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ABSTRACT

Syzygium polyanthum (bay leaves) is widely used in Indonesia and has been shown to have
pharmacological activity, such as antihyperlipidemia. The nanoparticle is a delivery system that
enhances therapy effectiveness, minimizes side effects, and ensures safety. Therefore, this study aimed
to improve the antihyperlipidemic efficacy of Syzygium polyanthum extract by formulating it into
nanoparticles. The polymer that is used in this nanoparticle formulation is chitosan, while the cross-
linking agent that is used is sodium tripolyphosphate. Three formulations have been developed, each
with different stirring times after crosslinking: F1 (20 minutes), F2 (90 minutes), and F3 (150
minutes). At the same time, nanoparticles produced were examined for particle size, { potential,
polydispersity index, entrapment efficiency, and release study. Syzygium polyanthum extract is
abundant in secondary metabolites, including alkaloids, flavonoids, saponins, triterpenoids, tannins,
and quinones. The particle size data for F1, F2, and F3 were 257+£6.68 nm, 232+2.54 nm, and 303+1.3
nm respectively, while the polydispersity index ranged from 0.242 to 0.383. The entrapment efficiency
represented by quercetin, used to assess the extracted content of the nanoparticles, yielded results
between 39.59% and 67.48%. A release study of nanoparticle Syzygium polyanthum (nanoparticle SP)
showed that the extract represented by quercetin can be released from the system is 64-82% in 120
min. The { potential measurement in F2 indicated a value of 30.9+0.416 mV, suggesting that the
nanoparticle SP formed possesses excellent stability. Among the formulas studied, F2 emerged as the
most promising due to its combination of factors such as the smallest size, favorable polydispersity
index, high entrapment efficiency, and desirable release profile values. All of the formula has the
potential to provide a good therapeutic effect, such as antihyperlipidemia but it needs to be proven by
further studies.
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INTRODUCTION

Indonesia is plentiful in natural resources, found both on land and in its oceans. Using plants in
Indonesia to improve health has also begun to increase (Badan Pusat Statistik Indonesia, 2020). In
2022, there was an increase in exports of Indonesian medicinal plants by 5.55% from the previous year
(BPS 2020). According to the World Health Organization (WHO), 80% of people in developing
countries are expected to depend on plant-based medicines because they are considered safe and have
little or no side effects (World Health Organization, 2010).

The salam plant (Syzygium polyanthum) is well-known throughout Indonesia, with its leaves
commonly utilized as a culinary seasoning or flavor enhancer thanks to its unique aroma. In addition
to its benefits as a food ingredient, bay leaves are used as an alternative medicine, due to their content
of secondary metabolites with numerous pharmacological properties, such as alkaloids, saponins,
steroids, phenolics, flavonoids, and essential oils (Widyawati et al., 2021; Qi et al., 2004).

One of the benefits of bay leaves is reducing dyslipidemia, especially in cases of
hypertriglyceridemia, and lowering levels of low-density lipoprotein (LDL) (Harismah, 2017).
Previous studies have shown that bay leaf extract effectively reduces cholesterol levels by inhibiting
the enzyme HMG-CoA (3-hydroxy-3-methylglutaryl coenzyme A) reductase. In experiments
conducted on Wistar rats, administering Syzygium polyanthum extract for just 15 days resulted in
significant reductions in triglyceride, LDL, and overall cholesterol levels. Saponins, alkaloids,
flavonoids, quinones, and tannins are secondary metabolites known to potentially exhibit
antidyslipidemic effects in bay leaf extract (Kusuma et al., 2011: Zargar et al, 2015; Widyawati et al.,
2021; Widjajakusuma et al., 2019; Wu et al., 2017).

Dyslipidemia treatment conventionally falls into several classes based on mechanism, including
HMG CoA reductase inhibitors, nicotinic acid, fibrates, and others. However, there's been significant
progress in enhancing these conventional treatments by utilizing nanoparticle delivery systems. This
approach offers numerous advantages and has been extensively adopted to enhance the potency of
dyslipidemia drugs in therapy. Research findings indicate that Atorvastatin nanoparticles can enhance
both safety and effectiveness as antihyperlipidemic agents (Mahmood et al., 2019). Nanoparticles
employed in drug delivery offer numerous benefits. Their particle dimensions and surface properties
can be carefully modified, enabling targeted drug delivery to specific areas through both passive and
active mechanisms after parenteral administration. Additionally, nanoparticles allow for the controlled
and sustained release of active pharmaceutical ingredients at the targeted location, enhancing
therapeutic efficacy, also minimizing side effects. Moreover, this versatile system can be utilized for
drug delivery through various paths, such as oral and parenteral administration (Mohanraj and Chen,
2006). However, the advancement of nanoparticle-based drug delivery systems for treating
dyslipidemia like this has been developed for chemical synthesis drugs only, such as Atorvastatin
nanoparticles, Lovastatin, Simvastatin, and Estradiol (Mahmood et al., 2019). There isn’t research on
nanoparticle drug delivery systems for antihyperlipidemia from natural ingredients yet.

Due to the large biological natural resources that Indonesia has, as well as advances in the
development of current pharmaceutical technology, it is necessary to formulate bay leaf extract
nanoparticles (Syzygium polyanthum) to obtain a formula with optimal physical characteristics and
release profile and is proven to be able to provide better effectiveness compared to only bay leaf
extract so that it can increase the use value of plants of Indonesian herbal medicines.

MATERIAL DAN METODE
Material

The tools used in this study were a magnetic stirrer, centrifuge (DLAB), water bath sonicator,
scales, Zetasizer Nano ZS ZEN3600 (Malvern, United Kingdom), and UV-Vis spectrophotometer
Genesys-50 (Thermo). The materials applied in this study were chitosan (CV. Bio Chitosan
Indonesia), sodium tripolyphosphate (STPP) (Xilong Scientific), ethanol extract of Syzygium
polyanthum (PT. Borobudur Industri Jamu), ethanol (Merck), syringe filter (Allopure), sodium acetate
(Merck), dialysis membrane MWCO 14000 Da (Wards Science, USA), aluminum chloride, Phosphate
Buffered Saline (PBS) tablet (Oxoid, Thermo), and quercetin (Merck).
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Method
Phytochemical screening
In the ethanol extract from Syzygium polyanthum, a phytochemical screening was conducted,

encompassing tests for alkaloids, flavonoids, quinone, saponin, tannin, and triterpenoids.

Alkaloid

The extract was weighed as much as 0.4 grams, then combined with ammonia 25% and 0,02 L of
chloroform, it was agitated and filtered. Subsequently, 2 N HCI was added until two distinct phases
emerge: an agueous phase and a chloroform phase, facilitating liquid-liquid extraction. The aqueous
phase was transferred into two reaction tubes, with Dragendorff reagent added to the first tube. The
appearance of a red deposit confirmed the presence of alkaloids in the extract. In the second tube, the
presence of alkaloids was confirmed by the formation of a white precipitate upon adding Meyer’s
reagent (Silva et al., 2017).

Flavonoid

The extract was weighed as much as 1 gram, then, it was heated in 50 mL of solvent for 0,25 hour,
and filtered. The filtrate was utilized to detect flavonoids, tannins, saponins, and quinones. 5 mL of
filtrate, 1 mL of HCI, 5 mL of amyl alcohol, and magnesium powder were added. The mixture was
thoroughly shaken and allowed to separate. The appearance of a red, brick red, or purplish red color in
the amy! alcohol layer confirmed the presence of flavonoids in the extract (Jagessar, 2017).

Quinone

A drop of the filtrate previously prepared was added to a spot plate, afterward by the addition of a
drop of 1 N NaOH. The development of a red color denoted a positive result (Silva et al., 2017; Singh
& Kumar, 2017).

Saponins

5 mL of filtrate was vigorously shaken for 10 minutes until consistent foam forms, reaching a
height of 1-10 cm and persisting for 10 minutes. The consistent foam formed after adding a few drops
of 2 N HCI demonstrated that the extract contains saponin (Singh & Kumar, 2017; Tiwari et al., 2011).

Tannin

5 mL of the filtrate that was prepared earlier was poured into three test tubes. To the first tube, 5%
FeCls; was added, and the presence of tannins was indicated by the development of a green. dark blue,
blue, or greenish-blue color. In the second test tube, 1% gelatin was introduced, and a white precipitate
signals the presence of tannins. In the third test tube, 2 mL of 40% formaldehyde and 1 mL of
concentrated HCI were added, and the mixture was then heated to boiling. The appearance of red
precipitation indicated tannin (Pandey & Tripathi, 2014; Singh & Kumar, 2017).

Triterpenoid

0.2 grams of extract was combined with 20 mL of ether, then filtered and evaporated using an
evaporator cup. The residue left in the cup was treated with 2 drops of acetic anhydride. Then, a drop
of concentrated sulfuric acid was added. Positive triterpenoid resulted if a red, pink, or purple color
was formed (Singh & Kumar, 2017).

Total flavonoid content determination

The total flavonoid content was represented as quercetin. 200 mg of the extract dissolved in ethanol
and let it rested for 60 minutes, then filtered and added ethanol to the final volume of 25 mL. A series
of quercetin dilutions (10 ppm, 25 ppm, 50 ppm, 75 ppm, and 100 ppm) was prepared as a reference.
From each dilution, 500 pL of the extract and quercetin samples were pipetted into separate tubes. To
each tube, 100 pL of 1 M sodium acetate, 1500 pL of ethanol, 100 puL of 10% aluminum chloride, and
demineralized water was added to adjust the total volume of the mixture to 5 mL. Then incubated for
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30 minutes. The wavelength and instrument that was used were 436 nm and spectrophotometer UV-
Vis. A standard curve was constructed using the quercetin standard solution. The total flavonoid
content was determined in terms of milligrams of quercetin equivalents per gram of dry extract.
Equation 1 was used to calculate the total flavonoid content (Departemen Kesehatan Republik
Indonesia, 2017).

% flavonoid = =L X 100%.....ccvvvosvsrvn (1)

C: Concentration of sample solution (mg/mL)
V: Volume of test solution before dilution (mL)
f: Dilution factor

W: Weight of sample test (mg)

Formulation of nanoparticle Syzygium polyanthum

In the formulation process of nanoparticles Syzygium polyanthum (nanoparticle SP), a cross-linking
method was used in which chitosan polymer and sodium tripolyphosphate (STPP) were used as cross-
linkers. The nanoparticle formula was prepared by modifying the previously described method
(Hidayati et al, 2023; Rahayyu et al, 2024). The first step in nanoparticle formulation involved
preparing chitosan at a concentration of 1.4 mg/mL by dissolving it in a 1% acetic acid glacial
solution. Then pH adjusted to 7.4 using 5 M NaOH, resulting in the formation of cationic chitosan.
Syzygium polyanthum extract stock solution were prepared in demineralized water at concentrations of
5,000 ppm and 1.4 mg/mL STPP was prepared with demineralized water. The chitosan: STPP ratio
was 3:1. The extract solution was combined with the chitosan solution to obtain a final concentration
of 2,500 ppm, and the mixture was allowed to incubate for 0.5 hours in the dark. Next, the solution
was mixed at 800 rpm for 3 minutes. Then, STPP was slowly added using a micropipette, stirring the
mixture for 20 minutes (F1), 90 minutes (F2), and 120 minutes (F3) to produce nanoparticles. Then
centrifuged at 14,000 rpm for a duration of 10 minutes. It was used to collect the nanoparticles, then
rinsed with demineralized water, and subjected to sonication for 60 minutes. The Syzygium
polyanthum nanoparticle formula was presented in Table 1.

Table 1. Nanoparticle Syzygium polyanthum extract formulation

Formula Name Stirring time (minutes)
F1 20
F2 90
F3 150

Characterization of nanoparticle Syzygium polyanthum

The Syzygium polyanthum nanoparticles were then characterized by assessing their particle size,
polydispersity index, zeta potential ({ potential), entrapment efficiency, and conducting a release
study.

Particle size and polydispersity index

Zetasizer Nano ZS ZEN3600 was used to analyze particle size and polydispersity index of the
resulting nanoparticle Syzygium polyanthum. The test was carried out in triplicate (Hidayati et al.,
2023; Rahayyu et al., 2024).

¢ potential

Zetasizer® Nano ZS was used to characterize the  potential value of the resulting nanoparticles
Syzygium polyanthum. The test was carried out in triplicate (Hidayati et al., 2023; Rahayyu et al.,
2024).
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Entrapment efficiency (% EE)

The method for determining the entrapment efficiency (% EE) of the resulting nanoparticles SP
was an indirect method using supernatant samples obtained from centrifugation. Quercetin was the
compound observed in the supernatant sample, and it was analyzed using the Chang method (Hidayati,
2021; Morales-Olan et al, 2021). The value of % EE from the nanoparticle was calculated using the
Equation 2.

weight of loaded extract
o EE = Loght of

x
weight of initial extract

Release study

The procedure for conducting an in vitro release study of Syzygum polyanthum nanoparticles was
the dialysis bag method, with simulated blood circulation (phosphate-buffered saline / PBS at pH 7.4)
as the release medium. The SP nanoparticle formulation dispersed in water, then placed inside a
dialysis membrane. The membrane was immersed in 5 mL of phosphate-buffered saline (pH 7.4) kept
at 37+0.5°C and continuously stirred at 100 rpm. At predetermined time intervals (5, 15, 30, 45, 60,
90, and 120 minutes), 1,000 pL samples were taken from the release medium, and the medium was
replaced with 1,000 pL of fresh phosphate-buffered saline (pH 7.4). The collected sample was
analyzed using a spectrophotometer UV-Vis with the Chang method using quercetin as a marker
(Hidayati, 2021).

Data Analysis
The differences in this study were analyzed using a one-way ANOVA in SPSS version 20, with a
significance level set at p < 0.05.

RESULTS AND DISCUSSION
Phytochemical screening test

The phytochemical screening test aimed to qualitatively identify and ascertain the content of
secondary metabolites in the extract of Syzygium polyanthum. The result of the phytochemical
screening test is presented in Table 2. These findings align with previous studies that analyzed the
phytochemicals in Syzygium polyanthum extract (Kusuma et al., 2011; Widyawati et al., 2021;
Widjajakusuma et al, 2019)

Table 2. Phytochemical screening test of Syzygium polyanthum extract

Secondary Metabolite Result
Alkaloid +
Saponin
Kuinon
Flavonoid
Tanin
Triterpenoid

+ + + + +

Determination of total flavonoid content

The colorimetric method is utilized as the keto group at C-4 and the hydroxy group at either C-3 or
C-5 in quercetin are capable of forming a complex with AICl;. The addition of sodium acetate then
stabilizes this complex. Amax OF quercetin is 436 nm, aligning with earlier research showing its peak
wavelength between 380 and 480 nm (Das et al., 2013). The calibration curve of quercetin is shown in
Figure 1 with an R? value of 0.9967.

Quercetin is a flavonoid compound, and the calculation reveals that the total flavonoid content in
the Syzygium polyanthum extract is 0.04%. The Indonesian Herbal Pharmacopoeia standard requires
that the total flavonoid content in the concentrated extract of Syzygium polyanthum leaves be at least
1.14%, expressed as quercetin. The total flavonoid of the dry extract content in this study is smaller
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than the standard for concentrated extracts outlined in the Indonesian Herbal Pharmacopoeia.
Maltodextrin, a common additive in extract powder production, is used in this extract. Other studies
suggest that the total flavonoid content of the extract decreases as the concentration of maltodextrin
increases (Widyawati et al., 2021).

0.8 y=0.0101x - 0,0053 .
it R2=10.9967 N
gos A
g 8
2 0.4 X
E, ¢
0.2
0
0 20 40 60 80 100

Concentration (ppm)

Figure 1. Quercetin calibration curve

Characterization of Syzygium polyanthum nanoparticles

Depending on the preparation method, there are two types of nanoparticles, namely nanospheres
and nanocapsules (Qi et al., 2004). This study produces nanosphere. Chitosan undergoes an ionic
gelation process due to the formation of STPP and cationic chitosan polyanion complexes through
electrostatic energy and the formation of spherical particles (Zargar et al., 2015; Wu et al., 2017).
Some parameters influence the size and stability of chitosan nanoparticles, such as stirring time,
chitosan: STPP mass ratio, chitosan concentration, initial chitosan pH, and NaCl addition in formula
(Antoniou et al., 2015). The variable that is used in this study is stirring time which is F1 (20 min), F2
(90 min), and F3 (150 min). The nanoparticle SP formula is presented in Table 2.

Particle size is an essential parameter that influences the biocompatibility and bioactivity of
nanoparticles. Parameters to indicate nanoparticle homogeneity is polydispersity index, while (
potential shows colloidal stability (Mahmood et al., 2019; Departemen Kesehatan Republik Indonesia,
2017). From the formula that has been made, the size and polydispersity index results of nanoparticles
SP are obtained as shown in Table 3.

In the formulation of Syzygium polyanthum nanoparticle, there are three formulas were used,
namely F1, F2, and F3 where the variable used was the stirring time after cross-linking processes. The
cross-linking process occurs when a mixture of chitosan solution and extract is added drop by drop
with sodium tripolyphosphate (STPP) accompanied by stirring at a speed of 800 rpm. The figure of
Syzygium polyanthum nanoparticle is presented in Figure 2 shows that the formula formed has a clear
colloidal form and a yellowish color.

Table 3. Size and polydispersity index of nanoparticle of Syzygium polyanthum extract

Formulas Size (nm) Polydispersity Index
F1 257 £ 6.68 0.383+£0.04
F2 232 £2.54 0.333+£0.02
F3 303 +£1.30 0.242 +0.01

Based on Table 3, the result of the size is all of the formulas have a size <300 nm. The statistical
result of the size of SP nanoparticle is no significant difference between the three formulas. The best
formula in this study regarding size is F2 because it has the smallest size. F2 is statistically
significantly different from F1 and F3 (p<0.05). In the stirring process, the variables that can affect the
results of the nanoparticle size obtained are the stirring speed and stirring time. In this study, the

Nanoparticle formulation of ... (Hidayati et al.,)



128 ISSN: 2088 4559; e-ISSN: 2477 0256

variable used was the length of the stirring process, where the duration of stirring F1, F2, and F3 was
20 minutes, 90 minutes, and 150 minutes respectively. The stirring speed and sonication time were
kept constant, namely 800 rpm and 60 minutes respectively. Chitosan nanoparticles with a size < 1000
nm have been proven to have therapeutic effects, such as antihyperlipidemic effect (Zhang et al., 2011:
Tao et al., 2011). F1, F2, and F3 have the potential to give a good therapeutic effect, especially the
antihyperlipidemia effect because its size is less than 1000 nm.

Figure 2. Nanoparticle Syzygium polyanthum

The polydispersity index values obtained in F1, F2, and F3 are presented in Table 3. This value
indicates that this formulation has good homogeneity because it has a value of less than 0.5. The
polydispersity index of F2 and F3 is significantly different. In addition, the polydispersity index value
indicates that the distribution of nanoparticles is monodispersed with little variation and no aggregate
formed (Mahmood et al., 2019; Kementrian Kesehatan Republik Indonesia, 2019).

The next characterization performed is the measurement of the potential. The sample selected for
the { potential test is the best formulation, which has the smallest particle size, a favorable
polydispersity index, and optimal manufacturing efficiency in terms of mixing time. This sample is
sample F2 because it has the smallest particle size among the three formulas and has a polydispersity
index because it has a value of less than 0.5, and the stirring time is shorter than F3. It should be
written in one paragraph with the previous sentencein Table 4. These results suggest that the particle
dispersion is stable, as it has a { potential value exceeds +30 mV or below than -30 mV, which is
attributed to the electrostatic forces among the particles. The presence of a positive charge originating
from chitosan causes a positive value in the { potential analysis of nanoparticles (Mahmood et al.,
2019).

Table 4. { potential nanoparticle Syzygium polyanthum

Formula  ( potential (mV) Average of { potential (mV)
F2 31.0 30.9+0.416
31.2
30.4

Entrapment efficiency

The entrapment efficiency test is one of the characterizations that needs to be done to find out how
much concentration of the extract is entangled in the nanoparticle system. The entrapment efficiency is
greatly affected by the solubility of the drug within the matrix or polymer used, which is influenced by
the molecular weight, interactions between the drug and the polymer, polymer composition, and the
presence of functional groups in the drug (ester or carboxyl group) (Wu et al., 2017).

Entrapment efficiency of nanoparticle Syzygium polyanthum was determined by measuring the
amount of Syzygium polyanthum extract that was not entangled by nanoparticles by calorimetry
(Chang Method) using AICI3 modified by the spike method and using quercetin as a standard
comparison and the method for determining entrapment efficiency used was the determination of total
flavonoids referring to the provisions of the Pharmacopoeia Indonesian Herbs.
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The stages of carrying out this entrapment efficiency test are the preparation of a quercetin standard
curve followed by an analysis of the test sample which is the supernatant from the centrifugation
results in the nanoparticle manufacturing process. The quercetin calibration curve in this study is
described in Figure 1 while the entrapment efficiency values for each formula are described in Table 5.
The standard quercetin curve obtained in this study is included in the good category because the value
of the differentiation coefficient is close to 1.

Table 5. Entrapment efficiency of nanoparticle Syzygium polyanthum

Formula Entrapment Concentration of trapped
efficiency (%) extract (ppm)
F1 48.18 1204
F2 64.19 1605
F3 67.48 1687

Entrapment efficiency is defined as the ratio of the active compounds trapped within the
nanoparticle to the total active compounds incorporated into the formula (Vrignaud et al., 2011). The
value of entrapment efficiency of nanoparticles range between 22% and 100% (Mattu et al., 2013).
Drug solubility in a matrix or polymer affects the entrapment efficiency, which is influenced by
molecular weight, polymer concentration. functional group in the drug, and drug-polymer interaction
(Wu et al., 2017). Entrapment efficiency obtained in this research was in the range of 48.18 - 67.48%.
The initial extract concentration used in this nanoparticle formulation is 2,500 ppm. Syzygium
polyanthum concentration that is enclosed in the nanoparticles is 1,204 ppm (F1), 1,605 ppm (F2), and
1,687 ppm (F3). Colorimetry is utilized to quantify the free extract, which is present in the supernatant
after the nanoparticles are purified through centrifugation.

Release study of nanoparticle Syzygium polyanthum

The release study of nanoparticle SP is one of characterization to ensure the extract that is
entrapped in the nanoparticle can be released from the system and produce therapeutic effects. The in
vitro release behavior of nanoparticle SP uses phosphate-buffered saline (PBS) pH 7.4 as the release
medium at body temperature (37°C) with stirring at 100 rpm (Rizvi et al., 2019). Figure 3 explains the
release profile of nanoparticle Syzygium polyanthum for 5-120 min.
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Figure 3. Release profile of Syzygium polyanthum nanoparticle

All of the formulas have good release profiles indicating that 64-82% of extract concentration can
be released from the system in 120 min which release profiles of F1, F2, and F3 are 82 + 3%, 74 + 4%,
and 64 = 5% respectively. The formula that shows the best release profile is F1 which has a higher
release percentage of extract. After release from the system, the extracts can start to play their role in
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producing therapeutic effects. Therapeutic effects that potential can be produced by this formula are
antihyperlipidemia and antihypertension, but this effect need to be proven with further study.

CONCLUSION

The formulas F1, F2, and F3 nanoparticle Syzygium polyanthum have good characteristics which is
the best formula was F2 because it has the smallest particle size among the three formulas, good
polydispersity index (less than 0.5), more efficient stirring time, good entrapment efficiency and has
good release pattern. The safety and effectiveness of Syzygium polyanthum nanoparticles need to be
further evaluated in the next study.
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