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Abstract

Diabetes mellitus is a serious threat to human health worldwide. Alternative therapy sources derived natural ingredients promise
therapeutic benefits, safety, and cost savings. Nanoemulsion technology has demonstrated that natural extracts have improved
bioavailability and therapeutic effects. This study aimed to demonstrate the efficacy of a nanoemulsion of Epipremnum pinnatum
leaf extract, which has antidiabetic and antihyperlipidemic effects in alloxan-induced rats. The ideal nanoemulsion was formulated
by testing four permutations of chitosan (0.1% or 0.2%; 18 mL), sodium tripolyphosphate (0.1% or 0.2%; 9 mL), combined with
Epipremnum pinnatum extract (0.250 g) and Tween 80 (0.5%; 3 mL). The antidiabetic and antihyperlipidemic tests were divided
into five treatment groups: normal group, negative control group (2 mL NaCMC/200g BW), positive control group (10 mg/kgBW
of glibenclamide), treatment I (250 mg/kgBW of extract), and treatment II (250 mg/kgBW of nanoemulsion extract). The treatment
lasted for 14 days, and the data taken were blood sugar, malondialdehyde (MDA), total cholesterol, triglyceride, LDL, and HDL
levels. According to the results of Epipremnum pinnatum leaf extract nanoemulsion, the best nanoemulsion utilized in antidiabetic
and antihyperlipidemic tests was one with a particle size of 165.70 nm and a zeta potential of 22.0 mV. The nanoemulsion
administered at a dose of 250 mg/kg BW was more effective than the extract, and the effects were identical to those of
glibenclamide. The data indicate that E. pinnatum leaf extract nanoemulsion could be used as an antidiabetic and
antihyperlipidemic alternative treatment.
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1. INTRODUCTION based therapies are being used as alternative

methods for diabetes management [4].

The major risk factors for cardiovascular disease
are diabetes mellitus and hyperlipidemia. Diabetes
often shows a pattern of increased triglyceride and
low-density lipoprotein (LDL) levels [1]. This is
one of the main causes of high morbidity and
mortality with diabetes
Diabetes is expected to affect 642 million people by

in patients mellitus.
2040, with emerging countries accounting for most
cases. This condition is expected to worsen owing
to lifestyle changes [2]. Many antidiabetic and
antihyperlipidemic medicines are available, from
both natural and synthetic sources [3]. Existing
modern medications have always been in terms of
efficacy, cost, and various side effects. As these

issues become more prevalent, conventional plant-
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Epipremnum pinnatum, especially its leaves, has
been used in traditional medicine. According to
several studies, this plant has several qualities that
make it beneficial as a medication. It inhibits cancer
cell proliferation and can be used to treat burns [5].
It lowers the amount of triglycerides and has
additional benefits. It also has antihyperuricemia
[6], antihyperglycemic [7], anti-inflammatory [8],
[9],
effects [10]. It lowers the amount of triglycerides
and has additional benefits. E. pinnatum leaf extract

anti-hypercholesterolemia and antioxidant

has significant antioxidant potential and can be used
as an antidiabetic and antihyperlipidemic agent. E.

the active chemical
in acetone extract [11].

pinnatum leaf contains
quercetin (0.1728 mg/g)

Quercetin acts as an antidiabetic agent by inhibiting
the enzymes

alpha-glucosidase, alpha-amylase,

aldose reductase, dipeptidyl peptidase-4, and
protein tyrosine phosphatase 1B (PTP 1B),
increasing insulin sensitivity and modulating

oxidative stress [12][13]. Makhdalena (2006) stated
that at a dose of 300 mg/kg BW, the ethanol extract
of E. pinnatum leaf effectively reduced cholesterol
and triglyceride levels, both of which are risk
factors for cardiovascular disease [9]. In addition,
further research indicates that E. aureum, a member
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Table 1. Formula for the nanoemulsion of E. pinnatum leaf extract.

Extract (g) Chitosan (18mL)
Formula 1 0.250 0.1%
Formula 2 0.250 0.2%
Formula 3 0.250 0.1%
Formula 4 0.250 0.2%

S.TPP (9mL) Tween 80 (3 mL)
0.1% 0.5%
0.2% 0.5%
0.2% 0.5%
0.1% 0.5%

of the Araceae family that includes E. pinnatum,
has the potential to be an antidiabetic medicine. The
results suggested that the ethanol extract of E.
aureum reduced blood glucose levels by 61.07%
with a 250mg/kgBW [14]. Until now, no scientific
data has specifically investigated the antidiabetic
effects of the E. pinnatum plant formulated in the
form of nanoemulsion delivery. The results of
initial phytochemical screening tests indicate the
presence of bioactive compounds with potential
effects as antidiabetic agents that have not been
explored in nanoformula form [8].

Nanotechnology and nanoscience have evolved
in various fields, including research. Nanoparticle
production using polymer combination has attracted
significant interest in the pharmaceutical and
medical industries [15][16]. Nanoparticles are
colloidal particles with diameter of 1-1000 nm. In
the clinical phase, the utilization of natural products
is focused on optimizing the bioavailability of
preparations. The active ingredient’s nanosize,
which ranges between 50-500 nm,
absorption in the small intestinal walls, boosting

aids in
bioavailability. Therefore, the application of
nanotechnology in pharmaceutical preparations
could increase the bioavailability of medication,
manage the release of active substances, and
improve the sensory qualities at the site of action.
Nanoemulsion is one of the subtypes of
nanotechnology-based systems that are liquid-based
[17]. This study aimed to provide an overview of
how changing the particle size of the extract into
affects  the
antihyperlipidemic therapeutic effects of an ethanol
extract of E. pinnatum leaf in male white rats.

nanoemulsion antidiabetic  and

2. MATERIALS AND METHODS

2.1. Materials

Fresh E.  pinnatum  leaves

(synonym

Rhaphidophora pinnata) were harvested in
Mendalo, Jambi, Indonesia. Plant determination
was conducted at the Biology Department, Faculty
of Mathematics and Natural Sciences (FMIPA),
Andalas University with a voucher number of 250/
K-ID/ANDA/VI. The 70% ethanol (Brataco),
acetonitrile, formic acid, sodium carboxymethyl
cellulose (Brataco), aquadest, acid,
Dragendorff’s reagent, Mayer's reagent, alloxan
(Merck), TBA  (Merck), TCA  (Merck),
glibenclamide, anhydrous acetic acid (Merck),
concentrated sulfuric acid, concentrated HCI, 1%
FeCl; (Merck), chitosan (Merck), sodium
tripolyphosphate (Brataco), Tween 80 (Brataco),

sulfuric

Mg powder (Merck), Folin-Ciocalteu reagent, gallic
acid, AlCl;, NaOH, quercetine, ketamine, xylazine,
and glucose sticks (Easy Touch®). Male white
Wistar rats were used in this study.

2.2. Extraction of E. pinnatum Leaf

E. pinnatum leaf powder was extracted using
70% ethanol via the maceration method. The bottle
was filled with 500 g of simplicia, and the solvent
was poured until the powder was completely
submerged. The simplicia to the solvent ratio is
1:10. The mixture was left for 2 days and stirred 5-6
times a day at room temperature (25°C+2) and
protected from light. The macerate was then
strained, remacerated, and stored for 24 h.
Remaceration was performed twice. The collected
macerate was concentrated using a rotary
evaporator at 50-60°C until a thick extract was
obtained. The concentrated extract was subjected to
phytochemical screening analysis and determination
of total phenol and flavonoid contents according to
the research procedures of Safitri et al. [18] and
Alaraetal. [19].

2.3. LC-MS Fingerprint Analysis
LC-MS was used to identify the chemicals in E.
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pinnatum leaf extract with minimal adjustments to
the work protocols used by Ismed et al. [20]. Ten
milligrams of E. pinnatum leaf extract was weighed
and dissolved in 10 mL of methanol using a
measuring flask. This research used an ultra-
performance liquid chromatography (UPLC, LC:
ACQUITY UPLC H-Class System, Waters, USA)
and a mass spectrometer (Xevo G2-S QTof, Waters,
USA). This experiment used a C-18 column
(1.8um, 2.1 x 100 mm, ACQUITY UPLC HSS,
Waters, USA) with a column temperature of 500°C
and a room temperature of 250°C. The mobile
phase used in this analysis consisted of mixture A
(water + 5 mM ammonium formate) and mixture B
(acetonitrile + 0.05% formic acid), flow rate using a
gradual gradient of 0.2 mL/min for 23 min and
injection volume of 5 pL, which had been
previously filtered using a 0.2 pm filter syringe. MS
analysis used electrospray ionization (ESI) positive
charge mode with a mass range of 50-1200 m/z and
source and desolvation temperatures of 100 and
350°C, respectively. Then cone gas flow rate and
desolvation of 50 L/h and 800L/h were also used
sequentially with collision energy varying between
4-60  eV. Polar ~ compounds  produced
chromatograms first, followed by compounds with
lower polarities. The chromatogram peaks were
interpreted using the MassLynx application.

2.4. Nanoemulsion

2.4.1. Preparation of Nanoemulsion of E. pinnatum
Leaf Extract

Using a magnetic stirrer at 2,500 rpm for 30 min,
0.250 g of E. pinnatum leaf extract was combined
with 18 mL of chitosan (at a concentration of 0.1%

and 0.2%). Then, 9 mL of sodium tripolyphosphate
(concentrations of 0.1% and 0.2%) was added
dropwise with a magnetic stirrer at 2,500 rpm for 30
min. Finally, 3 mL of Tween 80 at a concentration
of 0.5% was added dropwise and stirred with a
magnetic stirrer at 2,500 rpm for 30 min to generate
a nanoparticle emulsion solution [21]. Table 1
shows the process of preparing a nanoemulsion of
the chitosan extract of E. pinnatum. The formula
that produced the best results regarding particle
size, zeta potential, and polydispersity index was
used to test the antidiabetic and antihyperlipidemic
effects in test animals.

2.4.2. Stability Test and Characterization of
Nanoemulsions

The physical stability test of nanoemulsion was
carried out using the freeze-thaw cycle test method.
The freeze-thaw cycle test was carried out by
storing the nanoemulsion preparation at a
temperature of 4°C+2, then transferring to a
temperature of 25°C+2, and each temperature for 24
h was recorded as one cycle. The test was carried
out for six cycles, then observing changes in
physical stability, including pH and organoleptic
[22].

A HORIBA SZ-100 nanoparticle analyzer was
used to characterize the samples. The average
diameter of the nano-dispersed particles was
measured using dynamic light scattering particle
size analysis with a measuring instrument in the
range of 0.3 nm — 8 pm. The samples were diluted
at a ratio of 1:5 to prevent multiple scatterings. The
temperature used for the measurements was 250°C.
The
electrophoretic mobility distribution of particles

zeta potential was measured by the

(2) (b)

(e)

Figure 1. Phytochemical screening results of E. pinnatum leaf extract; (a) alkaloids with dragendorff rea-
gent, (b) alkaloids with mayer reagent, (c) flavonoids, (d) saponins, (e) tannins, (f) steroids.
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Figure 2. LC-MS chromatograms of Epipprenum pinnatum extracts.

using the laser Doppler velocimetry technique with
a range of 2 and 200 mV. A 100 pL sample was
obtained and placed in the instrument. The
temperature used during the measurement was 25°C
[23][24].

2.5. Antidiabetic and Antihyperlipidemic Effects of
E. pinnatum Leaf Extract

The test animals for this study were healthy male
white Wistar strain weighing 200-250 g. Six test
animals were used in each treatment group. The
experimental animals were divided into five groups.
The normal control group consisted of non-diabetic
rats that did not receive any treatment. The diabetic
control group included diabetic rats that were not
given any therapeutic intervention. The positive
control group comprised diabetic rats treated with
glibenclamide at a dose of 0.45 mg/kgBW. The first
treatment group consisted of diabetic rats
administreted with E. pinnatum leaf extract at a dose
of 250 mg/kgBW, while the second treatment group
consisted of diabetic rats treated with a
nanoemulsion formulation of E. pinnatum leaf
extract at the same dose of 250 mg/kgBW.

Before being induced by alloxan, the rat's blood
sugar levels were measured using a glucometer by
taking blood samples and wounding the tip of the
tail. The rats were then fasted for 12 h. After fasting,
the rats were induced with alloxan monohydrate at a
concentration of 175 mgkgBW, which had
previously been dissolved in physiological NaCl

0.9%, and administered intraperitoneally at a rate of
2 mL/200g BW. Induction was given immediately
after 5-10 min of alloxan preparation. After three
days, if the rat's blood sugar level measurement
results exceeded 200 mg/dL, the rat was classified
as diabetic [25]. The potential antidiabetic effect of
E. pinnatum leaf extract was assessed by measuring
blood sugar levels on days 0, 7, 10, and 14 using a
glucose stick with a glucometer (Easy Touch
GCU®).

Malondialdehyde levels and antihyperlipidemic
effects last day of
observation (day 14™). This blood collection has
met the
guidelines of National Center for the Replacement,
Refinement, and Reduction of Animals in Research
(NC3Rs), stating that the large blood collection
process can be carried out for test animals in
terminal conditions, namely, the condition of the

were measured on the

ethical requirements according to

test animals not being resuscitated [26]. In addition,
the research stages have also received approval
from the Ethics Committee of the Faculty of
Medicine, Tadulako University (project number
3049/UN/28.1.30/KL/2021). Blood sampling began
with anesthesia of the rats using high-dose
anesthetics, which were ketamine (75 mg/kgBW)
and xylazine (15 mg/kgBW), administered
intraperitoneally. Blood was then collected from the
heart of each rat. Three to five milliliters of blood
were collected.

Malondialdehyde levels were measured using a
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Spectronic 21D spectrophotometer. Blood samples
were centrifuged at 3,000 rpm for 15-20 min.
Serum samples were taken as much as 100 pL, then
put into a test tube, and 50 pL of 10% TCA solution
and 300 pL of distilled water were added, then
vortexed for 1 minute. The solution was centrifuged
at 3000 rpm for 10 min. The supernatant formed
was then taken and put into another test tube, and
1000 pL of 0.67% TBA was added. Furthermore,
the tube was put into a water bath at 95-100°C for
10 min. After that, the test tube was removed from
the water bath and cooled. The reaction results were
taken, and then their absorbance was measured
using a spectrophotometer at 532 nm [12].

The parameters of the antihyperlipidemic effect
were observed using a spectrophotometer with a kit
from the Kairos company. The blood was
centrifuged at 4,000 rpm for 5-10 min. Serum was
collected and used for blood biochemical analysis
of total cholesterol, triglycerides, HDL, and LDL
using an automated chemistry analyzer.

2.6. Data Analysis
The results of this study were analyzed in two

ways: descriptively (extract and nanoemulsion

characteristics) and using a one-way ANOVA test
(blood sugar, MDA, blood cholesterol, LDL, and
HDL levels) with significant changes calculated at
p<0.01. This was followed by Duncan's further test.

3. RESULTS AND DISCUSSIONS

E. pinnatum leaves were extracted using the
maceration method, which involved soaking the
plant material (simplicia powder) in a specific
solvent. The advantage of this method is that the
tools used are simple and do not require a heating
process; thus, chemical compounds that cannot
high temperatures are not harmed.
Maceration of 500 g of powdered E. pinnatum leaf
resulted in a 91 g thick extract, with an 18.2% yield.
Phytochemical screening of E. pinnatum leaf
extract revealed of secondary
metabolite such as alkaloids,
flavonoids, tannins, steroids, and saponins (Figure
1).

Previous research has shown that phytochemical
screening of E. pinnatum leaf extract revealed the
presence of compounds alkaloids,
flavonoids, anthraquinones, tannins, glycosides,

survive
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Figure 3. Particle size and polydispersity index results of E. pinnatum leaf extract nanoemulsions: (a)

formula a 914.20 nm and polydispersity index 0.333,

(b) formula b 801.50 nm and polydispersity index

0.324, (c) formula ¢ 165.70 nm and polydispersity index 0.562, (d) formula d 794.60 nm and polydispersity
index 0.372.
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Figure 4. Zeta potential nanoemulsions of E. pinnatum leaf extract at formula (a) formula a 15.5 mV,
(b) formula b 14.4 mV, (¢) formula ¢ 22.0 mV, and (d) formula d 19.2 mV.

phenols, phytosterols, carbohydrates, and steroids
[27]. The overall phenolic content was 188.03 +
2.35 GAE/g, and the total flavonoid content was
72.02 £ 4.78 QE/g. Phenolics and flavonoids are
known to have high antioxidant activity. Its
properties
demonstrated. Phenolic and flavonoid compounds
exert an antidiabetic effect by activating the AMPK
inhibiting

antidiabetic have been clinically

system, a-glucosidase/a-amylase,
inhibiting glucose absorption, enhancing insulin
sensitivity, and activating PPAR [18]. LC-MS
analysis yielded five bioactive compounds, which
were identified as possible antidiabetic agents.
Bioactive activity of compounds obtained from
search results via the NCBI website and previous
studies. The results are presented in Figure 2 and
Table 2.

The first peak active compound suspected to be
an antidiabetic agent was 1-(hydroxymethyl)-6,7-
dimethoxy-2-methyl-3,4-dihydro-1H-isoquinolin-5-
ol. This isoquinoline alkaloid compound has
numerous pharmacologically established effects,
including anticancer, antidiabetic,
inflammatory, and antimicrobial effects [28][29].
The second active compound, considered an

anti-

antidiabetic, a phytol compound. This
hydrocarbon compound has been proven to have

was

potential as an antidiabetic, anti-inflammatory,
anticancer, anticonvulsant, antimicrobial,
antihyperlipidemic, and immune adjuvant agent. As
a result, the phytol compound has been identified as
a potential novel medication candidate for various
types of pharmacological therapies [30]. The third
compound suspected to be an antidiabetic agent was
6-(deca-1,3,5-trien-1-yl)-2-(hydroxymethyl)-1-

methylpiperidin-3-ol. This compound is an alkaloid
based on the results of antidiabetic testing with DPP
-4 inhibition of ICs5y<10nM.
Additionally, this compound boosted plasma insulin
levels with minimum toxicity. In addition, this plant

testing results

may act as an antidiabetic agent due to its ability to
produce a-glucosidase and a-amylase [31]. The
fourth compound was camptothecin. Camptothecin
has the potential to be an anticancer and antidiabetic
agent [32]. Eleostearic acid was the last peak
chemical with antidiabetic potential. Eleostearic
acid is a fatty acid compound that exhibits
antidiabetic and antitumor properties. The test
results showed that glucose levels in the test
animals decreased by 39.32% [33]. The antidiabetic

362
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potential was also supported by the presence of
seven tentative peaks of phenolic compounds in F.
pinnatum leaf extract.

Nanoemulsion stability test using freeze thaw
test method conducted in 6 cycles for 12 days with
different temperatures of 4°C+2 then transferred to
a temperature of 25°C+2 did not show any changes
before and after treatment for formulas 2,3, and 4
with pH in the range of 6.56-6.45 statistically did
not show any significant difference (p<0.01).
However, in formula one, particle precipitation or
phase separation indicates instability of the
resulting nanoemulsion.

The nanoemulsion formulation used in this study
utilized the ionic gelation method, which involves a
cross-linking process between polyelectrolytes in
multivalent ion pairs [34][35]. Several materials
were used in this study. The first was chitosan (poly
(b-1/4)-2-amino-2-deoxy-D-glucopyranose), a
chitin-based biopolymer extracted from shell
exoskeletons. Chitosan is commonly used as a
carrier in the creation of nanotechnology products,
utilizing the iconic gelation process because it
improves drug stability [36][37]. The second was
sodium tripolyphosphate, a negatively charged
crosslinking agent. It was easier to interact with
than other polyanion substances, such as sulfate and
ionic

citrate. In the gelation process for

nanoemulsions, chitosan is a polycation that
transports multivalent positive ions and interacts
with tripolyphosphate, which

negative ions. Changes in ionic concentration affect

sodium carries
the physical properties of the resulting nanoparticles
[37]. The third was Tween 80, which served as a
surfactant to maintain the diameter of the produced

particles, hence limiting particle aggregation [21].
The goal of optimizing the nanoemulsion
formula was to discover the formula with the most
stable characteristics in terms of particle size, zeta
potential, and polydispersity index. This study
found that all nanoemulsion formulations were
successfully synthesized with particle sizes ranging
from 1 to 1000 nm [38][39]. However, formula III
had the smallest particle size, measuring 165.7 nm.
Previous research has discovered that nanoparticles
ranging in size from 50-300 nm have good drug
delivery capacity [40]. In addition, other factors that
aided the optimization of formula III included a zeta
potential value of 22 mV, which was closest to the
standard, and the polydispersity index of 0.562. The
literature states that a nanoemulsion preparation is
homogeneous if the polydispersity index is 0-0.7
and the zeta potential is closest to £ 30 mV. The
zeta potential is a parameter of the electric charge
between colloidal particles [41]-[43]. This value
was obtained from the difference between the
electrical charge on the granules and the layer of
dispersed colloidal particles. The zeta potential is
crucial because it affects the stability of the
nanoparticles. The stability of the nanoemulsion
system is influenced by van der Waals forces of
attraction and electrostatic repulsion. The higher the
repulsive force between the particles, the greater the
stability of the nanosystem [44]. The polydispersity
index describes the homogeneity of a sample. A
good polydispersity value indicates that the
nanoemulsion is stable over time [45]. Thus,
formula III was the nanoemulsion that was further
used the in vivo testing as an antidiabetic and
antihyperlipidemic agent (Figure 3 and Figure 4).

Table 3. Average blood glucose levels during 14-days treatment.

Blood Glucose (mg/dL) = SD

Treatments

Percentage of Decrease

Day 0 Day 7" Day 10" Day 14" FBG Levels
Normal Control 96.6+1.11  98.7+1.85  89.80+021"  94.5+1.03" -
Diabetic Control ~ 267.5+3.71° 272.0+2.83" 2263+342" 207.33+3.28" 22.49%
Positive Control ~ 240.0+ 1.41°  149.7+3.50" 60.70 +3.77" 54.33 £ 4.14* 77.36%
Treatment I 2612+2.78 230.8+3.73" 221.0+541"  76.00 £ 4.66" 70.90%
Treatment IT 271.0+£2.41° 179.5+3.71" 135.0+4.24™  50.00 + 4.24™ 81.55%

Note

: Positive Control: Glibenclamide 0.45mg/kgBW; Treatment I: 250mg/kgBW Extract; Treatment II: 250 mg/kgBW

Nanoemulsion Extract; FGB: Fasting Bloods Glucose; *p<0.01 significant difference compared to the normal control ; #p<0.01
significant difference compared to the diabetic control; *p>0.01 no significant difference compared to the positive control
(Glibenclamide 0.45mg/KgBW); All the values are Mean + SEM (n=6).
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Figure 5. Average malondialdehyde levels after 14 days of treatment. Statistical tests using one-way

ANOVA with Duncan's post hoc.
Note: Positive Control: Glibenclamide 0.45mg/kgBW; Treatment I: 250mg/kgBW Extract; Treatment II: 250 mg/kgBW Nanoemulsion Extract
#p<0.01 significant difference compared to the normal control ; #p<0.01 significant difference compared to the diabetic control; p>0.01 no
significant difference compared to the positive control (Glibenclamide 0.45mg/kgBW).

The effectiveness of E. pinnatum leaf extracts
nanoemulsions as an antidiabetic agent could be
determined by blood sugar levels, while total
cholesterol, triglyceride, LDL, and HDL levels
could determine the antihyperlipidemic effect in
diabetic conditions. All observation data were
analyzed using one-way ANOVA, which had
previously met the requirements for normality and
homogeneity tests with a significance value greater
than 0.05 (p<0.05). Blood glucose levels decreased
significantly across the treatment groups (p<0.01),
except for the negative control, which remained
high on the 14™ day. Table 3 shows the examination
outcomes.

The antidiabetic activity of E. pinnatum leaf
extract nanoemulsion in this study revealed that
changes in particle size in the extract affected blood
sugar levels. The one-way ANOVA statistical
analysis revealed a significant difference when the
extract was provided at the same dose (250 mg/kg
BW), with a reduction percentage of 81.55% for the
nanoemulsion extract.

Diabetes mellitus is one of the triggers for cell
damage that can produce lipid peroxidation
byproducts. MDA is one of the well-known
biomarkers of oxidative stress and lipid
[12]. The showed an
improvement in MDA levels when compared to the

peroxidation results

diabetic control group. The best MDA level was in
the nanoemulsion extract (250 mg/kgBW) with a
2.83 nmol/mL level (Figure 5). Cell damage caused
by oxidative stress is repaired through the action
mechanism of the phenolic antioxidant compounds
found in E. pinnatum leaf extract.

This was also supported by evidence of
increased HDL levels, a type of good cholesterol
that protects blood vessels from fat accumulation
and reduces plaque formation in nanoemulsion
treatments (Table 4). Insulin is important in
maintaining lipid homeostasis by inhibiting
lipolysis in adipose tissue, stimulating lipogenesis
in the liver, and increasing lipoprotein lipase
activity. The condition of diabetes mellitus, as a
result of the induction of the cytotoxic compound
alloxan, is a trigger for the emergence of insulin
deficiency conditions. This condition will disrupt
normal lipid metabolism through increased
lipolysis, excess production of triglyceride-rich
lipoproteins in the liver, and decreased peripheral
lipid clearance, which is the main trigger for the
emergence of hyperlipidemia. Total cholesterol,
triglyceride, and LDL levels have shown
antihyperlipidemic effects. Changes in particle size
in nanoemulsions will increase drug absorption
through the absorption mechanism of enterocyte
cells and microfold cells. This single epithelial layer
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is differentiated into enterocyte cells along the
intestinal lining. These cells can produce digestive
enzymes and have microvilli, which play a role in
expanding the surface area for drug absorption. This
allows the chemical compounds contained in
Epipremnum pinnatum leaf extract to work
optimally [46].

The effectiveness of particle size-based therapies
in in vivo testing has a critical size threshold for
enhancing cellular interactions. Smaller particles
can enhance cellular uptake. This study also aligns
with the research conducted by Hoshyar et al., who
discovered that drug-laden particles that enter cells
with a size of less than 1000 nm have 2.5-250 times
more absorption than larger particles [47]. Another
study by Assi et al. showed that nano-sized drugs
with a particle size range of 50-300 nm have good
drug delivery capacity. These indicate that a
nanoemulsion formula in this study, with a particle
size of 165.7 nm, can increase the potential of F.
pinnatum leaf extract as an antidiabetic and
agent [40].
Samudra et al. Sargassum sp. extract nanoemulsion
has a Dbetter antihyperglycemic effect than
Sargassum sp. extract [21]. In other research,

antihyperlipidemic According to

Gymnema sylvestre extract nanoparticles exhibited
antihyperglycemic and antihyperlipidemic
activities.  Gudise et al. discovered that
nanotechnology can improve the efficacy of oral
therapy in diabetes and hyperlipidemia by testing
extracts of Argyeia pierreana and Matelea
denticulata [48]. Taken together, these data indicate
that administering a nanoemulsion of E. pinnatum
leaf extract can improve the effectiveness of oral

therapy, including E. pinnatum leaf extract.

Changing the form of the extract into a
nanoemulsion has a greater effect as an antidiabetic
and antihyperlipidemic agent. Therefore, changes in
herbal preparations in nano form have the potential
to be developed into pharmaceutical preparation

products in the future.
4. CONCLUSIONS
Nanoemulsions can be generated from E.
pinnatum leaf extract. The optimal nanoemulsion
for antidiabetic and antihyperlipidemic testing had a
particle size of 165.70 nm, zeta potential of 22.0
mV, and polydispersity index of 0.562. The
administration of nanoemulsion at a dose of 250
mg/kgBW was more effective as an antidiabetic and
antihyperlipidemic agent than extracts, which have
the same effect as glibenclamide. Therefore, further
research on E. pinnatum leaf extract has the
potential to be used as an active ingredient in
antidiabetic and antihyperlipidemic agent products.
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