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Cancer continues to be a deadly disease on a glo
synthetic chemotherapeutic drugs curr

the past ten years. Thereforegne

affordable. Antioxidants h S

blocking the 1n1t1at10n of c d
ioxi ve

scale’ F urthermore, despite the high expense of their development,
bem sed in clinical settings have failed to meet expectations during
dlcatlons might be alternative anticancer agents that are effective and

lessen oxidative stress and prevent carcinogenesis by slowing down and
evelopment. Some researchers have reported that Pandanus tectorius has
e antioxidant and anticancer properties of P. fectorius leave (PTL) in the form

g delivery system (SNEDDS), specifically against human cervical cancer cells (HeLa)
his study examined the anticancer activity of PTL-SNEDDS via induction of apoptosis on

bioavailability. ¢ PTL extracts (hexane, ethyl acetate, and methanol) were successfully formulated into SNEDDS
formulation and showed improvement in antioxidant and anticancer activity compared to the crude extract. The cells’
morphological characteristics showed that PTL-SNEDDS-treated cells died from both early and late apoptosis. Thus,
these findings introduce PTL-SNEDDS as an anticancer agent against human cervical cancer.
INTRODUCTION Society reported that in the United States, there will be 13,960

Cervical cancer continues to be a significant burden
for many nations, particularly for women in developing and
underdeveloped nations. The sexually transmitted human
papillomavirus (HPV) is the main cause of cervical cancer
transmission. Between 2012 and 2016, cervical cancer became
the fourth most frequent malignancy in women [1]. In two
years, almost 80% of high-risk HPV infections disappear on
their own without any treatment [2]. The American Cancer
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new cases of invasive cervical cancer diagnosed in women in
2023, and 4,310 of those women will die because of the disease
[3].

It is crucial to identify the type of cell death that
resulted fromthe cellularinjury for toxicological investigations,
dose-response calculations, and diagnostics. Because, it is
possible that alterations in cell death could be the initial sign
of negative responses to some drugs, such as anticancer drugs.
The cellular response to severe injury, including changes
that take place before and after cell death must be assessed.
Many processes, including apoptosis, necrosis, oncosis, and
autophagy can cause cells to die [4]. The size of the cell will
shrink if apoptosis is the primary mechanism of cell death,
and the plasma membrane will remain intact with the lipids’
orientation unaltered. Apoptosis cells may not necessarily
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cause inflammation because phagocytes normally eat them
before releasing their contents [5]. Nuclear chromatin
condensation, irregular nuclei, and deoxyribonucleic acid
(DNA) fragmentation into nucleosome-sized pieces are
indications that apoptosis has been triggered in cells [6,7].

Being a common objective of various therapy
regimens, apoptosis plays a crucial part in the treatment of
cancer [8]. Chemotherapy and chemotherapeutic targeted
medicines are the main cancer treatments. Bevacizumab is one
of the targeted medicines. It is an angiogenesis inhibitor, which
is currently being utilized to treat advanced cervical cancer as
an anti-vascular endothelial growth factor monoclonal antibody.
Occasionally, this medication is used along with chemotherapy.
However, this type of medication may have adverse effects such
as fatigue, nausea, and elevated blood pressure. Blood clots,
issues with bleeding, poor wound healing, and heart failure are
additional less frequent but more severe adverse side effects of
Bevacizumab consumption [9]. A carrier for anticancer drugs
such as calixarenes is used to reduce their side effects and
increase their affinity towards the target [10]. Other research
reported that calixarene derivatives, fert-butylcalix[4]arene-
pyrazole had specific cytotoxicity against the human cervical
cancer cells (HeLa) cell line at 2—10 pM. The compound targeted
DNA that was proven by an interaction between ctDNA and the
compounds at the air—water interface, thus the compound can
be used as a conventional chemotherapeutic agent [11].

Most likely alternative medicine is from natural
resources such as plant extracts. Several plants are known to have
anticancer properties are widely available, reasonably Price
and have little adverse side effects [12,13]. It is alsg adviSed
for individuals who have side effects from immu%g
or chemotherapy to take herbal medications=Hers Witip-high
antioxidant content might lessen oxidativ % e body
caused by free radical species. Antioxiday ow down or
stop cell damage, which can inhibit the oxidation process.
Antioxidants prevent carcinogenesis by blocking free radicals
production, which is the initiation of cancer cell development
[14].

The coastal plant, Pandanus tectorius is a promising
underutilized source to be useful for health. The extracts and two
isolated compounds from P. tectorius fruit, namely trangeretin
and trans ethyl cafeate and its fractions, showed very good
activity in inhibiting the activity of the 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase enzyme [15,16]. Besides that,
the alcoholic extract of P. tectorius leaves (PTLs) exhibit
antioxidant activity [17—-19]. However, these bioactivities are
probably hindered considering the solubility of the actives
extract is less polar or poorly water soluble. Their bioactivity
could be higher than the previous investigation. To overcome
these problems, a self-nanoemulsifying drug delivery system
(SNEDDS) will be one of the most potent delivery methods
to improve oral bioavailability and solubility. Some studies
on lipid nanotechnology have been formulated successfully
and widely reported. However, the application of SNEDDS
as the carrier for plant extract is still limited. In the form of
SNEDDS, the oral bioavailability of P. tectorius leaf extracts
could be higher than their original form. The SNEDDS carriers
have been proven to improve the antioxidant activity of P.

tectorius fruits [20]. Thus, SNEDDS carriers might have the
potential to improve the antioxidant and anticancer activity of
P tectorius leaf extracts. At present, there is no report on the
role of SNEDDS formulations in improving the solubility and
anticancer activity of PTLs against human cervical cancer and
their apoptosis programmed cell death.

MATERIALS AND METHODS

Plant extraction

PTLs were collected from the Tanjung Gelam area,
Terengganu, Malaysia. The leaves were cut and dried at 40°C.
500 g of dried leaves were sequentially extracted using hexane,
ethyl acetate, and methanol until the filtrate was clear. The
filtrates were evaporated using a rotary evaporator. Then, the
yield of extraction was calculated based on the crude extract
obtained from each solvent

m.crude extract

yield (%) = x 100%

m.dry leave

New formulation of SNEDDS-loaded PTL extracts

Observation of solubility

Several/Qils (caprylic triglycerides, olive oil, corn oil,
and olgic actants (tween 80 and kolliphor RH40),
a 0 %t s [PEG 400, dimethyl sulfoxide (DMSO)
an }& e glycol] were used to assess the solubility of P
tectoyius extracts. Each sample was filled into a 1 ml vehicle-

lled microtube (Tarson-500020), vortexed, and sonicated in a
sonicator bath for one hour at 35°C. Then, a visual evaluation of
each sample’s solubility was performed [21].

Preliminary screening of surfactant and co-surfactant

Various surfactants and co-surfactants that have
passed the solubility test were tested for their emulsifying
capacity. Evidence of the easiness of emulsion formation was
expressed as the number of flask inversions required to achieve
emulsion. The optical clarity of the emulsion was determined
spectrophotometrically at 638 nm after the emulsion was
allowed to stand for two hours. The emulsion’s phase separation
was visually observed [22].

Construction of ternary phase diagram

On ternary phase diagrams, oil, surfactant, and co-
surfactant were plotted to study phase behavior and track the
development of SNEDDS. Water, oil, and Smix (a mixture of
surfactant and co-surfactant) were used to represent a point on the
triangle in the diagrams, which were created using the aqueous
titration method. The self-emulsification region indicated the
spontaneous emulsion formation with droplet sizes <200 nm.

Surfactant and co-surfactant were mixed at several
weight ratios to construct different ternary phase diagrams. In
glass vials, a certain Smix ratio was homogenized after gently
mixed with oil at various ratios ranging from 1:9 to 9:1. Distilled
water was used to titrate the mixture at room temperature until
the endpoint, then visual observation was done to know any
phase separation or turbidity. The weight of the water for
each addition was noted to create the ternary phase diagram.
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CHEMIX School software (version 10.0) was used to construct
the ternary phase diagram.

Formulation of PTL-SNEDDS

The PTL-SNEDDS was formulated using the
optimized SNEDDS component ratios from the self-emulsifying
zone in the ternary phase diagram. Three grams of the optimized
SNEDDS formulation are combined with 100 mg of P. fectorius
and homogenized by gently shaking in a vortex mixer. Then,
the mixture was sonicated and heated to 35°C for an hour in an
ultrasonicator bath. The prepared PTL-SNEDDS were stored at
room temperature in a tightly covered bottle.

Characterization of optimized PTL-SNEDDS formulation

Robustness to dilution

The PTL-SNEDDS formulations were examined for
their robustness by dilution 50 and 100 times with distilled
water, simulated intestinal fluid (SIF) (pH 7.4), and simulated
gastric fluid (SGF) (pH 1.2). The diluted samples were kept
for 24 hours while any drug precipitation and phase separation
were observed [23,24].

Self-emulsification efficiency time

Briefly, 150 ml of distilled water was gently mixed
at 100 rpm with the addition of 0.5 ml of each PTL-SNEDDS
formulation. The temperature was adjusted to 37°C + 0.5°C.
The time needed for the SNEDDS to dissolve was recorded.
A five-grading system was utilized to assess the easiness of
emulsion formation [25]. e

- Nanoemulsion forms rapidly within one minutyw
clear appearance = Grade A.

- Nanoemulsion form within two mi
less clear or bluish-white appearance

- Fine milky emulsion within two minutes = Grade C.

- Grayish-white emulsion, dull, slightly oily emulsions,
take a long time to emulsify (more than two minutes) =
Grade D.

- The emulsion was formed in more than three minutes
with visible large globules on the surface = Grade E.

- The grades A and B formulations were chosen for
further analysis.

Emulsification time deforming

SGF and SIF were used as the medium to study
emulsification time deformation [23—26]. The formula for each
fluid was:

SGF: 500 ml of a mixture of 1 g NaCl and 33% of HCl
(pH 1.2).

SIF: 500 ml of a mixture of 4 g KH, PO, and 0.2N
NaOH (pH 7.4).

Emulsification ability was assessed by visual
observation. Briefly, 500 pl of each formulation was added into
150 ml of the medium while being gently stirred at 100 rpm
and heated to 37°C + 0.5°C. The time needed for SNEDDS
to completely dissolve was recorded. For 4 hours, stable or
unstable homogenous emulsions were monitored every 60
minutes.

@nti

Thermodynamic stability study

Each PTL-SNEDDS formulation was centrifuged at
3,500 rpm for 30 minutes. A stable formulation with no phase
separation was put through a heating—cooling cycle at 45°C
and 4°C. PTL-SNEDDS formulations that passed the heating—
cooling cycle were put through a freeze-thaw cycle at —21°C
and 25°C [26].

Optical clarity

The optical clarity of PTL-SNEDDS that has been
emulsified 50 times in distilled water was assessed at 638
nm using a UV-Vis spectrophotometer to know the clarity of
nanoemulsion formation as the percentage of transmittance
[27].

Droplet size analysis

The droplet size analysis including particle size,
zeta potential, and polydispersity index (PDI) of the selected
formulation was determined by Particle Size Analyzer (Litesizer
500, Anton Paar). A laser light at 1 = 658 nm was used. Light
scattering was monitored at three different angles, 15° (forward
scatter), 90° (side scatter), and 175° (back scatter) to measure
the particle size a zeta potential. The measurement was done

trlphcate at 259 equilibration time set at two minutes and
repo he selected formulation was prepared to 50
ti and gently mixed to ensure homogeneity.

i ant property

Antioxidant activity was assessed by 2,2-diphenyl-
1-picrylhydrazyl (DPPH) assay using distilled water and
quercetin as negative control and positive control, respectively.
The ability of samples as antioxidant were evaluated by the
decrease of absorbance at 517 nm as the maximum wavelength
for DPPH absorbance measurement using a spectrophotometer
UV-1800 (Shimadzu). The absorbance of the sample was
measured triplicate and reported as antioxidant activity £SD.
Free radical scavenging activities were calculated by the
following equation:

A -
Free radical scavenging activity (%) = T'f— x 100%
where A4 is the absorbance of samples and 4 is the
absorbance of negatlve control [28].

Cell proliferation assay

This assay was using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) method. Briefly,
HeLa cell (5 x 10* cells/ml equivalent with 5 x 10° cells/well)
was seeded in a 96-well plate before treatment and incubated
in 5% CO, at 37°C for 24 hours. Dissolved samples in RPMI
(Roswell Park Memorial Institute) medium were used in various
concentrations (from 0.391 to 100 pg/ml). RPMI medium was
used as a blank. After 24, 48, and 72 hours, 10 pl of 5 mg/ml
MTT solution was put into each well of the plate and incubated
for further 4 hours. Then, discard the solution, and 100 pul of
DMSO was added into each well and incubated for another
10 minutes to solve the formazan crystals. The absorbance of
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the sample was measured at 570 nm (maximum wavelength
for MTT absorbance measurement) using a Spark Microplate
Reader (TECAN). This assay was done in triplicate and
reported as a percentage of cell viability £SD. The curves were
constructed to obtain IC,; values and the best active fractions.

L absorbance of sample
Cell viability (%) =

x 100%
absorbance of blank

Morphological features of death cells

The concentration of the sample was prepared based
on the IC,; value of each sample. HeLa cell (5 x 10* cells/
ml) was seeded in a 96-well plate. The cells were incubated
for 24 hours in a 5% CO, incubator at 37°C. After 24 hours,
the RPMI medium was discarded and replaced with a new
medium containing sample and incubated for 4, 8, 20, and 24
hours. The medium was used as the negative control. After
incubation, the media was removed and each well was added
by Annexin-V/PI reagent. The plates were incubated at room
temperature for 5—-15 minutes. The ImageXpress Micro XLS
Widefield High-Content Analysis System was used to examine
the morphological characteristics of cell death.

RESULTS AND DISCUSSION

Plant collection and extraction

The samples were dried to reduce water content.
Leaves were extracted by sequential extraction method using

three different solvents, hexane, ethyl acetate, and methcno$

obtain crude extract for each solvent. The samples w sﬁ
at room temperature for 7-10 days until colorleQ b

shows the yield of extracts for each solvenQ
New formulation of SNEDDS-loaded P. tec extracts
Observation of solubility

The observation of the solubility study was intended
to know suitable oil phases and surfactants for the development
of PTL-SNEDDS. Identifying suitable oil and surfactant/
co-surfactant for SNEDDS formulation is very important to
optimize drug loading capacity. It shows in Table 2 that P.

tectorius methanol extract is insoluble in olive and corn oil. In
addition, natural edible oils such as olive and corn oil have a low
rate of emulsification and a relatively low drug-loading capacity
[29]. Most frequently, medium, and long-chain triglycerides
and fatty acids are used as oil to increase the solubility in a
formulation.

Preliminary screening of surfactants and co-surfactants

This preliminary screening was done to choose the
right surfactant and co-surfactant to give maximum oil-in-water
nanoemulsion’s thermodynamic stability. By partitioning into
the gastrointestinal membrane, surfactants can destabilize the
lipid bilayer and exert increased permeability and absorption
[29,30]. The effectiveness of emulsification is influenced by
a number of variables, including the hydrophilic-lipophilic
balance (HLB) value, lipid-surfactant affinity, and the
viscoelasticity of the emulsion [30]. All screened surfactants
have HLB values of more than 10 because they are suited to
produce oil-water nanoemulsions.

Nonionic surfactants are taken into consideration for
formulations and pharmaceutical applications because they are
less hazardous [31], less affected by changes in pH and ionic
strength [32], and typically accepted for oral administration
[33]. Oleic aci %aprylic triglycerides were used as the oily

phase i a n of the emulsification abilities of a few
S tafits, \inctdding kolliphor RH-40 and tween 80. Table
3 S transmittance and number of flask inversions of

variGys combinations of surfactants and co-surfactants.

The results showed that the highest percentage of
transmittance (highest emulsification efficiency) for a single
oily phase is obtained by a surfactant that has a higher HLB
value which is kolliphor RH-40 [HLB value 14-16]. When
exposed to water, a more stable nanoemulsion is created when
the HLB value is higher [29-32]. In addition, the oils have other
impacts. As a medium-chain triglycerides, caprylic triglyceride
possesses more solubilizing and self-emulsifying properties
[29]. Long chain triglyceride such as oleic acid increase the
drug transport in lymph but are sometimes difficult to emulsify
[34]. The mixture of oil for the oily phase was also tested in this
study. This modification was done to improve pharmacokinetics
and meet optimum properties [29].

Table 1. Percentage of crude P, tectorius fruits and leaves extracts.

S | Hexane Ethyl acetate Methanol
ample
P Weight (g) %Crude extract ~ Weight (g) %Crude extract Weight (g) %Crude extract
PTLs 149115 2.71 17.0605 3.10 45.4143 8.26

Table 2. Observation of solubility of extracts in different kinds of oils, surfactants, and co-surfactants.

Extract Oils Surfactants Co-surfactants
Olive 0il Cornoil Caprylic TG Oleic acid Tween 80 Kolliphor RH40 PEG 400 Propylene glycol DMSO
PTL—Methanol N N N N N N N
PTL—Ethyl acetate v N N N N N N
PTL—Hexane S N N N N N N

*# = miscible
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Increased interfacial fluidity, which results from co-
surfactants entering the interphase and creating certain vacuum
spaces that water can enter, leads to spontaneous emulsification
[35]. Co-surfactant reduced the surface tension and allowed it
to easily deform around each droplet necessary for the creation
of an emulsion [36]. The addition of co-surfactant to water
decreases water surface tension, so the surfactant does not feel
much stress in the water. Table 4 shows the number of flask

Table 3. The capacity of surfactants to emulsify.

HLB No. of

Oil Surfactant value  inversions %T
Oleic acid (OA) Kolliphor RH-40 14-16 10 66.5
Tween 80 15 8 51.5
Caprylic triglycerides ~ Kolliphor RH-40 14-16 4 92.4
(CTG) Tween 80 15 3 56.2
OA:CTG (1:1) Kolliphor RH-40 14-16 21 70.1
Tween 80 15 8 22.5
OA:CTG (1:2) Kolliphor RH-40 14-16 26 83.7
Tween 80 15 17 533
OA:CTG (2:1) Kolliphor RH-40 14-16 23 68.6
Tween 80 15 7 27.3

Table 4. Preliminary screening of co-surfactant.

Oily phase  Surfactant  Co-surfactant No. of inversions %
Caprylic  Kolliphor PEG 400 3 ‘Q’&
triglyceride RH-40 Propylene Q )
glycol
DMSO 43.7
OA:CT (1:2)  Kolliphor PEG 400 13 46.7
RH-40 Propylene 5 76.6
glycol
DMSO 15 65.3
OA:CT (1:2)  Tween 80 PEG 400 3 95.0
Propylene 5 57.3
glycol
DMSO 8 95.5

inversions and optical clarity of different mixtures. Propylene
glycol demonstrated the highest emulsification efficiency for a
single oily phase among the co-surfactants; however, it is more
difficult to emulsify than PEG 400. For the use of an oily-phase
mixture, the Smix of tween 80 and PEG 400 exhibit great clarity
levels and are also easy to emulsify.

Construction of ternary phase diagram

In the absence of extracts, ternary phase diagrams
were created to know the self-emulsifying zone and choose
an appropriate concentration of each SNEDDS mixture.
These diagrams are crucial for understanding the phase
behavior of nanoemulsions [22]. Based on the outcomes of the
preliminary screening of surfactants and co-surfactants with
caprylic triglicerides as the oily phase, kolliphor RH-40 as the
surfactant, and propylene glycol as the co-surfactant, a ternary
phase diagram was illustrated in Figure 1. In the ternary phase
diagram, the nanoemulsion region is shown as a gray areca. The
system with a Smix ratio (3:2) exhibits a greater emulsification
region compared to other systems, as seen in Figure 1, hence
it was chosen for further investigation. The current results
demonstrated that a transparent and clear system is produced
when the oil concentration is between 0% and 25%.

The systags of the mixture oily phase were constructed
using a_mix ic acid and caprylic triglycerides (1:2),
twe PEG 400 (Fig. 2). Figure 2 shows that the system

wi ix’tatio (2:1) exhibits a wider emulsification region
than ae other systems, so it was chosen for further investigation.
e present results in Figure 2 show that transparent and clear
stems are created when oil content is 0%—40%, especially in
15%-35%.

These two systems lead to a greater formation of
nanoemulsion (higher emulsification region) [37]. The surfactant
decreases the surface tension between the oil and aqueous phase
by forming a layer of polar and nonpolar components around the
oil globule that faces the aqueous solution and absorbs the oil
[38]. The self-emulsification process became more spontaneous
when surfactant concentration was increased [39]. but some
surfactants might lead to the irritation of gastrointestinal
epithelium when used as orally administered substances [22,29].
Therefore, the amount of surfactant in SNEDDS formulation
must be at a low level. Hence, it is important to formulate the
optimized concentration of oil, surfactant, and co-surfactant.

|\\’ar¢r]?v (6 = «( T smix (2:) \\‘a(crw"0

100
Smix (3:1)  Water Smix (3:2
00 0 00

Figure 1. Ternary phase diagrams of caprylic triglycerides, kolliphor RH-40, and propylene glycol at Smix ratios 2:1, 3:1, and 3:2 indicating the clear oil in water

nanoemulsion region as gray regions.
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(b) Smix (1:1)

Oil
0,

(c) Smix (3:1)

0 Smix (1:1)

(d) Smix (3:2)

mo" Smix (2:1)

Smix (3:2)

o>
[
Figure 2. Ternary phase diagrams of the tragspai il- Mr nanoemu
following Smix ratios 1:1, 2:1, 3:1, and 3:2.\&

Formulation of PTL-SNEDDS ,0

Based on the results from the pscto-ternary phase
diagram (Figs. 1 and 2), formulations of methanol extracts of
PTLs-SNEDDS (PTLM-SNEDDS) were made using caprylic
triglycerides, kolliphor RH-40, and propylene glycol as the
oil phase, surfactant, and co-surfactant, respectively, with
the composition of Smix 3:2. For hexane and ethyl acetate
extracts of PTLs-SNEDDS (PTLH-SNEDDS and PTLEA-
SNEDDS) were made using mixture of oleic acid and caprylic
triglycerides (1:2) as the oil phase, tween 80 as surfactant, and
PEG 400 as co-surfactant with the composition of Smix 2:1.
The composition of the formula is shown in Table 5.

Characterization of optimized PTL-SNEDDS formulation

Robustness to dilution

The ability of SNEDDS to produce dispersion
without phase separation and drug precipitation determines the
usefulness of SNEDDS as a drug carrier [40]. Based on visual
observations (Table 6), PTLM1-5, PTLEA3-5, and PTLH3-6
formulations were clear and transparent, and there are no signs
of phase separation or cloudiness upon dilution with distilled
water, SGF, and SIF for 50 and 100 times, even after 24 hours.
These results confirmed the suitability and the stability of
SNEDDS formulation for orally administered drugs, and offer

Ision area are shown as gray regions in the

Table 5. PTL-SNEDDS formulations.

SNEDDS carrier compositions

Code Oil (Y%wt) Su(l;i‘:lvcvt:)mt Co-:g/:if:\tc)tant
PTLM-1 10 54 36
PTLM-2 12 53 35
PTLM-3 14 52 34
PTLM-4 16 50 34
PTLM-5 18 49 33
PTLM-6 20 48 32
PTLEA-1 16 56 28
PTLEA-2 20 53 27
PTLEA-3 25 50 25
PTLEA-4 30 47 23
PTLEA-5 35 43 22
PTLH-1 15 57 28
PTLH-2 20 53 27
PTLH-3 25 50 25
PTLH-4 30 47 23
PTLH-5 35 43 22
PTLH-6 40 40 20




Kholieqoh et al. / Journal of Applied Pharmaceutical Science 0 (00); 2024: 001-015 007

Table 6. Visual assessment of PTL-SNEDDS for their robustness
to dilution.

Table 7. PTL-SNEDDS formulations’ self-emulsification time.

Code Observation Emulsification time (sec) Grade
Observation PTLM-1 Clear-slightly green 43.14 A
Code Distilled water SGF SIF PTLM-2 Clear-slightly green 37.87 A
PTLM-3 Clear-slightly green 35.71 A
50x 100x 50x 100x 50x 100x .
PTLM-4 Clear-slightly green 33.56 A
PTLM-1 CS CS CS CSs CSs CSs PTLM-5 Clear-slightly green 31.42 A
PTLM-2 C,S C, S C,S C, S C, S C,S PTLM-6 Bluish-slightly green 48.78 B
PTLM-3 C.s C.s C.s c.s c.s c.s PTLEA-1 Clear-green 41.35 A
PTLEA-2 Clear-green 45.43 A
PTLM-4 S Gs S CS ¢S CS PTLEA-3 Clear-green 34.98 A
PTLM-5 C,S C, S C,S C, S (O] C, S PTLEA-4 Clear-green 43.75 A
PTLM-6 LC,S LGS LGS LGS LGS LGS PTLEA-5 Clear-green 44.32 A
PTLH-1 Green-hazy 47.12 B
PTLEA-1 C, S C,S DP,US DPUS C, S C, S
PTLH-2 Green-hazy 44.65 B
PTLEA-2 C,S CS DPUS DPUS CS S PTLH.3 Clear-green 43,50 A
PTLEA-3 C,S C,S C,S C, S C, S C, S PTLH-4 Clear-green 35.85 A
PTLEA-4 G,S G, S G, S C, S C.S C.s PTLH-5 Clear-green 27.34 A
PTLH-6 Clear-green 30.80 A
PTLEA-5 C, S C, S C, S C, S C, S C, S
PTLH-1 H, S H,S H,US H,US H,US HUS
PTLH-2 H,S HS HUS HUS CS S %1 tion time of PTL-SNEDDS formulations in SIF
and SGF.
PTLH-3 C, S C, S C, S C, S C, S C, S
ob , Emulsification time (sec)
servation
PTLH-4 C, S C, S C, S C, S C, S Q SIF SGF
PTLH-5 C, S C, S C, S C, S C, S PTLM-1 Clear-slightly green 40.14 39.14
PTLH-6 C.S C.S C.S C.S PTLM-2 Clear—slightly green 36.39 34.65
PTLM-3 Clear-slightly green 36.18 31.99
Notes: C = clear; LC = less clear; H =hazy; M = milky; “3P = dgig precipitation; PTLM-4 Clear-slightly green 33.19 2859
S = stable; US = unstable
PTLM-5 Clear-slightly green 30.37 23.13
PTLM-6 Bluish-slightly green 56.90 51.02
the potency of a great drug release profile in vivo [26,37]. The g e
. . qspe 1 e PTLEA-1 Clear-green 102.91 92.15
nano-dispersion capabilities of the dilution’s pH 1.2 and 7.4 are
unaffected, but stable formulations in different pH will ensure PTLEA-2 Clear-green 87.62 81.35
that at intraluminal pH, the globules would pass through the GI PTLEA-3 Clear-green 74.35 65.66
tract without phase separation [26]. PTLEA-4 Clear-green 40.91 38.76
. . . . PTLEA-5 Clear-green 33.53 35.37
Self-emulsification efficiency time &
. . . PTLH-1 Green-hazy 72.53 39.14
Table 7 displays the time it took to produce
. . . T . . PTLH-2 Green-hazy 67.65 34.65
nanoemulsion and its dispersibility. Distilled water was used to
know the grade of the formulation. All the PTLM, PTLEA, and PTLH-3 Clear-green 45.18 31.99
PTLH passed the dispersibility test with grades A and B. These PTLH-4 Clear-green 41.54 28.59
dispersions give clear, slightly less clear dispersion, and rapidly PTLH-5 Clear-green 22.91 23.13
form within one minute. These results will ensure the potential PTLH-6 Clear-green 36.58 51.02

in vivo drug release profile [26,37].

Emulsification time deforming

Emulsification time deforming was used to assess
the easiness of SNEDDS-generated nanoemulsions in the
simulated intestinal and gastric fluid by mild agitation [25,41].
In simulated intestinal and gastric fluid, SNEDDS should
typically be able to spread in less than a minute and maintain
their nanoemulsion form.

Based on Table 8, PTLM1-5, PTLEA1-5, and PTLH3-
6 were clear. Therefore, these formulations can be used to
create PTL-SNEDDS. In addition, there is no aggregation or
precipitation, and the systems are stable for 4 hours at 37°C. It
suggests that the formulation can remain in the GI tract in the
form of nanoemulsion for four hours before it is absorbed [25].
Hence, these formulations were chosen for further study.
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Figure 3. (A) PTLM-SNEDDS, (B) PTLEA-SNEDDS, and (C) PTLH-SNEDDS formulation droplet size graph reconstituted in distilled

water.

Thermodynamic stability study

The thermodynamic stability of SNEDDS was
determined using different conditions; centrifugation,
heating—cooling cycle, and freeze-thaw cycle to know the

difference between emulsion and nanoemulsion formati
t1
is

[43]. All of the formulation with grade A was subj
test. The PTLM- 5 and PTLH-3 showed ng sig i ility
after all of the tests (Table 9). Therefore mulations

were chosen for the next study.

[42] and the stability of the system such as phase stpa
ea\to
i

Optical clarity

The percentage of transmittance showed the clarity
level of nanoemulsion. A number of more than 90% for
transmittance demonstrates its transparency, lowers the
possibility of drug precipitation, and raises the solubilization
limit [44]. The outcome provides a prediction for formulation
variables such as homogeneity and globule size.

All the optimized formulations exhibit good clarity
levels after fifty times dilution in distilled water (Table 10). The
PTLM-5, PTLEA-5, and PTLH-3 have a clear-green solution,
no cloudiness, milky solution, or substance precipitation.
Due to the color, the percentage of transmittance of the PTL
formulations is lower than 90%. For PTLM, PTLM-5 was
chosen as the best formulation among the two formulations
of PTLM because it has a higher content of oil than PTLM-4.
Higher oil content and a suitable amount of surfactant created a
faster and more stable nanoemulsion [45].

Droplet size analysis

One of the most crucial aspects of a nanoemulsion
for assessing stability and a key step in improving medication
bioavailability is particle size [46,47]. An increase in drug

Xynamic stability studies of PTL-SNEDDS
formulations.

Table

Cycle (@48 hours)
Cod Centrif- Heating-cooling

ugation
First Second Third First

\/

Freeze-thaw

Second Third

<2

PTLM-1
PTLM-2
PTLM-3
PTLM-4
PTLM-5
PTLEA-1
PTLEA-2
PTLEA-3
PTLEA-4
PTLEA-5
PTLH-3
PTLH-4
PTLH-5
PTLH-6

X

2 22 2 2
2 2 =2 X
22 0

>

2 2 2 2 2 2 2 2 2 2 2
2 22 2 2 2 2 2 2 2
2 2 2 2 2 2
2 2 2 2 2 2 XK
o
'
'

g
< 2 <2
2 <2 ¥

< 2

<2 <2

>
'
'
'
'
'
'

>
'
'
'
'
'
'

X - - - - - -

Notes. Criteria: phase separation/cracking/cloudiness/precipitation = no, passed
(\/); yes, failed (x)

Table 10. Clarity level of PTL-SNEDDS formulation.

Code Percentage of transmittance (%)
PTLM-4 97.9
PTLM-5 96.7
PTLEA-5 31.1
PTLH-3 67.3
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absorption can be caused by smaller particle sizes [48]. The
particle size of the optimized formulation is shown in Table
7. The optimized formulations of PTL-SNEDDS have particle
sizes lower than 100 nm. The nanometric size lower than 100
nm confirms a larger interfacial surface area for medication
absorption. Particle size distribution is shown in Figure 3,

Table 11. Characterization of particle size, PDI, and zeta potential of

PT-SNEDDS.
Code Particle size (nm) Zeta potential (mV) PDI
PTLM-5 48.85+2.47 -20.6+1.0 0.218 +£0.022
PTLEA-5 50.73 +8.2 -23.6+0.2 0.585+0.041
PTLH-3 90.31+7.6 —444+22 0.256 + 0.006

Table 12. The inhibition of cell proliferation expressed as IC, value.

less than 0.7 of the PDI indicates homogenous globule size
distribution [46,49,50].

Zetapotential is the difference in potential between the
solution’s electroneutral area and the surface of'a densely bonded
layer. The value of zeta potential can be related to the solubility
of colloid dispersion. A high zeta potential of small particles
confers stability of the dispersion and avoids aggregation
[48,49]. The results shown in Table 7 indicate separated
emulsion globules and stable systems [51]. Nanoparticles with
negative charge can easily permeate the mucus gel compared to
positively charged nanoparticles [29]. Among the formulations,
PTLH-3 has the highest zeta potential value (—44.4 = 2.2 mV)
as shown in Table 11. This result indicates the low possibility
of particle aggregation due to repulsive electrostatic forces [52].

Antioxidant property

The antioxidant activity of all optimized SNEDDS
formulations of P. tectorius was measured by DPPH scavenging
activity. Figure 4 shows that there are differences in antioxidant
activity between PTL-SNEDDS and PTL crude extract. All
samples exhibit inhibition against DPPH mean oxidation except
the hexane extract of PTL because it is a nonpolar fraction
and could not dissolve in the solvent (distilled water) that

1C,, (ng/ml)
Sample
72 hours 48 hours 24 hours
PTLM-SNEDDS 14.44 15.84 32.2
PTLEA-SNEDDS 13.2 13.85 17.72
PTLH-SNEDDS 13.56 17.85 18.94
100

%Scavenging activity

2
Concentration (pg/mL)
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Figure 4. DPPH scavenging activity + SD of quercetin standard, crude extract, and optimized formulation of PTLM-SNEDDS,

PTLEA-SNEDDS, and PTLH-SNEDDS.
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has high polarity. The results showed that PTLEA-SNEDDS
have greater DPPH scavenging activity about 7 times higher
compared to the crude extract. The improvement of scavenging
activity of PTLEA-SNEDDS is higher than PTF-SNEDDS [20]
and PTLM-SNEDDS due to the polarity of the extract. PTLEA
extract is poorly water soluble, so the SNEDDS formulation
gave many effects on its solubility and bioactivity in a water
solvent. While PTLM has more polar properties than PTLEA,
their crude extracts are already soluble in water solvent and only
give a little improvement in their solubility and bioavailability.
Improvement of antioxidant properties of SNEDDS formulation
from fruits part of P. tectorius extracts have been investigated
but with different compositions of the SNEDDS carrier [20].
Different extracts or samples can be produced from different
compositions and ratios of oil, surfactant, and co-surfactant on
their SNEDDS formulation. These differences are affected by
chemical constituent content in the extracts or sample as well as
their polarity will be affected by the formulation result.

Cell proliferation assay
The growth inhibition of all extracts, SNEDDS

carrier, and PTL-SNEDDS formulation on HeLa cell lines
was investigated. The growth inhibition was determined by

Yy
Figure 5. Percentage of growth inhibition + S}fn, PTLM, PTLEA, PTLH, SNEDDS carriers, and PTL-SNEDDS against HeLa cells at

MTT assay and then interpreted as IC, value. The cytotoxicity
effect was shown by morphological changes of cells as well as
the reduction in the number of viable cells after being treated
by sample. The growth inhibition of all samples at 72 hours
is shown in Figure 5. The IC,  of PTLM-SNEDDS, PTLEA-
SNEDDS, and PTLH-SNEDDS were 14.44, 13.2, and 13.56
pg/ml, respectively. According to Andriani et al. [53], the
anticancer activity data can be considered cytotoxic if the IC50
value is less than 30 pg/ml.

All PTL-SNEDDS formulations are cytotoxic against
HeLa cells with IC,; value <30 pg/ml. This improvement in
cytotoxic property could be correlated to its improvement in
antioxidant activity. The propagation of oxidative reaction
of free radical species, one of the cancer-causing substances
is inhibited by the samples. The growth inhibition was also
investigated for all active samples at 24 and 48 hours (Fig. 6).

The PTLM-SNEDDS inhibited the cells’ growth at
concentrations 15.84 and 14.44 pg/mL at 48 and 72 hours,
respectively. At 24 hours, a sample concentration of less than
30 pg/ml is unable to inhibit the growth of the HeLa cell line,
only 50 and 100 pg/ml can inhibit >70% of cell growth. The
PTLEA-SNEDDS at 48 with a sample concentration of less
than 6.25 pg/ml could not inhibit the growth of HeLa cells.
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concentrations.

Interestingly, this sample showed a cytotoxicity effect against
the HeLa cell line at concentrations 17.72, 13.85, and 13.2 pg/
ml at 24, 48, and 72 hours, respectively. The exact same pattern
with PTLEA-SNEDDS was observed in the PTLH-SNEDDS
sample. At 72 hours, both samples reduced 80% of cell growth
at a concentration of 25 pg/ml and had IC,; value at 13 pg/ml.
The PTLH-SNEDDS produced a cytotoxicity effect against the
HeLa cell line at concentrations 18.94, 17.85, and 13.56 pug/ml
at 24, 48, and 72 hours, respectively.

For 24,48, and 72 hours, all the SNEDDS formulations
suppress the proliferation of HeLa cells in a dose-dependent
manner. Besides that, the IC, values of all samples decreased
as the incubation period got longer from 24 to 72 hours.

Morphological features of death cells

The mode of cell death induced by PTLM-SNEDDS,
PTLEA-SNEDDS, and PTLH-SNEDDS were done by
apoptosis study. The cell was exposed to PTLM-SNEDS,
PTLEA-SNEDDS, PTLH-SNEDDS, and Doxorubicin at IC,
value, individually for 72 hours. A common method to monitor
the development of apoptosis is the use of Annexin V and
fluorescein isothiocyanate (FITC)-conjugated propidium iodide

m6.25 m125 50 A
Bos
Figure 6. The growth inhibition effects of QR TL-SINEDDS and Doxorubicin on HeLa cells at different intervals (24, 48, and 72 hours) and

(PI). The early stage of apoptosis (start-stage) are Annexin
V-positive and Pl-negative (Annexin V-FITC'/PI'), compared
to late stage of apoptosis cells are Annexin V/PI double positive
(Annexin V-FITC*/PT") [54].

Figure 7 shows the results acquired after Annexin

V/PI tests. From the results, it can be seen that there is a
time-dependent effect on cell viability and induces apoptotic
morphology in treated cells for 4, 8, 20, and 24 hours (
). After 4 hours, PTLM-SNEDDS showed a positive to green
stain indicating the early apoptosis cells. While red stain started
to appear on cells treated with PTLM-SNEDDS after 8 h of
incubation indicating the late apoptosis of the cells. Most of
the cells at 24 hours were double-positive to Annexin-V and PI
(late apoptosis).

Early apoptosis (green stain) showed on cells treated
with PTLEA-SNEDDS at 4 hours, while some of them started to
show late apoptosis (red stain). Moreover, after 20 hours, all the
cells were double-positive for Annexin-V/PI (late apoptosis).
This result showed that late apoptosis started earlier in cells
induced by PTLEA-SNEDDS compared to PTLM-SNEDDS.
However, the presence of late apoptosis cells that were treated
by PTLEA-SNEDDS was less than the PTLH-SNEDDS.
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Figure 7. Apoptosis cell death of HeLa cells treated with PTLM-SNEDDS, PTLEA-SNEDDS, PTLH-SNEDDS, and Doxorubicin. The green stain
indicates early apoptosis (green arrow), while the red stain indicates late apoptosis (red arrow). The observation was done for 4 hours (a)—(d), 8 hours

(e)—(h), 20 hours (i)—(1), and 24 hours (m)—(p).

We can see that the presence of late apoptosis cells
in PTLH-SNEDDS was higher than the other samples and the
Doxorubicin standard, conducted by the presence of some red
stain by PI stain started from 4 hours incubation. At 8 hours
and longer, all the cells showed a red stain meaning that late
apoptosis had occurred. This result showed that the apoptosis
process on cells induced by PTLH-SNEDDS was more rapid
compared to other samples and doxorubicin standard.

Apoptosis is referred to as programmed cell death in
which a few intracellular enzymatic processes are triggered,
causing protein breakdown, and eventual DNA damage.
The apoptosis process is observed as cell shrinkage, plasma
membrane blebbing, cell separation, nuclear condensation, and

DNA damage [55]. Early apoptosis avoids direct tissue injury
because the cell membrane remains intact, preventing the
release of the internal components. In addition, phosphatidyl
serine (PS) is transported from the inner to the outer layer
of the cell membrane during early apoptosis [56]. When the
plasma membrane becomes more permeable because of some
substances, cells that are in early apoptosis may progress
into late apoptosis. Our study showed that PTLM-SNEDDS,
PTLEA-SNEDDS, and PTLH-SNEDDS at the concentration
of 14.44, 13.2, and 13.56 pg/ml, respectively, triggered the
transport of PS which indicates the presence of green stain
(early apoptosis) start from 4 hours treatment. According to the
second study, all SNEDDS samples caused late apoptosis based
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on the appearance of red stain after 8 hours after treatment.
Correlates with this research, apoptosis-mediated cell death
was seen in HeLa after being exposed to SNEDDS formulations
of methanol, ethyl acetate, and hexane fraction of PTLs.

CONCLUSION

The SNEDDS of PTLs fractions (methanol, ethyl
acetate, and hexane) were successfully formulated into grade
A formulations, nanometric size (<100 nm), and PDI lower
than 0.7. According to this in vitro study, in an aqueous
solution, the antioxidant activity of all extracts improved
after loading into SNEDDS formulation. Moreover, P.
tectorius leaf extracts in non-SNEDDS form show no
cytotoxic properties against HeLa cells, and interestingly
they show anticancer activity in SNEDDS formulations
form. The PTL-SNEDDS has the potency as an antioxidant
agent and might be an anticancer formulation against HeLa
cells. The results of this research showed that SNEDDS
formulations can improve solubility and bioactivities of the
leaf extracts of P. tectorius then will ensure a good prospect
as a drug for oral administration.
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