coconut oil; Cur, curcumin; GE, ginger extract; WTE; white tea extract;

GMO, glyceryl monooleate.

Figure 1. Physical appearance of the optimised oil-in-water curcumin-based polyherbal nano emul-
sion. From left to right: C1-NE, C2-NE, C3-NE, and C4-NE.

Physiochemical evaluation of optimised
Cur-Polyherbal NE

The organoleptic properties, pH, and
density of Cur-Polyherbal NE formulations were

evaluated. All of the Cur-Polyherbal NE formula-
tions were opaque with pale yellow colour. The
measured pH values, density, and odour of the
formulations are presented in Table 3.
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Table 3. The organoleptic properties, pH values and density of the optimised Cur-polyherbal NE

formulations.

Lo Formulation code
Characteristics
C1-NE C2-NE C3-NE C4-NE

Colour Yellow Yellow Yellow Yellow
Odour Qil-like Qil-like Qil-like Oil-like
(intensity) (+) (+) (++4) (+++4)

pH 5.43 5.40 5.62 6.05

Density (g/mL) 0.977 0.975 0.957 0.994

Note: '+’ mild; ‘+++ moderate; ‘“++++’ strong odour.

Stability study

The stability of Cur-Polyherbal NE formu-
lations was assessed based on the measured
pH values, density and physical appearance
after 30 days storage. At day 30, the Cur-Poly-
herbal NE formulations presented with acidic
pH values ranging from 4.44 — 6.15 (Table 4).
All formulations stored at 4 £ 2°C and 40 = 2°C
remained visually stable with no phase separa-
tion, although, an increase in density by 0.002
—0.012 g/mL was observed on most of the for-

mulations (Table 4). Furthermore, reduction in
the density of formulation C1-NE and C2-NE
was observed by 0.011 g/mL and 0.002 g/mL
from its initial density, respectively, when stored
at 40 + 2°C after 30 days. Overall, based on the
findings, all formulations presented with rela-
tively acceptable pH values ranging from 5.43
— 6.02 when stored at room temperature (25 +
2°C) after 30 days. On the other hand, it was
shown that formulation C3-NE had the lowest
pH values of 4.44 and 4.88 when stored at 4 +
2°C and 40 + 2°C, respectively (Table 4).

Table 4. The measured pH values of the Cur-Polyherbal NE formulations at three different storage

temperature.
i pH Density (g/mL)
For'::ézt'on Day . . 40°C + . . o 4 5o
4+2°C | 25+2°C 2°C 4+2°C 25+2°C 40°C £ 2°C
0 5.43 5.43 5.43 0.977 0.977 0.977
C1 14 5.35 5.97 4.98 0.977 0.965 0.970
30 5.61 5.43 4.96 0.978 0.965 0.959
0 5.40 5.40 5.40 0.975 0.975 0.975
C2 14 5.38 5.52 5.1 0.971 0.963 0.970
30 5.50 5.50 5.10 0.980 0.963 0.968
0 5.62 5.62 5.62 0.957 0.957 0.957
C3 14 4.78 5.60 4.59 0.966 0.956 0.971
30 4.88 5.79 4.44 0.968 0.962 0.973
0 6.05 6.05 6.05 0.994 0.994 0.994
C4 14 5.77 5.77 5.78 0.923 0.930 0.931
30 6.15 6.02 5.58 0.935 0.930 0.931
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Particle size, polydispersity index, and zeta
potential

The mean particle size, polydispersity
index (Pdl), and C-potential of all four formula-
tions were determined based on Dynamic Light
Scattering (DLS) measurements are presented
in Table 6. All Cur-polyherbal NEs presented with
narrow size distribution (Pdl <0.3) and negative
C-potential values ranging from -0.418 + 0.373
to-1.12 £ 0.695 (Table 5). It was shown that for-

mulation C3-NE presented the best NE charac-
teristic with relatively smaller mean particle size
of 179.8 £ 2.15 nm, PDI of 0.157 + 0.012, and
C-potential of -1.12 £ 0.695 mV. In the contrary,
formulation C1 presented with relatively larger
particle size of 268.3 £ 2.88 nm, PDI of 0.275 +
0.013, and low (-potential of -0.418 + 0.373 mV.
Therefore, due to the distinctive characteristics
of C1-NE and C3-NE, these formulations were
selected for further antioxidant and cytotoxic
studies.

Table 5. Mean particle size, polydispersity index (Pdl), and {-potential of Cur-polyherbal NEs.

Forr::cllaetion Mean particle size (nm) Pc;:lgg(iii;();rdslity Zeta ({)-potential (mV)
C1-NE 268.3 + 2.88 0.275+0.013 -0.418 £ 0.373
C2-NE 135.7+2.15 0.169 £ 0.016 -1.027 £ 0.120
C3-NE 179.8 £ 2.15 0.157 £ 0.012 -1.12+0.695
C4-NE 208.1 £ 1.71 0.292 + 0.004 -0.183 + 0.352

Data are presented as mean + SD (n = 3).

FTIR Analysis

The successful incorporation of curcumin,
WTE and GE in the Cur-polyherbal NE formu-
lations were analysed using FTIR analysis. The
FTIR spectra of formulation C1-NE, C3-NE and
individual components of the Cur-polyherbal
NE formulations were compared for changes in
spectra shifts in the formulations and are depict-
ed in Figure 2. The intense peak at 2926.00 cm™'
was revealed to be attributed from the asymmet-
rical methylene —CH, (aliphatic) group stretch-
ing, whereas, the alkyne —C=C group stretch-
ing resulted in the characteristic dual peaks at
2359.91and 2342.79 cm™ (37). Meanwhile, the
disulfide —C-S group stretching resulted in the
peak at 668.76 cm™'. Furthermore, these char-
acteristic peaks in FTIR spectra of formulation
C1-NE (2926.00, 2359.91, 2342.79 and 668.76
cm™) were also observed at VCO, GE, GMO,
WTE, and curcumin with slight minor shift. Con-
versely, the characteristic dual peaks observed

in formulation C3-NE at 2924.57 and 2854.70
cm™ corresponded to the asymmetrical and
symmetrical methylene —CH, (aliphatic) group
stretching, respectively (38)which are sensitive
to minute structural changes. The lack of speci-
ficity of this technique, on the one hand, permits
us to probe directly the vibrational properties of
almost all the cofactors, amino acid side chains,
and of water molecules. On the other hand, we
can use reaction-induced FTIR difference spec-
troscopy to select vibrations corresponding to
single chemical groups involved in a specific
reaction. Various strategies are used to identify
the IR signatures of each residue of interest in
the resulting reaction-induced FTIR difference
spectra. (Specific. Meanwhile, the correspond-
ing alkyl carbonate —C=0O and nitrate —C=N
stretching resulted in strong peak at 1743.91
and 1636.96 cm', respectively. Furthermore,
the characteristic peaks in formulation C3-NE
(2924.57, 2854.70, 1743.91 and 1636.96 cm™)
were also observed at VCO, GMO, P-F127.
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Figure 2. FTIR spectra of (a) C1-NE, (b) C3-
NE, (c) curcumin powder extract, (d) VCO, (e)
Ginger extract (GE), (f) Glyceryl monooleate
(GMO), (g) Pluronic®F-127, and (h) WTE.

Antioxidant activity of Cur-Polyherbal NE
DPPH assay

All tested samples presented with DPPH
scavenging activity in a dose-dependent man-
ner (Figure 3). At an equivalent curcumin con-
centration of 250 pg/mL, C1-NE and C3-NE
showed higher DPPH scavenging activity of
96.3 = 0.577% and 97.7 = 2.155%, respective-
ly, compared to free curcumin (89.7 £ 1.229%)
at the same concentration (Figure 5(a)), al-
though the differences was not significant.
When compared between NE and non-NE for-
mulations, the DPPH scavenging activities were
significantly reduced (p <0.05) in C1-E (78.6 £
5.154%) compared to C1-NE (96.3 + 0.577%) at
the same curcumin concentration of 250 ug/mL.
Conversely, the reduction in DPPH scaveng-
ing activities of C3-NE compared to C3-E was
not statistically significant (p >0.05). The DPPH
scavenging activities of the three herbal extracts
are presented on Table 7. It was revealed that
free curcumin and GE presented with excellent
antioxidant activities of more than 80%. The IC,
values of free curcumin, C1-NE, C3-NE, C1-E
and C3-E, from the DPPH scavenging assay,

were 3.70, 8.55, 7.74, 16.8, and 11.1ug/mL, re-
spectively (Table 8). The corresponding TEAC
values of free curcumin, C1-NE, C3-NE, C1-E
and C3-E, are presented in Table 8.

(a)
=1 C1-NE

B C3-NE
mm Curcumin

% DPPH scavenging activity

7.81 15.60 31.25 62.50 125.00 250.00
[curcumin] (pg/mL)

(b)

100
mm Ci1-E
= C3-E
= Curcumin

» @ o
T TF

% DPPH scavenging activity
N
o
1

o
1

7.81 15.60 31.25 62.50 125.00 250.00
[curcumin] (ug/mL)

Figure 3. The % DPPH scavenging activity of
(a) C1-NE, C3-NE, (b) C1-E, C3-E at different
equivalent curcumin concentrations (7.81 — 250
pg/mL).

Table 6. DPPH radical scavenging anti-
oxidant activity of against the highest concen-
tration of individual herbal extracts used in the
development of Cur-polyherbal NE formulations

Herbal Concentration | % DPPH scaveng-
extracts (Mg/mL) ing activity

WTE 50 27.0 £0.223

GE 200 85.4 £ 0.031
Curcumin 500 90.7 +1.15

Table 7. DPPH radical scavenging antioxidant
activity (IC,,) performed by DPPH assay.

IC,, (ng/mL)
Sample from DPPH TE‘I‘g (;Cso’
assay 50
C1-NE 8.55 0.375
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C3-NE 7.74 0.415
C1-E 16.8 0.191
C3-E 111 0.289

Curcumin 3.70 0.868

Trolox 3.21 1.000

In-vitro cytotoxicity study
Cell optimisation

Prior to cytotoxic study by MTT assay,
determination of the optimal cell density was
performed on four different cell seeding density
of HEK293 cells. The optimal cell density was
selected according to the ability of the cells to

(@)

1.60
1.40
1.20
1.00
0.80

0.60

Absorbance 517nm

0.40

0.200.
0.00 ®
0

10 20
Number of cells (104)

(b)
A. B .

reach 80 — 90% confluency after 48 hours on
the 96-well plate. This was taken into consid-
eration that HEK293 cells was treated with test
samples after overnight incubation and thus,
100% cell confluence should be avoided prior to
MTT assay. It was stated that the absorbance for
optimum number of cells for MTT assay should
be within the range of 0.75 — 1.25 (39). Out of
the four cell seeding densities, 2 x 10* and 3 x
10* cells/well had an appropriate absorbance of
1.07 and 1.16 (Figure 4 (a)). Whereas, 4 x 10*
cells/well displayed absorbance of 1.80, indicat-
ing 100% cell confluence (Figure 4 (b)). Taking
into account of the 80 — 90 % cell confluency, 2 x
10* cells/well were selected for the MTT assay.

30 40 50

c. D.

Figure 4 (a) The absorbance (517 nm) of different number of HEK293 cells after 48-hour incubation
for cell density optimisation. Figure 4 (b) HEK293 cells viewed under inverted microscope (10x)
after 48-hour incubation for cell density optimisation. Note: (A) 1 x 104 cells, (B) 2 x 10* cells, (C) 3

x 10* cells, (D) 4 x 10* cells.
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In-vitro cytotoxicity of Cur-Polyherbal NE
using MTT Assay

In order to determine whether the selected
NE formulations (C1-NE and C3-NE) were safe
and not toxic to normal cells, different dilutions
of the formulations were tested on HEK293 cells
and the effect on cell viability was determined
by MTT assay. MTT assay was performed on
the three herbal extracts used to prepare the NE
formulation (curcumin, WTE and GE). It was re-
vealed that free curcumin presented lowest cell
viability of 21.3 + 3.06% followed by WTE with
46.7 + 2.08%, respectively, after 24-hour incu-
bation (Figure 5). In comparison, GE expressed
negligible cytotoxicity with 107.3 = 4.73% cell
viability. Since these NE formulations were pre-
pared in distilled water, the effect of 1% distilled
water on cell viability was also tested, and a de-
crease in cell viability (84.7 £ 4.16%) was ob-
served (Figure 5).

When performed on the NE formula-
tions, the MTT assay revealed a dose-depen-
dent cytotoxicity of C1-NE and C3-NE (Figure
6). Evident cytotoxicity of C1-NE and C3-NE
were observed when cells were treated with
the formulations diluted at 1:10 which induced
a reduction of cell viability of 49.0 + 2.83 and
44.0 + 6.66%, respectively. On the other hand,
no evident cytotoxicity was observed for C1-
NE and C3-NE when diluted at 1:1000 with cell
viability above 80%. It was also demonstrated
that empty-C1, -C3 and non-nanosized formu-
lations presented a dose-dependent cytotoxicity
on HEK293 cells. When compared to NE formu-
lations (C1-NE and C3-NE), the corresponding
non-nanosized formulations (C1-E and C3-E)
demonstrated a relatively lower cell viability of
36.3 + 5.34 and 43.6 + 4.04 % when diluted at
1:10, respectively (Figure 6 (a) and (b)). Con-
versely, empty-C1 and -C3 did not present with
substantial cytotoxicity when diluted at 1:1000
with cell viability above 80%.

150

100

% cell viability

Figure 5. The cytotoxic effects of individual
herbal components (GE, WTE and curcumin)
on HEK293 cells after 24-hour treatment by
MTT assay. Error bars represent standard devi-
ation of triplicate, where n=1.

(a)
150
2
£ 1004
; N Empty-C1
: - = Cl-E
" ) == C1-NE
0-
1:1000 1:100 190
Dilution
(b)
2
g . 7 i\i § o Empty-C3
§ ® g § Z § C3-E
= é § é § % %% N C3-NE
T T

1:100 1:10
Dilution

Figure 6. The cytotoxic effect at different dilu-
tions of (a) C1-NE, and (b) C3-NE on HEK293
cells after 24-hour treatment by MTT assay. Er-
ror bars indicate the standard deviation of tripli-
cates, where n=1.
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Formulation and preparation of Cur-poly-
herbal NE

Curcumin was able to completely dissolve
within oil phase composed of VCO and surfac-
tant GMO. VCO was selected due to its excellent
ability to dissolve curcumin attributed to the sat-
urated medium-chain fatty acids (MCFA) con-
tents of VCO that promotes maximum curcumin
loading into the NE system (40,41). This is in
agreement with previous study whereby VCO
demonstrated as a superior plant-based carrier
oil for development of NE system for hydropho-
bic polyphenols such as curcumin (42). Another
important consideration during the formulation
of NE was to select components that are phar-
maceutically acceptable. In this study, non-ionic
surfactants (GMO and P-F127) were chosen as
they are less toxic compared to the convention-
al ionic surfactants (43). Previous studies had
also described the use of GMO and P-F127 in
the development of NE (44), (45). Surfactant is
required to create a stabilised interfacial tension
present between oil and aqueous phase of NE
by ensuring two immiscible phases are suffi-
ciently adsorbed and thereby, providing homog-
enous NE system (46). Furthermore, it has been
reported that the oil-aqueous interfacial tension
can be further reduced with increasing surfac-
tant-to-cosurfactant content (47). In this study,
the NE system was prepared at varying GMO
to P-FF127 ratio contents. Results showed that
higher GMO to P-FF127 ratio in combination
with higher VCO content exhibited mechanically
stable NE system. This is consistent with previ-
ous study that reported the incorporation of cos-
urfactant promoted better interpenetration be-
tween surfactants, thereby producing compact
interfacial tension that are resistant to particle
flocculation (48).

Physiochemical characterisation of

Cur-polyherbal NE
Organoleptic properties, pH and density
In this study, the pH values of the opti-

mised formulations were found to be on a slight-
ly acidic pH between 5.40 — 6.04, on average.
It has been recommended that the acceptable
pH value for mouthwashes should be more than
5.5 to prevent enamel erosion in acidic environ-
ment (pH < 5.5) (49). Several factors including
chemical reactions and acidic ester contents of
VCO might cause the formulations to be slightly
acidic (50).

Particle size, Pdl and zeta potential

The particle size of the Cur-polyherbal NE
formulation served a critical role in providing en-
hanced curcumin bioavailability (16). The small
particle size of NE systems provide greater sur-
face area that enables better drug permeabili-
ty (51). It was described that the conventional
particle size for nano emulsion ranges between
10 — 200 nm in diameter (52). In this study,
C1-NE and C4-NE presented with mean parti-
cle sizes of more than 200 nm. It was expect-
ed that increasing the VCO content with limit-
ed concentration of surfactants to compensate
for the excessive oil droplet may contribute to
the increment of particle size (53). On the other
hand, all optimised formulations presented with
Pdl values less than 0.30 indicating a mono-
disperse distribution of the particles in the NE
system and better stability (54)or lipidic carri-
ers, are being extensively employed to enhance
the bioavailability of poorly-soluble drugs. They
have the ability to incorporate both lipophilic
and hydrophilic molecules and protecting them
against degradation in vitro and in vivo. There
is a number of physical attributes of lipid-based
nanocarriers that determine their safety, stabil-
ity, efficacy, as well as their in vitro and in vivo
behaviour. These include average particle size/
diameter and the polydispersity index (PDI.

The value of zeta potential provides an in-
dication of the physical stability of an NE system
and its resistance to particle flocculation based
on electrostatic repulsion between the particles
(55). It has been reported that an electrostati-
cally stabilised NE system should present with
zeta potential values around = 30mV (56). In
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this study, only formulation C2-NE and C3-NE
presented with a more negative zeta potential
values of -1.027 + 0.120 mV and -1.12 + 0.695
mV, relatively, which inherently suggest higher
tendency to agglomerate, eventually. The neg-
ative zeta potential of the formulations may be
due to the dispersion of the anionic fatty acids
and glycerol present on GMO and VCO (57). It
has been described that the physical stability of
NE system is not exclusive to zeta potential val-
ues but also on the concentration of surfactant
used during the formulation (45). The addition of
sufficient surfactant contents may have provid-
ed a rigid oil-aqueous interfacial tension which
may be sufficient to prevent destabilisation of
the NE system.

Stability study

It has been reported that pH alterations
due to chemical interactions greatly impact the
stability and quality of NE systems due to the
electrostatic repulsive interaction that disturb
the interfacial tension (58)a major obstacle
that remains to be overcome is the capacity of
the active molecules in C. asiatica to cross the
blood-brain barrier (BBB. Several authors had
discussed the influence of pH alteration due
to internal chemical reactions which eventual-
ly compromise the quality of emulsions. (59). It
was also reported that NEs produced using veg-
etable oil, in this case was VCO, may observe
a reduction in pH attributed to the hydrolysis of
fatty acid esters (60).

FTIR analysis

The FTIR spectra of Cur-polyherbal NE
formulations in comparison to their individual
components showed no absence in any func-
tional peaks in any of the spectra. Furthermore,
no significant peak shifts or new functional group
stretching were observed in the Cur-polyherbal
NE formulations (C1-NE and C3-NE). Howev-
er, some minor shifts in wavelength peaks were
observed which may suggest that some interac-
tions occurred between the components of the
Cur-polyherbal NE formulations resulting in the
broadening of the peaks.

Antioxidant activity

In this study, the selected NE formulations (C1-
NE and C3-NE) were investigated for their anti-
oxidant activity using DPPH assay based on the
capability of curcumin to scavenge DPPH free
radicals when loaded inside the NE system. The
increased in DPPH scavenging activity of the
NE formulations may be attributed from the well-
known antioxidant properties of the polyherbal
extracts (WTE, GE and curcumin) present in the
NE system which might work synergistically to
produce excellent antioxidant activity (61). This
observation was expected as both curcumin
and GE are renowned for their potent antioxida-
tive properties (62). The increase in antioxidant
activity of renowned antioxidant compounds
after nanoencapsulation has been reported by
some authors (63,64). It has been reported from
a previous study that curcumin and resveratrol
extracts displayed significant improvement in
their antioxidant profile when associated into
lipid-nanoencapsulation (65,66). The authors
suggested that this was influenced by the ki-
netic release of antioxidants from the oil core.
In-vitro cytotoxicity of Cur-Polyherbal NE using
MTT Assay

Cytotoxicity of Cur-Polyherbal NE

In this study, it should be noted that the
absolute concentration of the NEs were unable
to be deduced as additional assay needs to be
performed (67). Thus, in order to assess the cy-
totoxicity of the formulations, several dilutions
of stock NE formulations were made in order to
prepare different concentrations of C1-NE and
C3-NE, accordingly. However, it was known that
C1-NE and C3-NE stock solutions carried cur-
cumin concentration of 250 pg/mL and 500 pg/
mL, respectively. Thus, the cytotoxicity of C1-
NE and C3-NE towards HEK293 cells were de-
scribed by taking into account the concentration
of curcumin (ug/mL) present at different dilution
factors.

In this study, cytotoxicity of C1-NE and
C3-NE were in a dose-dependent manner
whereby reduction in percentage of cell viability
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was observed with increasing concentration of
the NE formulations. It can be deduced that C1-
NE and C3-NE were evidently cytotoxic towards
HEK293 cells when treated with both formula-
tions at a lower dilution of 1:10, whereby, C1-NE
and C3-NE had equivalent curcumin concentra-
tions of 25 pyg/mL and 50 pg/mL, respectively.
This observation is in agreement with previous
study that reported higher toxicity of curcum-
in-loaded NE (< 40% cell viability) at 40 uM on
HaCaT cell line (68). Furthermore, the differ-
ences in particle sizes between C1-NE (268.3 £
2.88 nm) and C3-NE (179.8 £ 2.15 nm) may in-
fluence the different cytotoxicity observed in this
case. It has been reported that NE system with
smaller particle size had an increased ability to
efficiently deliver loaded drug, in this case was
curcumin, across cellular compartments leading
more exposure of the drug leading to cytotoxici-
ty especially at a higher dose (69). On the other
hand, both empty-C1 and -C3, which comprised
of VCO, GMO and P-F127, did not exhibit any
inherent cytotoxicity at 1:100 dilution which are
in agreement with previous studies that regard-
ed GMO and P-F127 as cytocompatible (70,71).

This study also demonstrated that both
C1-NE and C3-NE generally showed higher
cell viability when compared with free curcum-
in. Zheng et al. (72)which was then investigat-
ed against human embryonic kidney cells (HEK
293 reported that free curcumin exhibited 50%
cytotoxicity at 10 pg/mL compared to curcumin
nanoparticle (CNP) with less than 40% cytotox-
icity at same concentration after 24 h incubation
on HEK293 cells. Several narratives suggested
that the reduction in cytotoxicity was account-
ed from the controlled and sustained release
of curcumin when loaded inside NE system
(68,73). This suggests that the incorporation of
nanotechnology potentially promotes greater
bioavailability of curcumin with less toxicity.

One of the limitations of this cytotoxicity
study by MTT assay was the lack of indepen-
dent experimental repeats and statistical anal-
ysis was unable to be performed due to the na-
ture of the replicates. Thus, this study cannot

conclude whether the cytotoxicity observed in
dose-dependent manner between C1-NE and
C3-NE was altogether significant. Furthermore,
the unknown concentration of NE present on the
formulations limits the understanding of the tox-
icity of formulations associated with NE system.
Thus, additional assay should be performed in
future studies to determine the concentration of
NE present on the formulations. However, as
this was only a preliminary study, results ob-
tained from this cytotoxicity study can provide
as guidelines for future studies to be performed
using a lower concentration of curcumin loaded
on NE system and assess its safety profile.

Conclusion

The selected Cur-polyherbal NE formula-
tion (C1-NE and C3-NE) presented with mean
particle sizes within 100 to 300 nm, low polydis-
persity index (Pdl) (< 0.3), and acceptable stabil-
ity when stored at room temperature. This study
had shown that the NE formulation (C1-NE and
C3-NE) had retained the renowned antioxidant
properties of curcumin, WTE and GE, with
DPPH scavenging activities over 90%. More-
over, when investigated with the corresponding
non-nanosized formulation (C1-E and C3-E), a
significant reduction in DPPH scavenging activ-
ities were observed (p < 0.05) which suggests
the importance of nanotechnology in providing
better therapeutic effects of the formulation.
Whereas, cytotoxicity study of the formulations
on HEK293 cells using MTT assay exhibited
dose-dependent toxicity. This preliminary study
serves as a baseline for further exploration of
polyherbal NE formulations as mouthwash al-
ternative. Studies such as antimicrobial study
on plaque-inducing pathogens should be eval-
uated in the future to investigate the efficacy of
the Cur-polyherbal NE mouthwash to control
gingival and periodontal diseases.

Acknowledgements

The authors would like to acknowledge
Universiti Brunei Darussalam, Brunei Darus-
salam for the funding (UBD/RSCH/1.6/FICB-
F(b)/2021/013).

Formulation of curcumin-based polyherbal nanoemulsion mouthwash and assessment of its antioxidant and in-vitro
cytotoxic properties



Current Trends in Biotechnology and Pharmacy
Vol. 18(3) 1822-1840, July 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2024.3.30

Competing interests

The authors declare that they have no

competing interests.

References

1.

Murakami S, Mealey BL, Mariotti A, Chap-
ple ILC. Dental plaque-induced gingival
conditions. Journal of periodontology.
2018 Jun;89 Suppl 1:517-27.

James P, Worthington H V., Parnell C,
Harding M, Lamont T, Cheung A, et al.
Chlorhexidine mouthrinse as an adjunc-
tive treatment for gingival health. The Co-
chrane database of systematic reviews.
2017 Mar;3(3).

McCoy LC, Wehler CJ, Rich SE, Garcia
RI, Miller DR, Jones JA. Adverse events
associated with chlorhexidine use: re-
sults from the Department of Veterans
Affairs Dental Diabetes Study. Journal of
the American Dental Association (1939).
2008;139(2):178-83.

Al-Maweri SA, Alhajj MN, Deshisha EA,
Alshafei AK, Ahmed Al, Aimudayfi NO, et
al. Curcumin mouthwashes versus chlor-
hexidine in controlling plaque and gingivi-
tis: A systematic review and meta-analy-
sis. International journal of dental hygiene.
2022 Feb;20(1):53-61.

Menon VP, Sudheer AR. Antioxidant and
anti-inflammatory properties of curcumin.
Advances in Experimental Medicine and
Biology. 2007;595(September 2001):105—
25.

Tyagi AK, Prasad S, Yuan W, Li S, Ag-
garwal BB. Identification of a novel com-
pound (B-sesquiphellandrene) from tur-
meric (Curcuma longa) with anticancer
potential: comparison with curcumin. In-
vestigational New Drugs 2015 33:6. 2015
Nov;33(6):1175-86.

Hatcher H, Planalp R, Cho J, Torti FM,
Torti S V. Curcumin: From ancient medi-

Yusof et al

10.

11.

12.

13.

14.

15.

1836

cine to current clinical trials. Cellular and
molecular life sciences: CMLS. 2008
Jun;65(11):1631.

Farjana HN, Chandrasekaran SC, Gita
B. Effect of oral curcuma gel in gingivitis
management - a pilot study. Journal of clin-
ical and diagnostic research : JCDR. 2014
Dec;8(12):2C08-2C10.

Chaturvedi TP. Uses of turmeric in den-
tistry: an update. Indian journal of den-
tal research : official publication of Indi-
an Society for Dental Research. 2009
Jan;20(1):107-9.

Hosadurga RR, Rao S, Jose J, Rompich-
arla NC, Shakil M, Shashidhara R. Evalu-
ation of the efficacy of 2% curcumin gel in
the treatment of experimental periodontitis.
Pharmacognosy Research. 2014;6(4):326.

Muglikar S, Patil KC, Shivswami S, Hegde
R. Efficacy of curcumin in the treatment of
chronic gingivitis: a pilot study. Oral health
& preventive dentistry. 2013;11(1):81-6.

Hassanzadeh K, Buccarello L, Dragotto J,
Mohammadi A, Corbo M, Feligioni M. Ob-
stacles against the Marketing of Curcumin
as a Drug. International Journal of Molecu-
lar Sciences. 2020 Sep;21(18):1-35.

Gera M, Sharma N, Ghosh M, Huynh DL,
Lee SJ, Min T, et al. Nanoformulations of
curcumin: An emerging paradigm for im-
proved remedial application. Oncotarget.
2017;8(39):66680-98.

Hettiarachchi SS, Dunuweera SP,
Dunuweera AN, Rajapakse RMG. Synthe-
sis of Curcumin Nanoparticles from Raw
Turmeric Rhizome. ACS Omega. 2021
Mar;6(12):8246-52.

Azami SJ, Teimouri A, Keshavarz H, Amani
A, Esmaeili F, Hasanpour H, et al. Curcum-
in nano emulsion as a novel chemical for
the treatment of acute and chronic toxo-
plasmosis in mice. International journal of



Current Trends in Biotechnology and Pharmacy
Vol. 18(3) 1822-1840, July 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2024.3.30

16.

17.

18.

19.

20.

21.

22.

23.

24.

nanomedicine. 2018;13:7363—74.

Jaiswal M, Dudhe R, Sharma PK. Nano
emulsion: an advanced mode of drug
delivery system. 3 Biotech. 2015 Apr
8;5(2):123-7.

Wang S, Su R, Nie S, Sun M, Zhang J, Wu
D, et al. Application of nanotechnology in
improving bioavailability and bioactivity of
diet-derived phytochemicals. The Journal
of nutritional biochemistry. 2014;25(4):363.

Karole S, Shrivastava S, Thomas S, Soni
B, Khan S, Dubey J, et al. Polyherbal
Formulation Concept for Synergic Action:
A Review. Journal of Drug Delivery and
Therapeutics. 2019 Feb;9(1-s):453—-66.

Hano C, Tungmunnithum D. Plant Poly-
phenols, More than Just Simple Natural
Antioxidants: Oxidative Stress, Aging and
Age-Related Diseases. Medicines. 2020
May;7(5):26.

Ali S, Naqvi R, Nadeem S, Komal S, Na-
qvi A, Samee Mubarik M, et al. Antioxi-
dants: Natural Antibiotics. Antioxidants.
2019;(1):23-34.

Espinosa C, Lépez-Jiménez JA, Cabre-
ra L, Larqué E, Aimajano MP, Arnao MB,
et al. Protective effect of white tea extract
against acute oxidative injury caused
by adriamycin in different tissues. Food
Chemistry. 2012 Oct;134(4):1780-5.

Pan J, Jiang Y, Lv Y, Li M, Zhang S, Liu J,
et al. Comparison of the main compounds
in Fuding white tea infusions from various
tea types. Food Science and Biotechnolo-
gy. 2018 Oct;27(5):1311.

Tafazoli A, PhD, Moghadam ET, DDS. Ca-
mellia Sinensis Mouthwashes in Oral Care:
a Systematic Review. Journal of Dentistry.
2020;21(4):249.

Alsahli MA, Almatroodi SA, Almatroudi A,
Khan AA, Anwar S, Almutary AG, et al.
6-Gingerol, a Major Ingredient of Ginger

25.

26.

27.

28.

29.

30.

31.

1837

Attenuates Diethylnitrosamine-Induced
Liver Injury in Rats through the Modula-
tion of Oxidative Stress and Anti-Inflam-
matory Activity. Mediators of Inflammation.
2021;2021.

Park M, Bae J, Lee DS. Antibacterial activ-
ity of (10)-gingerol and (12)-gingerol isolat-
ed from ginger rhizome against periodon-
tal bacteria. Phytotherapy research : PTR.
2008 Nov;22(11):1446-9.

S H, M D, AU K. Inhibitory effect of zingiber
officinale towards Streptococcus mutans
virulence and caries development: in vi-
tro and in vivo studies. BMC microbiology.
2015 Dec;15(1).

Liu Q, Huang H, Chen H, Lin J, Wang Q.
Food-Grade Nano emulsions: Preparation,
Stability and Application in Encapsulation
of Bioactive Compounds. Molecules. 2019
Nov;24(23).

Ghosal K, Rajabalaya R, Chakraborty S,
Nanda A. Formulation and characteriza-
tion of both hydrophilic and hydrophobic
HPMC based hydrogels containing di-
clofenac potassium. Latin American Jour-
nal of Pharmacy. 2010;29(7).

David SR, Refai SA, Yian KR, Mai CW,
Das SK, Rajabalaya R. Development and
evaluation of liquid crystal systems of
combination of 5-fluorouracil and curcum-
in for cervical cancer cell line. Journal of
Pharmacy and Pharmacognosy Research.
2019;7(6):441-53.

David SR, Matzidi FNNH, Shanmugam R,
Thangavelu L, Balaraman AK, Rajabalaya
R. Evaluation of the Chemo-Preventive Ef-
fects of Camellia sinensis Silver Nanopar-
ticles and Synergistic Effects with 5-fluoro-
uracil in Colorectal Cancer Induced Rats.
Current Trends in Biotechnology and Phar-
macy. 2022;16(2):114-29.

Muhammad Nuh Musa, Sheba Rani David,
Ihsan Nazurah Zulkipli, Abdul Hanif Ma-

Formulation of curcumin-based polyherbal nanoemulsion mouthwash and assessment of its antioxidant and in-vitro

cytotoxic properties



Current Trends in Biotechnology and Pharmacy
Vol. 18(3) 1822-1840, July 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2024.3.30

32.

33.

34.

35.

36.

37.

38.

39.

hadi, Srikumar Chakravarthi RR. Develop-
ment and evaluation of exemestane-loaded
lyotropic liquid crystalline gel formulations.
Biolmpacts. 2017;7(4):227-39.

Rajan Rajabalaya, Chung Yee Mun, Jes-
tin Chellian, Srikumar Chakravarthi SRD.
Transdermal delivery of tolterodine tartrate
for overactive bladder treatment: In vitro
and in vivo evaluation. Acta Pharmaceuti-
ca. 2017;67(3):325-39.

Sheba R David, Nurafigah Malek, Ab-
dul Hanif Mahadi, Srikumar Chakravarthi
RR. Development of controlled release
silicone adhesive-based mupirocin patch
demonstrates antibacterial activity on live
rat skin against staphylococcus aureus.
Drug Design, Development and Therapy.
2018;12:481-94.

Xiao F, Xu T, Lu B, Liu R. Guidelines for
antioxidant assays for food components.
Food Frontiers. 2020 Mar;1(1):60-9.

R David S, Akmar Binti Anwar N, Yian
KR, Mai C-W, Das SK, Rajabalaya R. De-
velopment and Evaluation of Curcumin
Liquid Crystal Systems for Cervical Can-
cer. Scientia Pharmaceutica. 2020 Mar
23;88(1):15.

Idris A, Zulkipli IN, Zulhilmi NR, Lee HF, Ra-
jabalaya R, Lim YC, et al. Melastoma mal-
abathricum Ethyl Acetate Fraction Induces
Secondary Necrosis in Human Breast and
Lung Cancer Cell Lines. Pharmacognosy
Magazine. 2017;13:5688-92.

Coates J. Interpretation of Infrared Spec-
tra, A Practical Approach. Encyclopedia of
Analytical Chemistry. 2006;1.

Berthomieu C, Hienerwadel R. Fouri-
er transform infrared (FTIR) spectros-
copy. Photosynthesis Research. 2009
Sep;101(2-3):157-70.

Sheba R David, Khairunnasibah Abdullah,
Rajeshkumar Shanmugam, Lakshmi Than-

Yusof et al

40.

41.

42.

43.

44.

45.

46.

1838

gavelu, Sanjoy Kumar Das RR. Green Syn-
thesis, Characterization and In Vivo Eval-
uation of White Tea Silver Nanoparticles
with 5-Fluorouracil on Colorectal Cancer.
BioNanoScience. 2021;11(4):1095-107.

Tabanelli R, Brogi S, Calderone V. Improv-
ing Curcumin Bioavailability: Current Strat-
egies and Future Perspectives. Pharma-
ceutics. 2021 Oct;13(10):1715.

Kharat M, McClements DJ. Recent ad-
vances in colloidal delivery systems for
nutraceuticals: A case study - Delivery by
Design of curcumin. Journal of colloid and
interface science. 2019 Dec;557:506—18.

Zhou H, Zheng B, McClements DJ. Encap-
sulation of lipophilic polyphenols in plant-
based nano emulsions: impact of carrier oil
on lipid digestion and curcumin, resvera-
trol and quercetin bioaccessibility. Food &
function. 2021 Apr;12(8):3420-32.

Azeem A, Rizwan M, Ahmad FJ, Igbal Z,
Khar RK, Aqil M, et al. Nano emulsion
Components Screening and Selection:
a Technical Note. AAPS PharmSciTech.
2009;10(1):69.

Bharmoria P, Bisht M, Gomes MC, Martins
M, Neves MC, Mano JF, et al. Protein-ol-
ive oil-in-water nano emulsions as encap-
sulation materials for curcumin acting as
anticancer agent towards MDA-MB-231
cells. Scientific Reports 2021 11:1. 2021
Apr;11(1):1-12.

Rachmawati H, Budiputra DK, Mauludin R.
Curcumin nano emulsion for transdermal
application: Formulation and evaluation.
Drug Development and Industrial Pharma-
cy. 2015;41(4):560-6.

Sobhani H, Tarighi P, Ostad SN, Shafaati A,
Nafissi-Varcheh N, Aboofazeli R. Formula-
tion Development and Toxicity Assessment
of Triacetin Mediated Nano emulsions as
Novel Delivery Systems for Rapamycin.
Iranian Journal of Pharmaceutical Re-



Current Trends in Biotechnology and Pharmacy
Vol. 18(3) 1822-1840, July 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2024.3.30

47.

48.

49.

50.

51.

52.

53.

search : IJPR. 2015;14(Suppl):3.

Shafig-un-Nabi S, Shakeel F, Talegaonkar
S, Ali J, Baboota S, Ahuja A, et al. Formu-
lation development and optimization using
nano emulsion technique: a technical note.
AAPS PharmSciTech. 2007 Apr;8(2).

Borrin TR, Georges EL, Moraes ICF, Pin-
ho SC. Curcumin-loaded nano emulsions
produced by the emulsion inversion point
(EIP) method: An evaluation of process
parameters and physico-chemical sta-
bility. Journal of Food Engineering. 2016
Jan;169:1-9.

Cavalcanti AL, Ramos |A, Leite RB, Oli-
veira M da C, Menezes K de M, Fernan-
des LV, et al. Endogenous pH, Titratable
Acidity and Total Soluble Solid Content of
Mouthwashes Available in the Brazilian
Market. European Journal of Dentistry.
2010 Apr;4(2):156.

Rajabalaya R, Musa MN, Kifli N, David
SR. Oral and transdermal drug delivery
systems: role of lipid-based lyotropic liquid
crystals. Drug design, development and
therapy. 2017;11:393—-406.

Su R, Fan W, Yu Q, Dong X, Qi J, Zhu
Q, et al. Size-dependent penetration of
nano emulsions into epidermis and hair
follicles: implications for transdermal de-
livery and immunization. Oncotarget.
2017;8(24):38214.

Demisli S, Mitsou E, Pletsa V, Xenakis
A, Papadimitriou V. Development and
Study of Nano emulsions and Nano emul-
sion-Based Hydrogels for the Encapsula-
tion of Lipophilic Compounds. Nanomate-
rials. 2020 Dec;10(12):1-19.

Pengon S, Chinatangkul N, Limmatvapirat
C, Limmatvapirat S. The effect of surfac-
tant on the physical properties of coconut
oil nano emulsions. Asian Journal of Phar-
maceutical Sciences. 2018 Sep;13(5):409.

54.

55.

56.

57.

58.

59.

60.

1839

Danaei M, Dehghankhold M, Ataei S,
Hasanzadeh Davarani F, Javanmard R,
Dokhani A, et al. Impact of Particle Size
and Polydispersity Index on the Clinical
Applications of Lipidic Nanocarrier Sys-
tems. Pharmaceutics. 2018 May;10(2).

Tamilvanan S. Formulation of multifunc-
tional oil-in-water nanosized emulsions
for active and passive targeting of drugs
to otherwise inaccessible internal organs
of the human body. International journal of
pharmaceutics. 2009 Oct;381(1):62—76.

Laxmi M, Bhardwaj A, Mehta S, Mehta A.
Development and characterization of nano
emulsion as carrier for the enhancement
of bioavailability of artemether. Atrtificial
Cells, Nanomedicine and Biotechnology.
2015;43(5):334—-44.

Noor NM, Khan AA, Hasham R, Talib A,
Sarmidi MR, Aziz R, et al. Empty nano and
micro-structured lipid carriers of virgin co-
conut oil for skin moisturisation. IET Nano-
biotechnology. 2016 Aug;10(4):195.

Jusril NA, Bakar SIA, Khalil KA, Saad
WMM, Wen NK, Adenan MI. Develop-
ment and Optimization of Nano emulsion
from Ethanolic Extract of Centella asiatica
(NanoSECA) Using D-Optimal Mixture De-
sign to Improve Blood-Brain Barrier Per-
meability. Lim V, editor. Evidence-based
Complementary and Alternative Medicine :
eCAM. 2022 Mar;2022:1-18.

Ostbring K, Matos M, Marefati A, Ahlstrém
C, Gutiérrez G. The effect of ph and
storage temperature on the stability of
emulsions stabilized by rapeseed proteins.
Foods. 2021 Jul;10(7).

David SR, Abdullah K, Shanmugam R,
Thangavelu L, Das SK, Rajabalaya R.
Green Synthesis, Characterization and
In Vivo Evaluation of White Tea Silver
Nanoparticles with  5-Fluorouracil on
Colorectal Cancer. BioNanoScience.

Formulation of curcumin-based polyherbal nanoemulsion mouthwash and assessment of its antioxidant and in-vitro

cytotoxic properties



Current Trends in Biotechnology and Pharmacy
Vol. 18(3) 1822-1840, July 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2024.3.30

61.

62.

63.

64.

65.

66.

67.

2021;11(4):1095-107.

Mashhadi NS, Ghiasvand R, Askari G,
Hariri M, Darvishi L, Mofid MR. Anti-Oxida-
tive and Anti-Inflammatory Effects of Gin-
ger in Health and Physical Activity: Review
of Current Evidence. International Jour-
nal of Preventive Medicine. 2013;4(Suppl
1):S36.

Sokmen M, Akram Khan M. The antiox-
idant activity of some curcuminoids and
chalcones. Inflammopharmacology. 2016
Jun;24(2-3):81.

Ha TVA, Kim S, Choi Y, Kwak HS, Lee SJ,
Wen J, et al. Antioxidant activity and bioac-
cessibility of size-different nano emulsions
for lycopene-enriched tomato extract.
Food chemistry. 2015 Jul;178:115-21.

Zorzi GK, Caregnato F, Moreira JCF, Tei-
xeira HF, Carvalho ELS. Antioxidant Effect
of Nano emulsions Containing Extract of
Achyrocline satureioides (Lam) D.C.-As-
teraceae. AAPS PharmSciTech. 2016
Aug;17(4):844-50.

Coradini K, Lima FO, Oliveira CM, Cha-
ves PS, Athayde ML, Carvalho LM, et al.
Co-encapsulation of resveratrol and cur-
cumin in lipid-core nanocapsules improves
their in vitro antioxidant effects. European
Journal of Pharmaceutics and Biopharma-
ceutics. 2014 Sep;88(1):178-85.

Spigno G, Donsi F, Amendola D, Sessa M,
Ferrari G, De Faveri DM. Nanoencapsula-
tion systems to improve solubility and an-
tioxidant efficiency of a grape marc extract
into hazelnut paste. Journal of Food Engi-
neering. 2013 Jan;114(2):207-14.

Ivanov A, Min‘kov K, Samoilenko A, Levin
G. The Measurement of Nanoparticle Con-

Yusof et al

68.

69.

70.

71.

72.

73.

1840

centrations by the Method of Microcavity
Mode Broadening Rate. Sensors (Basel,
Switzerland). 2020 Oct;20(20):1-15.

De Matos RPA, Calmon MF, Amantino CF,
Villa LL, Primo FL, Tedesco AC, et al. Ef-
fect of Curcumin-Nano emulsion Associat-
ed with Photodynamic Therapy in Cervical
Carcinoma Cell Lines. BioMed research
international. 2018;2018.

Oliveira WN, Alencar EN, Rocha HAO,
Amaral-Machado L, Egito EST. Nanostruc-
tured systems increase the in vitro cytotox-
ic effect of bullfrog oil in human melanoma
cells (A2058). Biomedicine & Pharmaco-
therapy. 2022 Jan;145:112438.

Menon JU, Kona S, Wadajkar AS, Desai F,
Vadla A, Nguyen KT. Effects of surfactants
on the properties of PLGA nanoparticles.
Journal of biomedical materials research
Part A. 2012;100(8):1998-2005.

Valente F, Bysell H, Simoni E, Boge L,
Eriksson M, Martini A, et al. Evaluation of
toxicity of glycerol monooleate nanoparti-
cles on PC12 cell line. International journal
of pharmaceutics. 2018 Mar;539(1-2):23—
30.

Zheng Y, Chen Y, Jin LW, Ye HY, Liu G.
Cytotoxicity and Genotoxicity in Human
Embryonic Kidney Cells Exposed to Sur-
face Modify Chitosan Nanoparticles Load-
ed with Curcumin. AAPS PharmSciTech.
2016 Dec;17(6):1347-52.

Abruzzo A, Zuccheri G, Belluti F, Provenza-
no S, Verardi L, Bigucci F, et al. Chitosan
nanoparticles for lipophilic anticancer drug
delivery: Development, characterization
and in vitro studies on HT29 cancer cells.
Colloids and surfaces B, Biointerfaces.
2016 Sep;145:362-72.





