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ABSTRACT

Objective: Phyllanthus emblica L. fruit, rich in phenolic content, has been traditionally used for its medicinal properties, including antibacterial and
anti-inflammatory effects. This study aimed to formulate and evaluate the antibacterial and anti-inflammatory activities of nanosimplicia derived
from Phyllanthus emblica L. fruit in suspension form. The objectives were to determine the optimal formulation method based on physical stability
and bioactivity and assess the resulting suspension's stability and therapeutic efficacy.

Methods: Nanosimplicia were prepared using ionic gelation, with varying concentrations of chitosan and sodium tripolyphosphate. The optimal
formulation was selected based on the highest stability and bioactivity performance. The formulation was evaluated for physical stability, pH,
organoleptic properties, and bioactivity against Staphylococcus aureus and Escherichia coli. Anti-inflammatory activity was assessed using the
protein denaturation inhibition method with Bovine Serum Albumin (BSA).

Results: The optimal suspension formula (F3), consisting of 200 mg/ml nanosimplicia, 0.25% chitosan, and 0.1% sodium tripolyphosphate,
exhibited significant antibacterial activity, with inhibition zones of 15.66 mm for Staphylococcus aureus and 15.53 mm for Escherichia coli (p<0.05).
The anti-inflammatory activity showed 29.70% inhibition at 5 mg/l. F3 was chosen as the optimal formulation due to its superior bioactivity and
stability over 30 d, maintaining a pH of 5-6 and stable organoleptic properties.

Conclusion: Phyllanthus emblica L. fruit nanosimplicia in suspension form demonstrated potent antibacterial and anti-inflammatory properties,

making it a promising candidate for therapeutic applications targeting bacterial infections and inflammation.
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INTRODUCTION

Phyllanthus emblica L. fruit has a sour taste and functions as a
cooling, astringent, rejuvenating, and antipyretic. It is also a
traditional medicine to treat sore throat, cough, dry mouth,
diarrhoea, jaundice, inflammation, diabetes mellitus, constipation,
and asthma. Phyllanthus emblica L. fruit is a significant fruit and herb
commonly utilized in traditional medicine, such as Chinese herbal
therapy. Phyllanthus emblica L. fruit is traditionally used as a
medicine and tonic [1, 2].

Phyllanthus emblica L. is a traditional medicinal plant belonging to
the genus Phyllanthus, commonly cultivated in tropical and
subtropical regions. The chemical components of the fruit are
polyphenols, carbohydrates, proteins, and minerals, considered
important bioactive compounds underlying its antioxidant and anti-
inflammatory capacity. The fruit of Phyllanthus emblica includes
phenolic  chemicals, including geraniin, quercetin 3-B-D-
glucopyranoside, kaempferol 3-B-D-glucospiranoside,
isochocorlagin, quercetin, and kaempferol. Apeganine compounds
and ascorbic acid have also been found in Phyllanthus emblica [3, 4].

In recent years, nanosuspension technology has emerged as a
promising approach in drug delivery systems, particularly for
enhancing the bioavailability of plant-derived bioactive compounds.
Nanosuspensions offer several advantages, including increased
surface area, improved solubility, enhanced absorption, and more
efficient drug delivery to targeted cells. Studies have shown that
nanosuspensions can enhance the therapeutic potential of both
synthetic and natural drugs. However, despite the growing interest in
this technology, limited research has focused on nanosuspensions
formulated from traditional medicinal plants like Phyllanthus emblica,
especially their antibacterial and anti-inflammatory activities [5, 6].

One innovative approach in this field is using nanosimplicia
technology, where plant-derived particles, ranging in size from 1 to

1000 nanometers, are prepared to improve poor bioavailability,
modify drug delivery systems, increase the stability of active
substances, and enhance absorption. The primary goal of
nanosimplicia design is to isolate and preserve the chemical
compounds of Phyllanthus emblica fruit, thereby maximizing their
biological activity. As the particle size decreases, the surface area
increases, leading to faster dissolution rates, improved drug
absorption, and targeted delivery to specific cells. Nanosimplicia can
be formulated into suspension preparations, where the active
particles are dispersed in a solvent without damaging their chemical
content. This makes nanosimplicia technology a viable option for
optimizing drug delivery, especially in oral and topical formulations
and offers a promising avenue for developing plant-based
therapeutic agents [3, 4].

Nanosimplicia suspensions, dispersions of tiny solid particles in a
liquid medium for oral or topical use, differ from ordinary
suspensions due to their particle size distribution, typically below 1
um, with an average size ranging between 200 and 600 nm. These
nanosuspensions offer superior bioavailability and stability
compared to traditional formulations, making them an ideal dosage
form for delivering active plant-derived compounds. Previous
studies have demonstrated that plant-based nanosuspensions can
significantly enhance antibacterial and anti-inflammatory activities.
However, the specific bioactivity of Phyllanthus emblica
nanosimplicia suspensions has not been thoroughly investigated,
presenting a research gap in optimizing such formulations. Testing
the antibacterial and anti-inflammatory activities of Phyllanthus
emblica nanosimplicia suspensions in vitro has shown promising
results, but further comprehensive studies are needed to fully
understand their therapeutic potential and refine their formulation
for maximum efficacy [5, 6].

Bacterial infection occurs when germs invade and harm human
tissue. Gram-positive bacteria, such as Staphylococcus aureus, and g-
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negative bacteria, such as Escherichia coli, are the types of bacteria
that cause infection. Inflammation is a characteristic of an infection.
Inflammation is an immunological reaction that acts as a defence
mechanism in response to an injury. Inflammation triggers the
production of inflammatory chemicals that form free radicals at the
site of inflammation. These free radicals, such as hydroxyl radicals,
superoxide anion radicals, and hydrogen peroxide, function as
signalling molecules and agents of inflammation. Excessive levels of
Reactive Oxygen Species (ROS) during severe inflammatory
conditions can lead to oxidative stress and tissue damage, hence
playing a role in the development various inflammatory diseases [6].

Treatment of infectious diseases can use antibiotics, but
inappropriate use of antibiotics can cause resistance, so traditional
medicine becomes an alternative that can be used, one of which is by
utilizing plants as drugs that can help deal with health problems. As
a drug has a minimal effect compared to synthetic drugs with a more
significant effect, but the cost is relatively expensive, many people
prefer to use plants as medicine [7].

This study addresses this gap by evaluating the antibacterial and
anti-inflammatory activities of Phyllanthus emblica nanosimplicia
suspensions. The primary objective is to formulate an optimal
suspension and test its bioactivity against Staphylococcus aureus and
Escherichia coli. The secondary objectives are to assess the
suspension's physical stability (pH, organoleptic properties) over 30
d and its anti-inflammatory potential using the protein denaturation
inhibition method with BSA.

MATERIALS AND METHODS
Chemicals and reagents

The tools used in this study were glassware such as beaker glass
(Iwaki), Erlenmeyer (Iwaki), measuring cups (Pyrex), and petri
dishes. The instruments used were an incubator (Memmert IN55),
analytical balance (Fujitsu FS-AR 210), autoclave (Daihan WAC-47),
oven (Memmert UN55), UV-Vis spectrophotometry (Shimadzu-
1800), Fourier Transform Infra Red Spectrophotometer (Shimadzu-
IR Prestige 21) and micropipette (Eppendorf).

The materials and reagents used in this study were pro-analytical
quality materials and reagents obtained from Merck and Sigma-
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Aldrich, such as chitosan, sodium tripolyphosphate, dimethyl
sulfoxide, acetic acid, Mueller-Hinton Agar (MHA), Nutrient Agar
media, Nutrient Broth media, BSA and methanol. Other ingredients
such as diclofenac sodium, distilled water, Staphylococcus aureus
and Escherichia coli bacteria were obtained from the USU faculty of
pharmacy laboratory, and the fruit of Phyllanthus emblical.,
collected from Badung District, Bali. Sample identification was
conducted at the Medanense Herbarium, specifically at the
Herbarium Laboratory of the Faculty of Mathematics and Natural
Sciences of Universitas Sumatera Utara (5581/MEDA/2021). The
sampling was performed purposively, without comparison to other
plants. The collected fruits were thoroughly washed with running
water to remove impurities and then dried at 40-50 °C until they
became brittle. Once dried, the Phyllanthus emblica fruit, now called
Simplicia, was pulverized using a blender. The resulting powder was
stored in an airtight plastic container to maintain stability and
prevent contamination.

Nanosimplicia preparation

Simplicia powder was grounded using a high-energy ball mill at 400
rpm for 8 h. The manufacture of nanosimpliciaPhyllanthus emblica
was carried out at PT—Indonesian Herbal Nanotech. The
nanosimplicia characterization of Phyllanthus emblica fruit was
carried out using a Particle Size Analyzer at PT. Indonesian Herbal
Nanotech is characterized using FTIR and SEM.

Suspension preparation

In the suspension formulation, the composition of the ingredients in
the suspension was taken from previous studies. The researcher
manufactured and evaluated chitosan-sodium tripolyphosphate
nanosimplicia suspensions based on previous research.
Furthermore, this study modified the formula from arozal et al
(2021) by adding Phyllanthus emblica fruit nanosimplicia as an
active ingredient. However, a preliminary test was conducted to
determine the best material composition to obtain a stable
suspension. Preliminary tests were conducted with variations in the
concentration of chitosan and sodium tripolyphosphate [8]. The
percentage composition of the ingredients in the suspension
formulation modified from arozal et al. (2021) research, based on
the orientation of the formula, can be seen in table 1.

Table 1: Composition of materials in the suspension of Phyllanthus emblica fruit nanosimplicia

Ingredient Formula

F1 F2 F3 F4 F5 F6
Chitosan (%) 0.25 0.25 0.25 0.5 0.5 0.5
Sodium Tripolyphosphate (%) 0.1 0.1 0.1 0.1 0.1 0.1
Phyllanthus emblica Fruit Nanosimplicia (mg/ml) 100 150 200 100 150 200

A solution of chitosan in 1% acetic acid and sodium
tripolyphosphate in distilled water was created by stirring with a
magnetic stirrer for 8 h and sonicating for 40 min. Nanosimplicia
were added to the sodium tripolyphosphate solution using a
magnetic stirrer. A solution of chitosan was combined with
nanosimplicia and sodium tripolyphosphate using a 1 ml syringe ata
dropping rate of 15 drops per minute. The ratio of chitosan to
sodium tripolyphosphate was 2:1. The solution was agitated for 8 h
and treated with ultrasound for 45 min [8].

Evaluation of physical quality of preparations

Physical quality testing of suspension preparations includes the
organoleptic examination of the suspension carried out by assessing
changes in shape, colour, and odour for 30 d. The suspension
sedimentation examines a centrifuge, and the pH is measured using
a pH meter [9].

Antibacterial activity test

Placed bacterial inoculum onto a petri dish, followed by 15 ml of
thawed sterile MHA, waited until the temperature reached 45 °C,
mixed the contents, and let them set. After the media has solidified,
the paper discs dropped on each test sample are placed. The

concentrations of nanosimplicia used were 100, 150, and 200
mg/ml, the concentration of the chitosan-sodium tripolyphosphate
suspension used were variations in the concentration of chitosan
0.25% and 0.5%, and the concentration of sodium tripolyphosphate
0.1%. Blanks were prepared using dimethyl sulfoxide without
positive control. The concentrations of the Phyllanthus emblica fruit
nanosimplicia suspension used were 0.25% and 0.5% chitosan
concentrations, 0.1% sodium tripolyphosphate concentrations, and
100, 150, and 200 mg/ml variations in the concentration of
nanosimplicia then incubated at 36-37 °C for one day. Furthermore,
the inhibition area around the paper disc was measured using a
capillary [10].

Anti-inflammatory activity test

Phyllanthus emblica fruit nanosimplicia suspension of about 500 mg
was dissolved in 25 ml (20,000 mg/1) and then diluted to 1000 mg/1
for each sample (test solution). 100 mg of diclofenac sodium was
dissolved in methanol and diluted to 25 ml (4,000 mg/l), then
further diluted to concentrations ranging from 500 to 4,000 mg/1 to
serve as the positive control solution. For the test and positive
control solutions, 0.2% BSA solution was prepared by adding 5 ml
(10 mg/1) for each suspension concentration and diclofenac sodium
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concentrations of 5, 10, 20, and 40 mg/1. After 30 min of incubation
at 25 °C, the samples were heated at 72 °C for 5 min and then cooled
to 23 °C for another 25 min. The absorbance was measured using
UV-Vis spectrophotometry at 660 nm. The anti-inflammatory
activity test was performed in triplicate to ensure reliability.
Compounds that inhibit protein denaturation by more than 20%
have significant anti-inflammatory properties and can be used as
reference values for drug development [11].

The percentage of protein denaturation inhibition was measured
using the following formula:

absorbance of negative control=absarbance of test selution

“%inhibition absorbance of negative contral

X 100%

This method is based on the principle that protein denaturation is a
crucial indicator of inflammation, and compounds that prevent this
denaturation can be effective anti-inflammatory agents.

Statistical analysis

Data were analyzed using one-way ANOVA followed by Tukey's
post-hoc test to compare antibacterial and anti-inflammatory
activities across different nanosuspension concentrations. A sample
size of n=3n = 3n=3 per group was chosen based on power analysis
from prior studies to ensure sufficient power (0.80) for detecting
medium effect sizes at a significance level of 0.05. Results are
presented as meantstandard deviation (SD) with statistical
significance set at p<0.05p<0.05p<0.05, and 95% confidence
intervals (CI) provided to enhance result reliability. Assumptions of
normality and homogeneity of variances were tested using the
Shapiro-Wilk and Levene's tests, with non-parametric methods
applied if assumptions were violated. Statistical analyses were
conducted using SPSS to ensure accuracy and reproducibility.

Nanosimplicia

Simplicia fruit Phyllanthus emblica sent to PT. Nanotech Herbal

100
%T
80
60
29
2 |
40 5
5
s o~
20 z &

4000 3500 3000 2500 2000 1750 1500

-
,
$

1726.29

Int ] App Pharm, Vol 17, Issue 2, 2025, 376-383

Indonesia so that becomes nano size, and the size of the
nanosimplicia obtained is 731+168 nm. Nanosimplicia are particles
measuring 1 - 1000 nanometers, and so based on this statement, the
measurement results show that the simplicia of Phyllanthus emblica
fruit is in the nanosimplicia size range.

usu HL D7,3 x300

300 um

Fig. 1: Morphological results of nanosimplicia using SEM

The FTIR study findings are shown in fig. 2. Wave number 3304
cm-1 represents the stretching frequency of the -OH functional
group, while 2902 cm-1 represents the -C-H functional group. The
-C=0 functional group has a stretching frequency of 1726 cm-1, the
C-0 (carbonyl) functional group has 1612 cm-1, and the -C- 0-C
functional group has 1341 cm-1.
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Fig. 2: FTIR spectra of nanosimplicia

Suspension preparations

This suspension was made with variations of 0.25% and 0.5%
chitosan  concentrations, 0.1%  sodium tripolyphosphate
concentrations, and variations in the concentration of nanosimplicia
100, 150, and 200 mg/ml and then evaluated, the physical quality of
the suspension concentration variations and the antibacterial effect
of the suspension.

Evaluation of physical quality of preparations

Based on the results of organoleptic observations, there were no
significant changes during the observation and storage of the

preparations. The preparation's form, colour, and odour are stable,
whereas all formulas F1 - F6 have a liquid, brown form and a
characteristic odour from days 1 - 30. The organoleptic suspension
on the 1st d and storage until the 30t d can be seen in fig. 3. The
sedimentation test was carried out using a centrifuge at a speed of
6000 rpm for 2 h, and the sediment that occurred was observed. The
test results showed that all formulas did not experience
precipitation.

The results of measuring the pH of the suspension preparation at
week 0 can be seen in table 2. The pH test of the formula has a pH
range of 5.2-5.3, and the optimum suspension pH is 5-6 [4, 12].
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F4 F5 F6

Fig. 3: Preparation of suspension on day one and storage up to day 30

Table 2: Results of determination of pH

Formula pH

F1 5.24+0.16
F2 5.23+0.11
F3 5.2+0.12
F4 5.3+0.17
F5 5.27+010
Fé6 5.25+0.14

n = 3; values are expressed as mean+SD

Antibacterial activity of Phyllanthus emblica fruit nanosimplicia

Phyllanthus emblica fruit nanosimplicia were dispersed in distilled
water and tested for antibacterial activity. The results of the
antibacterial activity test of nanosimplicia with varying

concentrations of nanosimplicia 100, 150, and 200 mg/ml against
the growth of Staphylococcus aureus and Escherichia coli bacteria
can be observed in table 3.

Antibacterial activity of chitosan-sodium tripolyphosphate
suspension

The findings from the antibacterial activity test of the chitosan-
sodium tripolyphosphate suspension (0.25%) and chitosan (0.5%)
on the growth of Staphylococcus aureus and Escherichia coli bacteria
can be observed in table 4.

Antibacterial activity of nanosimplicia suspension

The antibacterial of the suspension of Phyllanthus emblica fruit
nanosimplicia with variations in the concentration of nanosimplicia 100,
150, and 200 mg/ml against the growth of Staphylococcus aureus and
Escherichia coli bacteria can be observed in table 5 and fig. 4.

Table 3: Test result for antibacterial activity of fruit nanosimplicia Phyllanthus emblica

Phyllanthus emblica fruit nanosimplicia concentration _Inhibition zone diameter (mm)

(mg/ml) Staphylococcus aureus Escherichia coli
100 10.5+0.6 10.06+0.56
150 11.8+0.4 11.23+0.17
200 12.8+0.3 12.13+£0.67

Blank (dimethyl sulfoxide) -

n = 3; values are expressed as mean+SD

Table 4: Test result for antibacterial activity of chitosan-sodium tripolyphosphate suspension

Chitosan concentration (%)

Inhibition zone diameter (mm)

Staphylococcus aureus

Escherichia coli

0.25 11.76+0.16
0.5 10.660.14

11.4+0.4
10.4+0.3

n = 3; values are expressed as mean+SD

Table 5: Test result for antibacterial activity of nanosimplicia suspension

Formula Inhibition zone diameter (mm)
Staphylococcus aureus Escherichia coli

F1 14.23+0.23 14.06+0.44

F2 15.3+0.1 14.9+0.1

F3 15.66+0.16 15.53+0.27

F4 12.1+0.4 11.7+0.1

F5 13.26+0.56 12.86+0.44

F6 13.66+0.36 13.6+0.5

n = 3; values are expressed as mean+SD
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Fig. 4: Result for antibacterial activity of nanosimplicia suspension, n = 3; values are expressed as mean +SD

F4 F5 Fé6
A

Fig. 5: Test result for antibacterial activity of Phyllanthus emblica fruit nanosimplicia suspension against Staphylococcus aureus (A) and
Escherichia coli (B) bacteria

The antibacterial activity of Phyllanthus emblica fruit nanosimplicia
was tested, revealing that nanosimplicia exhibited inhibitory effects
against Staphylococcus aureus and Escherichia coli bacteria. For
Staphylococcus aureus, the inhibitory diameters were 10.5, 11.8, and
12.8 mm at 100, 150, and 200 mg/ml concentrations, respectively.
For Escherichia coli, the inhibitory diameters were 10.06, 11.23, and
12.13 mm at 100, 150, and 200 mg/ml, respectively.

Anti-inflammatory activity of Phyllanthus emblica fruit
nanosimplicia suspension

Anti-inflammatory activity was tested against protein denaturation
by adding BSA solution. This method reduces the use of live
specimens in the drug development process, as denaturation occurs
when BSA is heated. Compounds that can stabilize proteins from the
protein denaturation process are potential anti-inflammatory
agents. There was an interaction between BSA and the active
substance in the compound, resulting in the binding of the active
substance with amino acids such as tyrosine, threonine, and lysine.
When the active substance attaches to BSA, it stabilizes the protein
structure and prevents BSA denaturation [13, 14].

Diclofenac sodium was used as a positive control due to its well-
documented ability to inhibit the cyclooxygenase-2 (COX-2)
isoenzyme more effectively than other NSAIDs. This inhibition
reduces the production of prostaglandins, the mediators of
inflammation, and lowers the intracellular concentration of free
arachidonic acid in leukocytes. At concentrations of 5 mg/1, 10 mg/l,
20 mg/]l, and 40 mg/], diclofenac sodium demonstrated protein
denaturation inhibition percentages exceeding 20%, confirming its
anti-inflammatory solid activity (table 6). This benchmark allows for
a direct comparison with the Phyllanthus emblica fruit
nanosimplicia suspension, which exhibited a protein denaturation
inhibition of 26.17% at 10 mg/1 [15]. While the anti-inflammatory
activity of the nanosimplicia suspension is lower than diclofenac
sodium, it aligns well with other plant-based anti-inflammatory
agents reported in the literature. For instance, curcumin-based
nanosuspensions have demonstrated comparable inhibition levels,
reinforcing the therapeutic relevance of Phyllanthus emblica as a
natural anti-inflammatory agent. Additionally, the nanosuspension's
ability to inhibit protein denaturation highlights its potential as a
safer, plant-based alternative to synthetic NSAIDs, particularly for
patients requiring long-term therapy with minimal side effects [12].

Table 6: Anti-inflammatory activity

Concentration Absorbance Percent Inhibition (%)
Negative Control 2.380+0.043 0.00+1.36

Positive Control 5 mg/1 2.149+0.018 29.70+1.08

Positive Control 10 mg/1 2.092+0.017 42.10+1.72

Positive Control 20 mg/1 2.081+0.022 47.56+0.78

Positive Control 40 mg/1 2.063+0.031 53.31+1.08

Suspension 10 mg/1 2.233+0.011 26.17+1.23

n = 3; values are expressed as mean+SD
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DISCUSSION

The SEM results in fig. 1 display an irregular surface shape, uneven
surface texture, and the presence of sharp and obtuse corners with
particle sizes below 300 pm. Larger particles up to 1000 pm were
also observed. This indicates that the milling process, while
effective, may still leave larger particulates that could affect
suspension uniformity, though they remain within the acceptable
nanosimplicia size range (1-1000 nm) as stated in the literature.
Identifying functional groups in P. emblica fruit simplicial
nanosimplicia indicates polyphenolic compounds, pectin, and
vitamin C. These bioactive compounds are critical contributors to
the antibacterial and anti-inflammatory effects observed, as phenolic
compounds have been well-documented for their ability to disrupt
bacterial membranes and modulate inflammatory pathways.

In this study, the suspension was prepared using the ionic gelation
method. This suspension formation method is based on electrostatic
interactions between the amine groups of chitosan and the negative
charge of polyanion groups such as tripolyphosphate. This technique
offers a simple way. First, chitosan can be dissolved in acetic acid
without a stabilizer that can be added to the chitosan solution before
or after adding polyanions. The polyanion or anionic polymer is then
added, and the nanosimplicia form spontaneously under mechanical
stirring at room temperature [16].

The organoleptic examination helps determine the suspension
preparations' shape, colour, and odour. An organoleptic assessment
was conducted over a 30 d to observe any alterations in the
suspension formulation's form, hue, and scent while in storage.
Storage conditions for suspension preparations in transparent
plastic containers stored in a cupboard at 30+2 °C and humidity
75+5%. There are many considerations in developing and
manufacturing an excellent pharmaceutical suspension. One thing to
note is that a properly prepared pharmaceutical suspension settles
slowly and should flatten again when shaken. Various factors are
involved in the rate of settling velocity of suspended particles,
namely the gravitational constant, particle diameter, density of the
dispersed phase, density of the dispersion medium, and viscosity of
the dispersion medium [9]. The stability of the suspension, in terms
of both physical appearance and pH, suggests that the formulation is
robust enough for long-term storage, which is crucial for its
potential pharmaceutical application.

In terms of the quality of growth inhibition, the criteria for
antibacterial strength stated that an inhibition zone diameter of 5
mm or less had a weak category of antibacterial activity, 5-10 mm in
the medium category, 10-20 mm in the strong category, and an
inhibition zone diameter of 20 mm or more in the category very
strong [17] Nanosimplicia has a large surface area that allows
contact with higher walls of microorganisms. Nanosimplicia will
approach the bacterial cell membrane and penetrate the bacterial
cell during diffusion [18].

Table 4 demonstrates an inverse relationship between the
concentration of chitosan and the diameter of the inhibition zone: as
the concentration of chitosan increases, the diameter of the
inhibition zone decreases. This is attributed to the increase in
particle size of the nanosimplicia suspension with higher chitosan
concentrations, which reduces the suspension's antibacterial
activity. Several hypotheses are being developed to explain the
antibacterial mechanism of chitosan. One hypothesis suggests that
chitosan has a strong affinity for microbial DNA, allowing it to bind
to DNA and subsequently interfere with mRNA and protein
synthesis. The antimicrobial efficacy of chitosan against bacteria or
microorganisms is influenced by its molecular weight and degree of
deacetylation-higher molecular weight and degree of deacetylation
correlate with increased antimicrobial activity [19].

Chitosan's amine functional group (-NHz) is positively charged and
highly reactive, facilitating its attachment to the negatively charged
bacterial cell wall. This attachment occurs at electronegative sites on
the bacterial cell wall's surface, disrupting cell membrane integrity
and leading to bacterial cell death. The -NH2 group can also bind
Ca%*ions in the bacterial cell wall, forming a coordinating covalent
link, further disrupting the cell wall structure. Gram-negative
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bacteria, which possess lipopolysaccharides in their outer layer, are
particularly susceptible to chitosan due to their negative charge. The
concentration of chitosan also affects the particle size of the
nanosimplicia suspension. A higher concentration of chitosan results
in larger particles, which can reduce the diffusion of the active
antibacterial agents, thereby diminishing their efficacy. This explains
the observed decrease in antibacterial activity with increasing
chitosan concentration [20, 21].

Furthermore, the-NHz group can bind Ca?*minerals in the bacterial
cell wall by generating a coordinating covalent link due to its lone
pair  of electrons. Gram-negative  bacteria  possessing
lipopolysaccharide in their outer layer have a negative charge and
are susceptible to chitosan [14]. The concentration of 0.5% chitosan
has a lower inhibitory power. This happens because the chitosan
content of 0.25% concentration is less than 0.5% concentration
(thicker), so the diffusion process of 0.25% concentration is better
than 0.5% concentration and can suppress bacterial growth. The test
is also affected by how quickly the antibacterial works [20, 21].

Table 5 and fig. 4 demonstrate that the antibacterial activity is
directly proportional to the concentration of nanosimplicia, with
higher concentrations resulting in larger inhibition zones. The
nanosimplicia formulation at 200 mg/ml was particularly effective,
demonstrating inhibition zones of over 15 mm. These results are
consistent with other studies showing increased antibacterial
efficacy with higher concentrations of plant-based nanosuspensions.

The active compounds in nanosimplicia and the chitosan coating
may effectively inhibit microbial growth. Chitosan has significant
potential as an antibacterial agent due to the presence of lysozyme
enzymes and amino polysaccharide groups that can inhibit microbial
growth. Modern studies have shown that Phyllanthus emblica L.
possesses notable antioxidant, anti-inflammatory, antibacterial, and
hepatoprotective properties [19, 22].

According to the Indonesian Pharmacopoeia Edition VI (2020), an
effective suspension concentration for bacterial inhibition comprises
100 mg/ml nanosimplicia, 0.25% chitosan, and 0.1% sodium
tripolyphosphate. This formulation demonstrated an inhibition zone
diameter of 14.23 mm for Staphylococcus aureus and similar
effectiveness against Escherichia coli at the same concentrations [23].

Regarding variability, the inhibition zone's SD was relatively small
(#0.3 mm for both bacteria), indicating good consistency in the
results. However, minor variability could be attributed to differences
in the uniformity of bacterial inoculum on the agar plates and the
precise placement of the paper discs. All tests were performed in
triplicate to minimise such errors, and careful attention was given to
standardizing the experimental conditions.

The anti-inflammatory effect observed with the nanosimplicia
suspension is comparable to other studies on plant-derived anti-
inflammatory agents. For instance, similar levels of protein
denaturation inhibition have been reported in studies involving
herbal formulations such as curcumin-based nanosuspensions. The
lower inhibition is expected compared to diclofenac sodium, as
synthetic non-steroidal anti-inflammatory drugs typically have more
potent effects due to their specific action on COX-2 enzymes.
Nonetheless, the results suggest that Phyllanthus emblica
nanosimplicia could offer a natural alternative with fewer side
effects compared to synthetic NSAIDs, making it relevant for further
exploration as a therapeutic agent.

The Phyllanthus emblica fruit nanosimplicia suspension
demonstrated a 26.17% inhibition of protein denaturation at a
concentration of 10 mg/l. This indicates that the nanosimplicia
suspension  possesses anti-inflammatory properties, albeit
somewhat less than diclofenac sodium. The results suggest that
nanosimplicia from Phyllanthus emblica L. fruit can be a natural
alternative for anti-inflammatory treatment, potentially reducing
reliance on synthetic drugs and their associated side effects [13, 14].

The relevance of these findings becomes even more apparent when
considering the growing interest in developing safer and more
sustainable therapeutic options. Herbal-based nanosuspensions, like
the one studied here, offer a viable alternative to synthetic drugs,
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especially for patients requiring long-term anti-inflammatory
therapy with fewer adverse effects. The comparison with other
plant-based formulations, such as curcumin nanosuspensions,
reinforces the conclusion that nanosuspension technology can
significantly improve the bioactivity of natural compounds. Future
research should focus on refining the nanosimplicia preparation
process to further reduce particle size and improve uniformity, as
this could potentially enhance antibacterial and anti-inflammatory
effects [24, 25].

CONCLUSION

This study successfully formulated Phyllanthus emblica L. fruit
nanosimplicia in suspension form using ionic gelation, demonstrating
significant antibacterial activity against Staphylococcus aureus and
Escherichia coli, along with moderate anti-inflammatory potential
(26.17% inhibition of protein denaturation). The nanosimplicia
technology enhanced the bioavailability and efficacy of the natural
compounds, with the suspension remaining stable over 30 d. This is
the first application of ionic gelation for Phyllanthus emblica
nanosimplicia, offering a novel delivery system for plant-based
bioactive compounds. While the in vitro results are promising, future
in vivo studies are necessary to confirm clinical relevance and
refinements in particle size uniformity and sample sizes will further
strengthen the findings. These results suggest a potential for
Phyllanthus emblica nanosimplicia in natural therapeutic agents for
bacterial infections and inflammation.
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