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Abstract Carica papaya leaf has a potentially well-known therapeutic effect in accelerating human
blood platelet counts against dengue fever and dengue haemorrhagic fever. However, consuming
the extract was considered troublesome due to its bitter taste. The fresh papaya leaves were
extracted into two types of preparation: a) Fresh Papaya Leaves Extract (FPL) and b) Papaya
Leaves with Saponin Reduction Extract (PLSR). This was followed by the determination of the best
edible O/W emulsion formulation of both different extracts with virgin coconut oil (VCO) and whey
protein (WP) as surfactant. Through Ternary Phase Diagram (TPD), the optimum ratio (w/w) of
FPL/PLSR: VCO: WP were 63: 16: 21 and 65: 16: 19 respectively. Both formulas were examined
for their physicochemical properties including pH, creaming index (CI), contact angle and droplet
size measurement. The human bronchial epithelium cell (BEAS-2B) was treated using both emul-
sions for 72 hrs of cell growth response (ECsg). The result shows that both FPL and PLSR formu-
lations were slightly acidic and exhibited stable emulsion with no creaming formation (CI) up to 24
hrs of storage (25 C). Next, FPL emulsion shows 3 times higher wettability and 4 times bigger
nanoparticle size than PLSR. These properties can affect the emulsion absorptivity in the targeted
cell microenvironment. Remarkably, the BEAS-2B cell viability (%) for each emulsion was rela-
tively elevated within 24 hrs and increased to more than 100 % at 48 and 72 hrs of exposure. This
might hugely represent its potential in repairing damaged blood vessels due to dengue haemorrhagic
fever. Besides, the ECs, value also indicated low levels of concentration needed to exponentially
increase cell growth and safe for dengue fever treatment. For that reason, the recommended effec-
tive dosage by the Ministry of Health (Malaysia) (MOH) for both FPL and PLSR emulsions is two
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tablespoons twice a day for three consecutive days of treatment (equally to the effective dosage of

102 g extract).

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In Malaysia, the spread of the dengue virus has been widely reported,
with 80,014 cases of dengue with 142 deaths in 2017 (Ministry of
Health, Malaysia, 2015). The spread of the virus carried by the Aedes
aegypti mosquito is rapidly spreading as if urging more studies to be
carried out to overcome it (Subenthiran et al., 2013). However, to date,
no vaccine nor any specific therapy has been prescribed to prevent the
spread of this dengue virus (Bhatt et al., 2013). Hence, Carica papaya
leaf or known as papaya leaf is one of the most suitable candidates
and popular medicinal herbs used in traditional and modern medicine
to treat dengue fever. Typically, mature papaya leaves are readily
grown in the fourth month of their growth with mature leaves lasting
for three to six months under tropical weather conditions (Saeed
et al., 2014). In addition, the papaya leaf extract is rich in phytonutri-
ents (mainly polyphenolic compounds) and important trace minerals
such as high carbohydrate, calcium, magnesium, sodium, potassium
and manganese (Ali et al., 2011). Worth noting is that papaya leaves
extract exhibits larval and pupinid characteristics to fight against
chikungunya caused by Aedes aegypti (Subenthiran et al., 2013;
Subramaniam et al., 2012).

Pharmacological studies have discovered that the leaves display
numerous biological properties (therapeutic agents) such as antioxi-
dant, anti-inflammatory, antiviral, antitumor and antibacterial activi-
ties (Khor et al., 2021). The leaves contain numerous bioactive
constituents that mainly contribute to the defence against oxidative
stress such as manghaslin, clitorin, rutin, nicotiflorin, papain, chy-
mopapain, cystatin, a-tocopherol, c-coumaric acid and caffeic acid
(Subenthiran et al., 2013; Khor et al., 2021). In addition, the efficacy
of those bioactive components has shown an incrementing number
of white blood cells within 24 hrs after the papaya leaf extract (contain-
ing three standardized main markers: manghaslin, clitorin and rutin)
was ingested by the 11l-intervention group patients who were diag-
nosed with dengue fever (Subenthiran et al., 2013). In fact, it was effec-
tive in increasing the platelet count of dengue fever patients during the
intake period of three consecutive days. Not to mention, the efficiency
of papaya leaves extract in treating dengue patients was also supported
by various extensive studies (Yunita et al., 2012; Siddique et al., 2014).

However, the presence of bitter taste in papaya leaves is often a major
challenge for consumers to take it as an additional supplement. The pres-
ence of saponins contributes to the bitterness of papaya leaves (Aldin,
2006). Saponins are classified based on their chemical structure into
three main groups, namely, triterpenoids (e.g., aescin), spirostanol,
and furostanol saponins. However, there are other classifications based
on the structure of the saponin genin (aglycone), namely, triterpenes gly-
cosides, steroid glycosides, and steroid alkaloid glycosides (Vincken
etal., 2007). The adsorption process is a process of separation of a mate-
rial removed from a single phase through its method of accumulation on
the surface of the adsorbent (Gokmen & Serpen, 2002). The ion conver-
sion process can occur under two conditions, namely, through the sepa-
ration of all types of ionic charges (positive or negative charge) of the
mixture or the separation of molecular types that carry the same charge
(Nielsen & Prather, 2009). The adsorption method of the low-cost ion
exchange resin Diaion® WA30 can successfully reduce the bitter sapo-
nin component of papaya leaves without affecting human health (Syed
Amranetal., 2018; Guetal., 2014). Itis a type of ion exchange resin that
is porous but has a high resistance to osmotic pressure.

The mixing of these two insoluble liquids makes the emulsion ther-
modynamically unstable because the emulsion is a metastable disper-
sion that requires shear forces from the outside to break up large

liquid droplets into small droplets in the emulsification process
(Khor et al., 2014). Tertiary Phase Diagram (TPD) method is widely
used in emulsion production technology, which involves the presence
of emulsifiers, for example, in the manufacture of ice cream and cos-
metic products. It is one of the methods adopted in obtaining the best
formulation and stability of a mixture of several chemical compounds
thermodynamically (Siti Salwa & Siti Zulaika, 2015). Toxicity testing is
the basis for the extent to which a substance or product is safe to con-
sume in the body. It explains the mechanism of toxin response that
may occur in body cells while giving a good picture of the pathogen
activity for some diseases. BEAS-2B cells are normal epithelial cells
of the human lung obtained from autopsies of non-cancerous individ-
uals (Nguyen et al., 2016). Bronchial epithelial cells are isolated from
the epithelial lining of the airways above the bifurcation of the lungs.
They are considered part of the lower respiratory tract that includes
the larynx, lungs, bronchioles and trachea. This fibroblast type cell
mimics the formation and growth of blood vessel connective tissue
via endothelial cells signal. For that reason, the innovative approach
of this study was to modulate the potential of papaya leaves with sapo-
nin reduction extract (PLSR) nanoemulsion that reduces bitterness
before consumption and without the saponin reduction of fresh
papaya leaves extract (FPL) nanoemulsion in repairing damaged blood
vessels due to dengue haemorrhagic fever through the usage of normal
fibroblast phenotype. Hence, the objective of this study was to deter-
mine the optimum emulsion formulations for both PLSR and FPL
through a ternary phase diagram with regards to its effective concen-
tration (ECsp) that could potentially enhance cell responses/growth
against normal fibroblast human lung epithelial BEAS-2B cells.

2. Materials and methods
2.1. Materials

2.1.1. Carica papaya leaves

The papaya (Carica papaya L. cv. Eksotika) leaves samples
were taken from a papaya orchard located in Bukit Chang-
gang, Dengkil, Selangor. Only a mature green papaya leaf with
no insect damage and insecticide-free was used to ensure con-
sistency of the emulsion preparation and healthier cell culture
response.

2.1.2. Chemicals

The chemicals used in this study are as follows: Premium virgin
coconut oil (VCO) brand of Bio-Asli from Desaku Maju Mar-
keting; Filtered Prime Whey Isolate from Lush Protein Armor
ASIA, Singapore; Diaion® WA30 ion exchange resin (Sigma-
Aldrich™, Germany) and BEAS-2B of the human bronchial
epithelial cell line was taken from Advanced Medical and Den-
tistry Institute (AMDI), Universiti Sains Malaysia (USM). In
addition, xanthan gum (Sigma-Aldrich™, Malaysia; Cata-
logue No.: G1253); deionized water (DIW); methylene blue
(Sigma-Aldrich™, Malaysia; Catalogue No.: 03978);
PrestoBlue™ MTS (ThermoFisher Scientific, InvitrogenTM;
Catalogue No.: A13261); Dulbecco’s Modified Eagle’s Med-
ium (DMEM) (Sigma-Aldrich™, Malaysia; Catalogue No.:
D8437); Trypsin-EDTA solution (Sigma-Aldrich™, Malaysia;


http://creativecommons.org/licenses/by-nc-nd/4.0/

The biological response of Carica papaya leaves extract

Catalogue No.: T4049); Phosphate Buffer Saline (PBS)
(Sigma-Aldrich™, Malaysia; Catalogue No.: P5493); 1 %
(v/v) streptomycin (Sigma-Aldrich™, Malaysia; Catalogue
No.: $6501); 100 pg/mL penicillin (Sigma-Aldrich™, Malay-
sia; Catalogue No.: P3032) and Trypan Blue Solution, 0.4 %
(Gibco®, ThermoFisher Scientific; Catalogue No.: 15250061)
were used for TPD emulsion preparation, physicochemical
and cytotoxicity analysis.

2.2. Papaya leaves extraction

2.2.1. Fresh papaya leaves extract (FPL)

The fresh papaya leaves were extracted according to the Min-
istry of Health (2015), Nguyen et al. (2016) and Halim et al.
(2011) recommendations. Freshly cut papaya leaves were
soaked in water for 30 mins, rinsed, air-dried (30 mins) and
crushed using mortar. It was then centrifuged using a Gyrozen
centrifuge model GZ-406 (BioAstrum Corporation, Maryland,
USA) for 5 mins at RCF: 1,006 x g (10 cm of rotor radius).
The upper supernatant was collected and stored at —18 °C
for further use.

2.3. Papaya leaves with saponin reduction extract (PLSR)

Prior to the extraction process, the fresh papaya leaves were
freeze-dried for 48 hrs using a Labconco FreeZone 2.5 Liter
(-50 °C) benchtop freeze dryer. It was then ground into a fine
powder using an MX-895 M blender prior to the water extrac-
tion method (slight modification through response surface
optimization) at 80 ‘C with a solvent-to-solid ratio of 20: 1
(mL/g) for 25 mins (Vuong et al., 2015). Then, the PLSR
extract was prepared using an ion-exchange resin method
(Syed Amran et al., 2018). The extract was shaken for 5 hrs
at room temperature with the immersion of 10 % (w/v)
WA30 resin. The final extracts were finally filtered via filter
paper and kept at —18 ‘C.

2.4. Detection of saponin compound ( Aescin) using high-
performance liquid chromatography (HPLC)

The detection and quantification of saponin compound before
and after treatment of WA30 Low-lonized Ion Exchange
Resin extract were performed using the Reverse Phase (RP)-
HPLC (Waters™) method for comparison of fresh extract
samples (without weak ion exchange resin treatment). The
detection was carried out based on Sharifah Nurjannah et al.
(2018), Ahn & Kim (2005) and Ahmed & Wang (2015)
methods with slight modifications. The specifications and
conditions of saponin detection in the extracts using
high-performance liquid chromatography are as follows: a)
Column: Chromolith performance RP-18e; b) detector: UV-
vis; ¢) wavelength 210 nm; operational temperature:
23 £ 1°C; d) mobile phase (pump A): Deionized water + 0.1 %
(v/v) acetic acid; e) mobile phase (pump B): Methanol (HPLC
grade); f) flow rate 1.0 mL/min; g) elution mode: Binary gradi-
ent and h) injection volume: 20 pL. The analytical standard of
aescin was used as a comparison between the treated extract of
WA30 ion converter and fresh papaya leaf extract without
resin treatment through the external standard method.

2.5. Constructing ternary phase diagram (TPD)

2.5.1. Designing a pseudo-ternary phase diagram

Construction of TPD was performed based on the combined
protocols of David & Mary (2019), Wahgiman et al. (2020)
and Fadzillah et al. (2020). The first batch of TPD was made
with a combination of virgin coconut oil (VCO) and whey pro-
tein (WP) in the range of 0: 100 to 100: 0 (VCO: WP (w/w)) is
shown in Table 1. These mixtures were then vortexed using
Velp Scientifica Vortex Mixture, F202A0173 ZX Classic
(Usmate Velate (MB), Italy) for 10 mins for the homogeniza-
tion process. The theoretical weight is the amount of weight
that should be applied to the formulation. Whereas the actual
weight is the total weight of the emulsion compound success-
fully added by approaching the theoretical weight value.
Meanwhile, the ‘c’ value was used for the next additional step
of deionized water into each test tube. The amount of deion-
ized water to be added (g) into each of these test tubes is cal-
culated using Equation (1) below:

a

d= x 100 (1)

a+c

Where,

a = Total weight of deionized water to be added (g).

d = Deionized water added for each round (%, w/w).

¢ = Actual weight of VCO (Ce) (g) + actual weight of WP
(Ch) (g).

The deionized water was added drop by drop into the test
tube for each round until it reaches the total weight of water.
Then, each test tube was vortexed for 5 mins and centrifuged
for 20 mins at RCF: 1,006 x g (10 cm of rotor radius). The
layer formation was monitored and only homogeneous emul-
sions were accounted for in the next step. Each edible O/W
emulsion formulation that has successfully formed a homoge-
neous phase was recorded into CHEMIX School 3.51 (Bergen,
Norway) software to generate a pseudo-TPD profile to get an
initial depiction of the emulsion behaviour in the formulation
mixture.

2.5.2. Ternary phase diagram generation

The above-mentioned steps in Section 2.5.1 were repeated by
substituting the deionized water (DIW) component with the
FPL and PSLR extracts following to the previous emulsion
mixture ratios that have reached a homogeneous phase. The
emulsion ratio was obtained from the previous pseudo-TPD
data distribution as a working baseline (working template).

2.5.3. Extensive examination of the ternary phase diagram

Further tests were carried out by dropping 10 drops of
homogenous TPD formulation with surfactants containing
30 % (w/w) or less at random. A total of 20 g of the selected
emulsion was added for each formulation and homogenized
using vortex for 15 mins, followed by a homogenizer (T10
Basic Ultra-Turrax homogenizer) for 10 mins at RCEF:
1,006 x g (10 cm of rotor radius). After 30 mins of storage,
the emulsion stability results were observed, and the best
FPL and PLSR extract emulsion formulation were added with
0.2 % (w/w) xanthan gum to increase their stability and shelf-
life.
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Table 1 Total weight composition of VCO and isolated WP using TPD method.

Test tube Ratio (w/w, %) Theoretical weight (g) Actual weight (g) C=0C.+ Cr(g
VCO WP VCO WP VCO (Ce) WP (Cf)

1 100 0 0.5000 0.0000 Ce, Cf, C,
2 90 10 0.4500 0.0500 Ce, Cf, G,
3 80 20 0.4000 0.1000 Ces Cf3 C;
4 70 30 0.3500 0.1500 Cey Cfy Cy
5 60 40 0.3000 0.2000 Ces Cfs Cs
6 50 50 0.2500 0.2500 Ces Cfs Ce
7 40 60 0.2000 0.3000 Ce; Cf; (o7
8 30 70 0.1500 0.3500 Ces Cfy Cs
9 20 80 0.1000 0.4000 Ceyg Cfy Co
10 10 90 0.0500 0.4500 Ceyo Cfyo Cio

2.6. Physicochemical analysis

Once the best FPL and PLSR extract emulsion formulation
was developed and identified through the TPD system, the
physicochemical properties and storage stability (creaming
index) characteristics were carried out prior to cell toxicity
studies.

2.6.1. pH analysis

The pH value of the emulsion was determined at 25 °C using a
pH meter, PHM 210 analytical radiometer (MeterLab®:
LabX, Midland, ON, Canada). The pH meter was calibrated
at pH values of 7.01, 4.01, and 10.1 buffer before reading.
The reading was taken in triplicate (n = 3).

2.6.2. Creaming index

The creaming index was determined based on the method used
by Tangsuphoom & Coupland (2008). Approximately 10 g of
the emulsion sample were added into a universal bottle and
sealed tightly. It was stored at 25 °C for 24 hrs. The overall
height of the emulsion and the height of the bottom layer of
droplets formed were calculated based on Equation (2) in trip-
licate (n = 3):
HL
Cl= TR 100 (2)
HL: The height of the droplet layer formed at the bottom.
HE: Total height of emulsion.

2.6.3. Contact angle

The contact angle was measured using a Rame-hart model
goniometer (Model 190, USA). Approximately 100 pL of the
emulsion was sessile dropped onto a borosilicate glass slide
and analysed using a height-width method to measure its
angle. The reading was measured in quintuplicate (n = 5) in
several different places for consistency.

2.6.4. Particle size measurements

Emulsion particle size was measured based on the method used
by Wahgiman et al. (2020) with slight modification using a
light scattering laser device (Malvern Zetasizer Ver. 6.00) at
25 °C. and a dynamic light scattering technology. The emul-
sion extract was first filtered by a 0.45 pm membrane filter.
Then, 0.75 mL of the emulsion was inserted into a zeta-sizer

device. The intensity distribution was used for mean average
(z-average) particle size measurement. The measurement was
repeated in triplicate (n = 3).

2.7. Determination of cell toxicity

Prior to the toxicity analysis, three types of samples which
were fresh papaya leaf extract (FPL: positive control) emul-
sion, papaya leaves saponin reduction extract (PLSR) emul-
sion and whey protein solution (positive control) was filtered
using a sterile 0.22 um polyvinylidene fluoride (PVDF) filter
(Merck Millipore, Germany). The samples were then diluted
into five concentrations series of 10, 50, 100, 500, and
1000 ppm or equivalent to logconcentrationy Of 1.00, 1.699,
2.00, 2.699 and 3.00 ppm respectively with a complete
serum-free growth media of Dulbecco’s Modified Eagle’s
Media (DMEM) (Sigma-Aldrich™, Malaysia; Catalogue
No.: D8437) with the inclusive of 1 % (v/v) streptomycin
and 100 pg/mL penicillin. The human lung epithelial cells
(BEAS-2B) were used to observe the effect of both emulsions
on the normal cell response as either inducing cell proliferation
or broad cell death (necrosis). The BEAS-2B cell growth was
performed by injecting 1 x 10* cells into the 96-wells of the
microplate along with a complete growth media. Then, the
plate was placed in an incubator for 24 hrs at a temperature
of 37 °C, and 5 % CO,.

2.7.1. Cell viability using diphenyltetrazolium bromide (MTT)
assay

For the cell toxicity analysis, about 100 pL of the emulsion
was added and swirled evenly onto the entire space of
BEAS-2B cells. The microplates were then incubated for 24
hrs at 37 °C and 5 % CO,. Approximately 100 uL. of DMEM
growth media was set as negative control and a mixture of
cells and growth media without extract was set as the posi-
tive control. The cell viability (%) was carried out based
on the method used by Nguyen et al. (2016). Approximately
10 pL of PrestoBlue™ solution was added to the microplates
that had been treated with emulsion solution and incubated
for 24 h at 37 °C and 5 % CO,. The absorbance for emulsion
solubility was measured at 570 nm every 24 hrs using the
FluoStar Absorbance Microplate Reader (BMG Labtech,
Germany) in triplicate (# = 3) and measured using
Equation (3) below. The data was then used to calculate
ECs, values.
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Cell viability (%) = abs. — abss (3)

The cell morphology was then observed using a BD-S2
Inverted Biological Microscope (Boshida® optical instrument,
Shenzhen, China) to analyse any changes throughout 72 hrs of
treatment. Methylene blue was used to stain adherent cells,
cultured in 96 well plates to distinguish any dead cells prior
to cell morphology analysis.

2.7.2. ECsgy value measurement

ECs is an effective concentration of a chemical compound
that is tested on cell culture. The ECs, value of both emulsions
and WP was determined based on the cell viability (%) absor-
bance readings taken at 24, 48, and 72 hrs. This value is deter-
mined based on the calculation of the equations obtained from
the cell viability (%) versus concentration (log; pg/mL), where
the y-value of y = 50 % cell viability.

2.8. Statistical analysis

Ternary Phase Diagram (TPD) System was generated using
CHEMIX School 3.51: Ternary System Diagram software ver-
sion 7.0 (Arne Standness, Bergen, Norway). The Minitab®
software version 17.0 (Minitab® Inc., Sydney, Australia) was
used to determine the significant difference between all samples
(p < 0.05) (average + standard deviation) through z-test
(physicochemical analysis), ANOVA (cell viability kinetic pro-
files) and Fisher test to determine the significant difference
between all formulated samples.

3. Results and discussion

3.1. Detection of saponin compound ( Aescin) using high-
performance liquid chromatography (HPLC)

The detection of saponin compound in papaya leaf extract
using HPLC was a confirmatory test to determine the adsorp-
tion efficacy of WA30 weak ion resin treatment. Chro-
matogram profiles of aescin analytical standard were
compared with fresh papaya extract (without resin treatment)
and resin-treated extract via the external standard method.
Based on the prior work, the standard tea extract containing
saponin showed two visible peaks at 19 and 21 mins of its
retention point (Ahmed & Wang 2015). In the present work
(slight modifications), the presence of saponin (aescin) in fresh
papaya extract was confirmed to peak at 25.91 = 1.03 mins
(Fig. 1(b)) which was almost the same as standard aescin
(Fig. 1(a)). While Fig. 1(c) shows the absence of saponin peak
after the treatment with WA30 ion exchange resin. The initial
selection of a good resin material of reducing the extract’s bit-
ter taste was primarily introduced using Amberlite RA-67 resin
(Noraziani et al., 2016). However, the treatment has resulted in
a significant decrease in antioxidant activity (p < 0.05) because
a lot of polyphenolic compounds containing (e.g., three stan-
dardized main markers: kaempferol (manghaslin) and querce-
tin (clitorin and rutin)) (Norahmad et al., 2019) in the extract
might have been adsorbed throughout the Amberlite RA-67
resin treatment. Therefore, an extensive comparative study of
numerous ion exchange resins was carried out between the
Amberlite IRA-67, Diaion WA30 and Diaion WA21J with

regards to its adsorbability. The highest and lowest saponin
adsorption efficiency was recorded for Diaion WA30 and
Amberlite IRA-67 ion exchange resin with 97.50 + 0.25 %
(w/w) and 75.71 £+ 0.16 % (w/w) respectively (Abidin et al.,
2016). Hence, the absence of saponin peak in the present work
indeed corresponds to the prior work that produces a satisfac-
tory resin adsorbability of more than 95 %.

3.2. Pseudo-ternary phase diagram profiles

The pseudo-ternary phase diagram shows that the formation
of the isotropic liquid region depends on the hydrophilicity
and lipophilicity of the surfactant. Fig. 2 shows the best
pseudo-ternary diagram with a shaded grey area that repre-
sents a homogenous region for the emulsion mixture of virgin
coconut oil (VCO), surfactant (WP) and deionized water
(DIW). It was observed that the combination of WP and
VCO gives a wide ratio of solution strength. Besides, the active
ingredient contained in WP successfully coats the oil molecule
and produces an effective dispersion. The addition of DIW
also helps the distribution of surfactant molecules to form a
homogeneous solution through external physical shear support
such as vortex or sonication. The homogeneous phase distribu-
tion is most noticeable in the middle of the diagram that rep-
resents a uniform formulation ratio between surfactant, oil and
deionized water. The emulsion phase change was observed as it
approaches the corner for each emulsion component. Cur-
rently, the formulation ratio tends to increase in some compo-
nents only and this area, most formulations begin to produce a
thin white layer on the top of the emulsion after 30 mins of
storage. Meanwhile, a stable emulsion was selected based on
the formulation’s visual observation of its homogeneous
phase. The selected homogeneous area distribution was used
as a guideline for the ultimate TPD emulsion profiles by
replacing the DIW with FPL and PLSR extract.

3.2.1. Fresh papaya leaves extract (FPL) emulsion formulation

In this study, the formulation of a mixed VCO, WP and
papaya leaf extract was produced based on the ternary phase
diagram (TPD) method. The FPL formulation serves as a con-
trol formulation (positive) and this formulation is considered
the standard extract preparation based on the Ministry of
Health (MOH), Malaysia guidelines. Table 2 shows ten emul-
sion formulation points which were randomly selected from
the TPD homogenized region. Fig. 3 shows the TPD profiles
generated from the mixture of FPL emulsion formulations.
The grey region shows an emulsion formulation reaching a
homogeneous phase after being homogenized and stored for
30 mins. The homogenized emulsion formation was found to
be concentrated in the range of 30 % to 90 % (w/w) of the
extract concentrations. The VCO and WP concentration was
set to be <40 % (w/w) and 30 % (w/w) respectively to produce
emulsions with moderate viscosity (Sanjeewani & Sakeena,
2013). The emulsions that produce several phases of emulsion
were excluded from this observation. Based on those ten for-
mulations tested, formulation #4 (Fig. 3: H point) showed
the best emulsion stability characteristics as compared to the
other formulations. At this formulation ratio of 21: 16: 63 %
(w/w) (VCO: WP: FPL), it has produced a well-blended and
homogenized emulsion that did not produce any immiscible
layers after more than 30 mins of storage.
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HPLC Chromatogram at 210 nm UV detector of (a) Analytical standard aescin (red circle) at 100 mg/mL concentration; (b) fresh

papaya leaves extract without free ion exchange resin treatment and visible aescin detection; (c) fresh papaya leaves extract through 10 %
(w/v) Diaion® WA30 ion exchange resin treatment with undetected aescin (blue cycle).

3.2.2. Papaya leaves with saponin reduction extract (PLSR)
emulsion formulation

At the beginning of the phase formation, the WP was limited
to 30 % (w/w) and below. However, the emulsion formulations
were randomly assigned to a few points of the increment (WP)
to see a full spectrum of formulation behaviour. It was
observed that this formulation mixture produces better and
broader emulsion stability. Initially, the VCO maximum
amount was used (100 %, w/w) with only 60 % (w/w) of
WP without the presence of PLSR extract. Next, the highest
PSLR extract was used (90 %, w/w) with 9 % (w/w) of WP
without the presence of VCO. Finally, the highest WP was uti-
lized (90 %, w/w) with 10 % (w/w) of VCO without the pres-
ence of PLSR extract. Ultimately, the construction of the TPD
profiles was completed with the generation of a homogenized
grey region (stabilized emulsion after 30 mins of storage) that
covered almost the entire diagram (Fig. 4). Further analysis
was carried out from the homogenized grey region to obtain
the best formulation. Table 3 shows ten randomly selected
emulsion formulation points and the WP was set below

30 % (w/w) to produce emulsions with moderate viscosity
(Sanjeewani & Sakeena 2013). The surfactant (WP) is limited
to <30 % (w/w) based on the production cost assessment (eco-
nomic feasibility study) and health risks factor. High surfac-
tant content (e.g., WP) in any edible food-based formulation
can irritate the gastrointestinal tract and serious health issues
if taken in a high dosage (Ahmad et al., 2013). Hence, it was
observed that formulation #10 (Fig. 4: G point) with a ratio
of 19: 16: 65 % (w/w) (VCO: WP: PLSR) shows the best sta-
bilized and well-blended emulsion without any immiscible
layer’s formation for more than 30 mins of storage. It was then
added with 0.2 % (w/w) xanthan gum to increase its long-term
stability and shelf-life.

Furthermore, based on both FPL and FPSR emulsion for-
mulation profiles, the stability of a protein mixture emulsion
depends heavily on the interaction between the protein layers
absorbed by the oil molecules. The main thermodynamic
absorption force is when the removal of excess hydrophobic
molecules occurs by replacing them with water molecules in
the aqueous phase (Andrews et al., 2005; Asenjo & Andrew,
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Fig. 2 Pseudo-ternary phase diagram of oil and surfactant mixtures with addition of deionized water (DIW) with a wide range of
homogenized mixture formation (grey area). The inset picture shows the visual formation of a randomly selected homogenized mixture

after 30 mins of storage.

Table 2 Randomly selected emulsion formulation of FPL homogeneous phase (grey region) with VCO and WP concentration was set

to be <40% (w/w) and 30% (w/w) respectively.

Formulation VCO (g) WP (g) FPL (g) VCO: WP: PLSR (%, w/w)
1 3.50 2.00 4.50 27: 15: 58
2 3.50 3.00 3.50 25: 15: 60
3 2.50 3.00 4.50 23: 16: 61
4 2.40 2.70 4.90 21: 16: 63
5 2.00 2.00 6.00 20: 18: 62
6 2.00 2.50 5.50 19: 24: 57
7 1.50 3.00 5.50 17: 24: 59
8 1.50 2.50 6.00 15: 25: 60
9 1.00 3.00 6.00 13: 27: 60
10 1.00 2.50 6.50 9: 30: 61

2011; Loi et al., 2019). During the homogenization process, the
molecular droplets are disturbed due to strong shear forces
and form a new surface around the molecules. Currently,
WP is required in large amounts to cover the surface of the
molecules (McClements, 2004). Realistically, as the usage of
WP is <10 % (w/w), the emulsion system shows the formation
of heterogeneous emulsion formulations. At this point, the
presence of WP is quite insufficient to cover the entire surface

of the droplet, but in fact, the droplet is likely to clump and
produce larger-sized droplets. Nevertheless, as the WP
increased to 15 % (w/w) and above, the emulsion began to
show a thinner separation layer, until it reaches a desired
homogeneous phase. The presence of WP at this point has suc-
cessfully covered almost all droplets on the new surface and
stabilized the oil droplets in the emulsion system (Qian et al.,
2011).
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oo

WP

Fig. 3 Ternary phase diagram for fresh papaya leaf (FPL) of ten emulsion formulation points which was randomly selected from the
homogenized region of TPD (grey region). Formulation #4 (H point) was selected prior to physicochemical and cell response analysis.

In the presence of high emulsifier content (%, w/w), WP
can form several layers covering the emulsion droplets. The
formation of several layers can alter the interface rheology of
emulsion droplets due to the formation of a stable interface
layer that is resistant to the occurrence of re-agglomeration
(McClements, 2004). Besides, there is an improvement in dro-
plet molecular composition and the reduction of collision
interactions between droplets occurring due to the mobiliza-
tion of each emulsion droplet in the new emulsion system,
causing the emulsion concentration to increase in the continu-
ous phase (Tesch & Schubert, 2002).

3.3. Physicochemical properties and stability of the emulsion

Based on the TPD profiles, the two best emulsion formulations
have been successfully developed and selected prior to the
BEAS-2B human bronchial epithelial cell bioassay. For the
FPL emulsions, the best selected formulation was at #4
(Table 2) with a ratio of 21: 16: 63 % (w/w) (VCO: WP:

FPL). Whereas, for the PLSR emulsion, the best-selected for-
mulation was at #10 (Table 3) with a ratio of 19: 16: 65 % (w/
w) (VCO: WP: PLSR). Throughout this study, the differences
between these two emulsions were studied in terms of their
physicochemical properties (e.g., pH value, creaming index,
contact angle and particle size measurement) and storage sta-
bility (e.g., creaming index) which was summarized in Table 4.

3.3.1. The pH profiles

The pH value in Table 4 indicates that both FPL and PLSR
extract emulsion was slightly acidic and very near to neutral
pH (p greater than 0.05). In fact, the removal of saponin
(PLSR) did not attribute to any significant difference as com-
pared to FPL extract emulsion (p greater than 0.05). As these
emulsions serve as therapeutic supplements for dengue fever
patients, neutral pH is seen to be suitable for promoting cell
tissue growth (e.g., fibroblast: blood vessels) and at the same
time helping other emulsion components (e.g., VCO and
WP) to respond well to the human body microenvironment
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vCco

Fig. 4 Ternary phase diagram for fresh papaya leaf with saponin reduction (PLSR) of ten emulsion formulation points which was
randomly selected from the homogenized region of TPD (grey region). Formulation #10 (G point) was selected prior to physicochemical
and cell response analysis.

Table 3 Randomly selected emulsion formulation of PLSR homogeneous phase (grey region) with < 30 % (w/w) of WP.

Formulation VCO (g) WP (g) PLSR (g) VCO: WP: PLSR (%, w/w)
1 1.00 2.50 6.50 10: 30: 60
2 1.00 3.00 6.00 12: 30: 58
3 1.50 2.50 6.00 13: 28: 59
4 1.50 3.00 5.50 14: 27: 59
5 2.00 2.50 5.50 15: 26: 59
6 2.00 2.00 6.00 16: 24: 60
7 2.40 2.70 4.90 17: 22: 61
8 2.50 3.00 4.50 17: 20: 63
9 3.50 3.00 3.50 18: 18: 64
10 3.50 2.00 4.50 19: 16: 65
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Table 4 Physicochemical properties of the best FPL (#4) (positive control) and PLSR (#10) emulsion formulation.

Sample pH Creaming Index Contact angle Z-average Emulsion Droplet
(CI) Size (nm)

Fresh Papaya Leaves Extract Formulation (FPL) - 6.85 + 0.07* 0.00 = 0.00" 33.7° + 2.90° 406.07 + 23.53°

Positive control

Papaya Leaves with Saponin Removal Extraction 6.76 + 0.06° 0.00 = 0.00" 17.1 £ 0.18* 197.30 + 56

Formulation (PLSR)

*Different letters in the same column represent significant differences (p < 0.05) between formulations (n = 3).

systems. Besides, excessively acidic or alkaline emulsification
conditions can cause emulsion instability and might affect
the gastrointestinal tract. However, the VCO pH value shows
high acidic when they reach a value of as low as 5.40 due to the
VCO’s fatty acids content (predominantly containing 48.40 %
to 52.80 % of lauric acid) which acts as antiviral, anti-
inflammatory and wound healing precursors (Carandang,
2008; Nevin & Rajamohan, 2010; Subermaniam et al., 2014).
However, the acidity of the VCO does not affect the pH read-
ing of the homogenized emulsion as it has been stabilized by
the presence of the WP.

Furthermore, the phase separation (immiscible layers) of
the WP mixture emulsion system can occur at pH 5.0 and
below due to the formation of flocculation between proteins
(Laplante et al., 2005). Adjusting the emulsion pH to 5.5 and
above might have resulted in the formation of stable and
smooth lipid droplets. The optimal stability of both emulsions
was finally obtained ranging from pH 6.0 to 7.0, where WP
synergistic effect might have been the main contributor to
the ultimate stabilized emulsion formation. However, protein
oxidation (WP) can still happen at pH 4.5 in this VCO-based
emulsion and produce separate protein deposits in the emul-
sion system (Chen & Diosady, 2003). This is because the pro-
tein contained in VCO-based emulsion can easily turn into
sediment and clots at pH 4.0 (Tangsuphoom & Coupland,
2008). Surprisingly, under this nearly neutral pH emulsion
condition, the decomposition of casein (WP) can be prevented
from occurring in the protein mixtures emulsion and simulta-
neously prolong its shelf-life for food-based safety purposes
(Bos & Van Vliet, 2001).

3.3.2. Creaming index (CI)

The creaming index was commonly used to predict the emul-
sion formulation stability. Both nano emulsion mixtures of
FPL and PLSR extract formulation produced a creaming
index of 0 indicating a very stable emulsion has been success-
fully developed (p greater than 0.05). In fact, both formula-
tions did not show any apparent separation phases
(immiscible layers) which indicates that flocculation and
creaming conditions were not produced in this emulsion. The
mixture remained homogenous which indicates its high stabil-
ity at 25 °C for 24 hrs of storage. Thus, the stability of both
emulsion formulations was high because the mechanical struc-
ture of the emulsion system can withstand the occurrence of
gravity deposition and creaming precipitation. However, other
emulsion formulations (Table 2 and Table 3) began to show
separate oil layer formation in <24 hrs of storage. Cream pre-
cipitation can occur when the density of oil droplets is heavier
or lighter than the density of the aqueous phase, decomposi-
tion of the emulsion composition, gravitational or centrifugal
forces and lipid oxidation. Moreover, flocculation can also

occur when oil droplet molecules overshared some of the pro-
tein molecules in the emulsification process due to the number
of protein molecules available is quite insufficient to cover the
entire oil-water interface layer (Chanamai & McClements,
2000; McClements, 2004; Thevene, 2006; Tadros, 2010).

3.3.3. Contact angle profiles

The contact angle describes the wetting value of where the lig-
uid—vapour interface meets on an untreated/treated solid flat
surface. There was an almost 2-fold decrease in PLSR contact
angle values than the FPL extract emulsion (p < 0.05)
(Table 4). In fact, both emulsions contact angles were < 55.70°
(water contact angle on an uncoated micro slide) which indi-
cates that the emulsion particles were mostly hydrophilic-
based liquid on the surface of the micro slide glass (Gao
et al., 2006). Moreover, a low contact angle indicates that
the surface is high in wetting, meaning that the water droplet
spreads out more on the surface (Aydar, 2020; Ramlan
et al., 2022). Thus, PLSR demonstrated two times higher wet-
ting capability than FPL extract emulsion to indicate that the
removal of saponin bioactive compound (aescin) from the
extract has changed its hydrophobicity/hydrophilicity pro-
foundly (p < 0.05). Furthermore, FPL was prepared from
fresh papaya leaves without the addition of any water or sol-
vent. Unlike PLSR, the presence of high-water content in the
extract produces extra intermolecular interactions and repul-
sive forces between the particles producing lower surface ten-
sion between the particles (Tadros et al., 2004; Snoeijer &
Andreotti, 2008). Surfaces with high energy interactions will
produce better absorption for later mixing and formulating
(Muster & Prestidge, 2002; Ramlan et al., 2018).

3.3.4. Particle size measurement

Particle size measurement is used to measure the particle size
distribution for each component in an emulsion system. It
was observed that the particle size distribution of PLSR was
four times smaller than the FPL emulsion formulation
(p < 0.05) (Table 4). In fact, both formulations were also cat-
egorized as nanoemulsions since the size range is between 100
and 500 nm (Kabri et al., 2011). Nanoemulsion has good sus-
pension stability at —10 to 55 °C, can withstand the physical
instability of the emulsion caused by gravity, flocculation
and/or coalescence, is easily prepared at low surfactant content
of as low as 20 % or less and has a better wettability and
absorbability (Tadros et al., 2004; Anton et al., 2008; Khor
et al., 2014). The production of nanoemulsions has always
been a major selection in any medicinal product development.
Those special features are considered an added value to the
developed emulsion by enhancing the drug absorbability into
the body’s cellular functions. It helps by increasing the effi-
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ciency of the drug delivery system to patients which can be
taken orally or by injection (Sanjeewani & Sakeena, 2013).
For that reason, good characteristics of papaya leaf extract
nanoemulsion will eventually help its absorption into targeted
cells and biological systems so that any immune responses that
help the body to fight those viruses (e.g., dengue virus) can be
activated efficiently.

3.4. The ECsy values

The ECsq value is the treatment concentration value that affects
the maximum half-reaction. This value is used to observe the

<0.05

effectiveness of a drug/chemical effect at a rapid rate and low
dose (Singh et al., 2020). In this study, the determination of
ECs values of both FPL (control), PLSR emulsions and WP
(control) were determined based on the cell viability (%)
obtained from 72-hr absorbance readings taken every 24 hrs.
The BEAS-2B cells treated with 100 pL of papaya leaf
extract emulsion showed different response patterns to five dif-
ferent concentrations (10 to 1000 ppm) of the solution from 24
hrs up to 48 hrs of exposure (p < 0.05) (Fig. 5). The 24-hr
absorbance readings showed a consistent upward trend and
responses of cell viability for all three samples, of which PLSR
and WP were seeming to exhibit viability of more than 50 % at
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D
S
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Fig. 5 Viability kinetic profiles of (a) Fresh Papaya Leaves (FPL) extract emulsion formulation (positive control); (b) Papaya Leaves
with Saponin Removal (PLSR) extract formulation; (c) whey protein (WP) (positive control) in 5 different concentrations (1000, 500, 100,
50, 10 ppm) which ostensibly boost up normal cell growth after 24 hrs of treatment. (*) p < 0.05: Cell viability (%) increased significantly
from 24 hrs to 48/72 hrs of treatment in all prepared concentrations (n = 3). (*) p < 0.05: Cell viability (%) remained constant from 48 hrs

to 72 hrs of treatment in all prepared concentrations (n = 3).
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Table 5 ECs, values of cell viability at 24, 48 and 72 hrs.

Time ECs values (ug/ml)

(hrs) Fresh Papaya Leaves Extract Formulation (FPL) - Papaya Leaves with Saponin Removal Extract Whey protein (WP) -
Positive control Formulation (PLSR) Positive control

24 336.28 + 5.55° 34.07 + 3.28° 52.10 + 2.60°

48 271.33 + 3.25° NA NA

72 266.13 £+ 3.49° NA NA

““Different alphabet shows significant differences (p < 0.05) (n = 3).

*NA: Not Available.

most of the concentration exposure. Meanwhile, all samples
started to exponentially increase towards 100 % cell viability
(» < 0.05) over the treatment period between 24 hrs and 48
hrs except FPL which was still adapting to its new microenvi-
ronment cocktails. This vindicates a good healing property of
these emulsion components (with or without saponin in the
extract) in which cells proliferated rapidly with no apparent
triggered necrosis. Subsequently, the toxicity level was calcu-
lated based on the ECs values obtained from the cell viability
(%) kinetic profiles. This value is determined based on the cal-
culation of the equations obtained from the cell viability (%)
versus concentration (log; pg/mL), where the y-value of
y = 50 % cell viability is shown in Table 5.

From Table 5, it was observed that there was a significant
difference (p < 0.05) between the FPL-treated cells with the
cells treated with PLSR and WP 24 hrs after treatment. The
absence of saponin in the PLSR emulsion intensely propelled
cell proliferation at low concentrations (<40 ppm) up to 72
hrs of exposure. Likewise, the WP was considered ‘inert’ as
it did not affect the cell’s normal growth kinetics. In fact, the
EC;so values for PLSR and WP at 48 hrs and 72 hrs were
not determined even though cell viability was beyond the
100 % mark which indicates the cells were too overcrowded.
At this point, cell proliferation occurs rapidly and permeates
every well of the plate as shown in Fig. 6. The overcrowded
cells were seeming to stabilize as it reaches 72 hrs of exposure.
Prior to treatment, it was observed that the cell loading distri-
bution was noticeable low and minimum cell-to-cell interaction
with visible space unoccupied by the cells. However, apparent
cell death (black spots: suspended cell fragments) was consid-
ered inevitable (Fig. 6 (b and c): yellow circle) after being trea-
ted with FPL, PLSR and WP for up to 72 hrs of treatment due
to sacred nutrients, overcrowded cells, and lack of spaces to
adhere which eventually led to necrosis. In addition, the effec-
tiveness of both raw papaya leaves saponin reduction and nor-
mal leaves extracts have been proven to be safe based on prior
work (Noraziani et al., 2016), in which the cell viability
(IMR90) treated with saponin reduction extract was found
to produce more active cell as compared to the normal extract
(p < 0.05). This finding supports that the removal of saponin
from the extract positively affects the growth of non-cancerous
cells. Whereas other available components in the emulsion
such as VCO have been proven not to increase cell growth
(present work) but good at killing cancerous cells. A study
on two human lung cancer cells (NCI-H1299 and A549) has
shown a significant cell death after 72 hrs of VCO treatment
(Nurul’ain et al., 2015). Hence, this shows that VCO, WP
and papaya leaves extract are safe for consumption, possess
no adverse effect on normal cell growth, have the potential

to treat cancer and essentially can help in repairing damaged
blood vessels due to dengue haemorrhagic fever.

3.5. Effective dosage of FPL and PLSR emulsion formulation

Based on the Ministry of Health (Malaysia) (MOH) (2015)
and Subenthiran et al. (2013), dengue patients were given 2
tablespoons of papaya leaf juice daily for three consecutive
days. The weight volume of 2 tablespoons of the extract was
estimated to be equal to 34 g, while the weight of one table-
spoon of the extract is equal to 17 g. If given on three consec-
utive days, it will be entirely around 102 g of papaya leaf
extract. Hence, the calculation was made based on both emul-
sion formulations (the best formulation: FPL formulation #4
and PLSR formulation #10) by choosing the composition of
the extract ratio in the formulation. As for the FPL extract
emulsion, the extract consists of 63 % (w/w), which is equiva-
lent to 10.71 g per tablespoon. Thus, to obtain the quantity of
102 g of papaya leaf extract according to the MOH recommen-
dation, this emulsion should be taken as much as two table-
spoons twice a day for 3 consecutive days. Meanwhile, for
the PLSR extract emulsion, the extract composition was
65 % (w/w), which is equivalent to 11.05 g per tablespoon.
Likewise, this emulsion should also be taken as much as two
tablespoons twice a day for three consecutive days, as recom-
mended by the MOH.

4. Conclusion

The optimal edible O/W emulsion formulations of FPL (control) and
PLSR were successfully developed based on the ternary phase diagram
(TPD) method. The best FPL and PLSR edible emulsion formulation
(%, w/w) was generated at 63: 16: 21 (Formulation #4: FPL: VCO:
WP) and 19: 16: 65 (Formulation #10: PLSR: VCO: WP) respectively.
The physicochemical properties of both FPL and PLSR O/W emulsion
formulations produced a slightly acidic condition with stable
nanoemulsion textures with non-existence creaming formation at 25
°C for 24-hr storage. Next, the wettability of both emulsions was ade-
quately high with the PLSR emulsion containing a much smaller par-
ticle size than FPL (p < 0.05), showing a better spreading potential in
the cell microenvironment cocktail and superior absorbability of its
nano-size emulsion. The biological response of both emulsions through
BEAS-2B cell viability (%) was beyond 100 % for 48 hrs of treatment
onwards with no apparent ‘knock-off” effect from the lowest to the
highest concentrations used (10 to 1000 ppm) apart from typical cell
death due to sacred nutrients and overcrowded cells which led to
necrosis. The effective concentration (ECsy) to expedite cell growth
requires only a low concentration of emulsion ranging from 35 to
350 ppm at a crucial treatment time of within 24 hrs. Hence, the rec-
ommended effective dosage for both FPL and PLSR as recommended
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Fig. 6 Morphological changes of BEAS-2B cell images at 100x
magnification scale for a) before any treatment (negative control);
b) cells treated with Papaya Leaves with Saponin Reduction
(PLSR) extract emulsion formulation at 48 hrs at 500 ppm; ¢) cells
treated with PLSR emulsion at 72 hrs at 500 ppm. Red arrows:
The healthy over crowded fibroblast cells adhered onto glass
surfaces. Yellow circles: Suspended dead cells visibly seen in black
spots. Lack of nutrients in the growth media and overcrowded
spaces could have led to cell death (necrosis).

by the Ministry of Health (MOH), Malaysia effective dosage to reduce
dengue haemorrhagic fever (e.g., blood vessel ruptures) is two table-
spoons twice a day (ranging from 10 to 11 g/tablespoon with the
extract concentrations of 60 to 65 % (w/w)) for three consecutive days.
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