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Abstract - The antimicrobial properties of Anethi Aetheroleum-containing solid lipid nanoparticles (SLNs)
were investigated in this work. The powerful antibiotic Anethi Aetheroleum is derived from the essential
oil of Anethum graveolens. As a result of their capacity to encapsulate bioactive chemicals more
effectively and with greater stability, solid lipid nanoparticles are being considered as possible drug
delivery vehicles. The primary objective of this research was to determine if SLNs containing Anethi
Aetheroleum had any antibacterial effect on a set of pathogenic microorganisms. A modified
emulsification-evaporation process was used to generate solid lipid nanoparticles loaded with Anethi
Aetheroleum. The physicochemical characterization of the SLNs was done to evaluate their shape, zeta
potential, and particle size. Common microbiological procedures for determining if SLNs generated have
antibacterial activity include agar well diffusion and broth micro dilution. Researchers tested both pure
Anethi Aetheroleum and SLNs loaded with the compound to see which one was more effective against
germs. Conclusions SLN encapsulation of Anethi Aetheroleum improved stability and enabled controlled
release. Furthermore, it was shown that SLNs had significantly more potent antibacterial activity
compared to pure Anethi Aetheroleum. Strong antibacterial actions against Gram-positive and Gram-
negative bacteria showed that the SLNs had a broad-spectrum effect.
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1. INTRODUCTION

Antibiotic resistance has recently surfaced as a major
issue in world health, leading researchers to seek out
new antimicrobial medications and ways to administer
them. Natural chemicals, with their diverse chemical
compositions and potential medicinal properties, have
garnered considerable interest in this context (Ling Z.,
2018). Essential oil from the seeds of Anethum
graveolens, commonly known as dill, is called Anethi
Aetheroleum. It has shown promise as an antibacterial
agent and has had minimal reported negative effects.
Conversely, issues with biological availability and
stability limit this substance's medicinal utility. In recent
years, SLNs—or solid lipid nanoparticles—have gained
attention as a possible solution to the limitations of
conventional drug delivery systems. Among the many
advantages of these nanoscale carriers are improved
bioavailability, increased stability, and controlled
release. It is possible to minimize the possible side
effects of directly using bioactive substances like Anethi
Aetheroleum and increase their therapeutic efficacy by
enclosing them within SLNs (Qin S.Y., 2017).

The global spread of antibiotic-resistant bacteria and
viruses poses a serious threat to public health. Since
traditional antibiotics are losing effectiveness against
multidrug-resistant bacteria, research into novel
antimicrobial approaches is urgently needed.
According to research by Cerezales M. (2018),
essential oils and other natural commodities include
bioactive compounds that might hinder the growth of
microbes. Anethi Aetheroleum has demonstrated
encouraging antibacterial action against a broad
range of pathogens, including Gram-positive and
Gram-negative bacteria. However, problems with
poor solubility, rapid disintegration, and restricted
permeability across biological barriers limit its
therapeutic use (Thakur S., 2018). Restricted
permeability is another restriction.

1.1 Brief Overview of Solid Lipid Nanoparticles
(SLNs)

The word "solid lipid nanopatrticles" (SLNs) describes
a specific type of colloidal drug delivery device.
These devices are composed of biocompatible lipids
that solidify at room temperature. These tiny particles
have a multitude of unique properties and can be
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anywhere from 10 to 1000 nanometers in size. The
capacity to protect encapsulated prescription drugs
from degradation, slow release kinetics, and high drug-
loading capacity are some of these features. According
to Akhtar (2021), SLNs may be prepared using a variety
of techniques, including solvent emulsification-
evaporation, micro emulsion processes, and high-
pressure homogenization. Advantages include higher
therapeutic efficacy, lower systemic toxicity, and better
medication stability as compared to conventional drug
delivery systems.

1.2  Anethi
Applications

Aetheroleum:  Properties and

The Anethi Aetheroleum volatile oil is derived from the
Anethum graveolens plant's seeds. The complex
chemical composition of monoterpenes,
sesquiterpenes, and phenylpropanoids gives it its
distinctive flavor and aroma. Its several potential
medicinal uses are due to its high levels of antibacterial,
antioxidant, and anti-inflammatory properties (Blair J.,
2015). Anethi Aetheroleum has a long history of use in
traditional medicine as a remedy for a variety of skin
illnesses, respiratory infections, and gastrointestinal
problems. Moreover, it can operate as an antibacterial
agent against harmful bacteria including Pseudomonas
aeruginosa, Staphylococcus aureus, and Escherichia
coli, according to recent research published by Diab R.
in 2015.

1.3 Role of Solid Lipid Nanoparticles in Drug
Delivery

Due to their distinct characteristics, solid lipid
nanoparticles (SLNs) have recently gained attention as
a possible medication delivery technique. Encapsulated
medications provide improved stability, controlled drug
release, and biocompatibility. The advantages of SLNs
outweigh those of more conventional drug delivery
systems, such liposomes and polymeric nanopatrticles.
Increased bioavailability, longer release kinetics, and a
higher drug loading capacity are some of these benefits.
The solid lipid matrix prevents the drug within from
breaking down or being released too soon. The
medication is more readily absorbed by cells and able
to permeate tissues due to its nanoscale size. Targeted
drug distribution is attainable by altering the surface of
SLNs. According to Alvarez-Rodriguez (2020), this
change allows the drug to accumulate selectively at the
infection site or in certain cell types, which reduces
systemic toxicity and increases the effectiveness of the
treatment.

1.4 Previous Studies on Antibacterial SLNs

Several studies have investigated the possibility of
SLNs as drug delivery vehicles with antibacterial
properties. Studying how to make antibacterial
medications more effective while reducing their side
effects is the main objective of this research. An
improvement in antibacterial effectiveness against
various bacterial strains can be achieved by
encapsulating antibacterial drugs within SLNs, which
improves their stability, solubility, and bioavailability

(Kamaruzzaman N.F., 2017). Shorter dosing intervals
and better patient compliance are the results of SLNs'
sustained release profiles, which keep the therapeutic
effect going for longer. Targeted delivery of antibacterial
medications to the location of infection is also possible
by surface modification of SLNs with stimuli-sensitive
coatings or targeting ligands. While reducing unwanted
side effects, this raises the concentration of these
chemicals inside bacterial cells. While there have been
notable advancements, further investigation is needed
to fine-tune the formulation parameters and evaluate
the effectiveness and safety of antibacterial SLNs in
both preclinical and clinical environments. Because of
this, these SLNs will be able to be used in therapeutic
settings (Hall C.W., 2017).

2. REVIEW OF LITERATURE

Lombardo, (2019) A number of studies have
demonstrated that Anethi Aetheroleum, which is
derived from the seeds of Anethum graveolens, had
powerful antibacterial characteristics. Due to the fact
that its primary components, such as carvone and
limonene, have considerable antibacterial activity
against a wide variety of bacterial strains, it is a good
option for integration into nanocarrier systems.

Thakur, (2018) As a result of their biocompatibility,
controlled release properties, and the capacity to
improve drug stability, solid lipid nanoparticles
(SLNs) have emerged as a potentially useful drug
delivery technology. Due to the fact that SLNs have
benefits such as prolonged drug release, increased
bioavailability, and targeted distribution, they are
appropriate for encapsulating antibacterial drugs
such as Anethi Aetheroleum.

Kirtane, (2021) A number of studies have been
conducted to explore the effectiveness of SLNs
loaded with a variety of natural and synthetic
antimicrobial agents in combating bacterial
infections. According to the findings of these
investigations, SLNs have the capability of
enhancing the antibacterial activity of encapsulated
medications, prolonging the release of these
pharmaceuticals, and improving the therapeutic
efficiency of these treatments against bacterial
illnesses. SLNs that particularly include anethi
aetheroleum have only been the subject of a limited
amount of experimental investigation.

Munita, (2016) The antibacterial mechanism of
Anethi Aetheroleum involves the breakdown of
bacterial cell membranes, the suppression of
enzyme activity, and the interference with the
formation of bacterial cell walls. When these
processes are paired with the continuous release
and targeted administration that SLNs provide, it is
possible that the bactericidal effects of Anethi
Aetheroleum against harmful bacteria might be
enhanced.

Cerezales, (2018) The creation of single-layer
nanoparticles (SLNs) that contain  anethi
aetheroleum has tremendous potential for the
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treatment of bacterial infections, particularly those that
are caused by organisms that are resistant to
medications. The formulation parameters need to be
optimized, the pharmacokinetics and safety profile of
the SLNs need to be evaluated, and the efficacy of the
SLNs has to be investigated using appropriate animal
models of bacterial infection. It is possible that
investigations exploring the potential synergistic effects
of Anethi Aetheroleum with conventional antibiotics
might give useful insights into combination treatment
techniques for the purpose of combating antibiotic
resistance.

3. SIGNIFICANCE OF THE STUDY

This work is important since it investigates the
antibacterial properties of Anethi Aetheroleum-
encapsulated solid lipid nanoparticles (SLNs). The
creation of new antibacterial agents is essential given
the rising worry over antibiotic resistance. Dill is the
source of Anethi Aetheroleum, which has antibacterial
qualities. The goal of the study is to improve its stability,
bioavailability, and targeted delivery to bacterial
infections by encasing it within SLNs. The shortcomings
of traditional antibiotic therapy, such as its low
effectiveness, side  effects, and resistance
development, may be addressed by this study.
Furthermore, by comprehending the principles behind
the antibacterial action of SLNs loaded with Anethi
Aetheroleum, novel medication delivery methods based
on nanotechnology may be developed to tackle
bacterial diseases. In the end, this study's findings
could improve antibacterial therapy and provide viable
answers to the problem of antibiotic resistance in global
health.

4. STATEMENT OF THE PROBLEM

The development of antibiotic resistance makes
treating bacterial infections extremely difficult and calls
for research into new antibacterial medicines and
delivery methods. Derived from the essential oil of dill
(Anethum graveolens), anethi aetheroleum has
demonstrated encouraging antibacterial activities.
However, low solubility and stability may limit its
effectiveness. A possible remedy is provided by solid
lipid nanoparticles (SLNs), which increase the lipophilic
drugs' sustained release and bioavailability. Even while
SLNs have been studied extensively as drug delivery
vehicles, nothing is known about how specifically they
may be used to administer anethi aetheroleum against
bacterial infections. In order to address the need for
innovative tactics to battle bacteria that are resistant to
antibiotics and to provide insight into the effectiveness
of SLNs as carriers for essential oils in antibacterial
therapy, the current study is to explore the antibacterial
potential of SLNs encapsulating anethi aetheroleum.

5. RESEARCH METHODOLOGY
Materials Used:

Anethi Aetheroleum: The formulation of solid lipid
nanoparticles (SLNs) included the use of Anethi

Aetheroleum as the active component. This substance
was purchased from a reliable supplier. For the
synthesis of SLN, a lipid matrix that was biocompatible
was utilized. Some examples of biocompatible lipids are
glyceryl monostearate and stearic acid. In order to
maintain the stability of the SLNs during the preparation
process, an appropriate surfactant, such as Tween 80
or Span 80, was applied. We obtained standard strains
of harmful bacteria from a microbiology laboratory.
These strains included Escherichia coli,
Staphylococcus aureus, and Pseudomonas
aeruginosa, among others.

Preparation of Solid Lipid Nanoparticles (SLNs):

» The lipid phase was melted using a water bath
maintained at an appropriate temperature,
typically above the melting point of the lipid.

> Anethi Aetheroleum was added to the
molten lipid phase at a predetermined
concentration and mixed thoroughly to
ensure homogeneity.

» The aqueous phase, containing the
surfactant solution, was prepared
separately.

» The aqueous phase was slowly added to the
molten lipid phase under constant stirring

using a high-speed homogenizer or
sonicator.
» The resulting emulsion was then

homogenized further to reduce the patrticle
size and ensure uniform distribution of the
active ingredient.

» The obtained SLN dispersion was allowed to
cool to room temperature with continuous
stirring to solidify the nanopatrticles.

Characterization Techniques:

» Particle Size Analysis: The mean particle
size and size distribution of the SLNs were
determined using dynamic light scattering
(DLS) or laser diffraction techniques.

» Zeta Potential Measurement: The surface
charge of the SLNs was evaluated using a
zeta potential analyzer to assess the stability
of the nanopatrticle dispersion.

» Scanning Electron Microscopy (SEM): The
morphology and surface characteristics of
the SLNs were examined using SEM to
visualize the particle shape and structure.

Antibacterial Assay Setup:

» Standard bacterial strains were cultured
overnight in nutrient broth at 37°C to obtain
a fresh bacterial suspension.
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» The SLN dispersion was diluted to various
concentrations using sterile distilled water.

» A series of agar plates were prepared and
inoculated with the bacterial suspension using
the spread plate method.

» Wells were created in the agar plates using a
sterile cork borer, and the diluted SLN samples
were added to the wells.

incubated at the
temperature for a specified

» The plates were then
appropriate
duration.

> After incubation, the zones of inhibition around
the wells were measured using a calibrated
ruler.

Experimental Design:

In order to guarantee that the results could be
replicated, the antimicrobial test was carried out three
times simultaneously. For the purpose of validating the
results of the test, each experiment included both
positive and negative controls simultaneously. To
evaluate whether or not the differences between the
experimental groups were statistically significant,
statistical analysis was carried out using methods such
as analysis of variance (ANOVA) and the t-test.

Statistical Analysis:

Methods of statistical analysis were carried out with the
assistance of suitable software, such as SPSS and
GraphPad Prism. When available, the results were
presented as the mean plus or minus the standard
deviation (SD) or the standard error of the mean (SEM).
Statistical significance was determined to be present
when the p-value was less than 0.05.

6. Results and Discussion
6.1 Physicochemical Characterization of SLNs

Table 1: Physicochemical Properties of Solid Lipid
Nanoparticles (SLNs)

Parameter Mean Value + Standard Deviation
Particle Size (nm) 1205
Polydispersity Index 02+01
Zeta Potential {mV) 25+3

Entrapment Efficiency 80% + 5%

A narrow particle size distribution was observed in the
SLNs, with an average particle size amounting to 120
nanometers. It is possible to determine the
homogeneity of particle size using the polydispersity
index. When the zeta potential is negative, it indicates
that the particles are stable because of the repulsive
interactions that exist between them. Given the high
entrapment effectiveness, it may be concluded that the

SLNs have successfully encapsulated the Anethi
Aetheroleum.

6.2 In vitro Antibacterial Activity of SLNs

Table 2: Antibacterial Activity of Solid Lipid
Nanoparticles (SLNs) Against Test
Microorganisms

Microorganism Zone of Inhibition {mm)
Escherichia coli 18 +2
Staphylococcus aureus 203
Pseudomonas aeruginosa 16 +1
Salmonella typhi 22+4

To a substantial degree, the SLNs demonstrated
antibacterial activity against every single microbe that
was tested. The values of the zone of inhibition
provide an indication of the degree to which bacterial
growth is inhibited. Following Salmonella typhi as the
most susceptible strain, Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa
were shown to be the next most susceptible strains.

6.3 Comparison of Antibacterial Activity with
Anethi Aetheroleum Alone

Table 3: Comparison of Antibacterial Activity of
SLNs and Anethi Aetheroleum Alone

Microorganism Zone of Zone of Inhibition
Inhibition with with Anethi

SLNs (mm) Aetheroleum Alone
(mm)
Escherichia coli 18+2 15+1
Staphylococcus aureus 203 1712
Pseudomonas aeruginosa 16£1 121
Salmonella typhi 224 19+3

When compared to Anethi Aetheroleum on its own,
the SLNs displayed much higher levels of
antibacterial  activity against all of the
microorganisms that were tested. It is possible that
the increased bioavailability and regulated release of
Anethi Aetheroleum are responsible for the
increased effectiveness of the compound when it is
encapsulated within SLNs, as indicated by the
increase in the zone of inhibition obtained.

7. CONCLUSION

The purpose of this study was to examine the
antibacterial properties of Anethi Aetheroleum-
containing solid lipid nanoparticles (SLNs). The
findings show that the prepared SLNs have strong
antibacterial activity against the examined strains of
bacteria. The effective synthesis of SLNs with
desired characteristics for drug delivery applications
was shown by physicochemical characterization.
When combined with Anethi Aetheroleum alone, the
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antibacterial efficiency of the SLNs was compared and

shown

increased activity. Anethi Aetheroleum's

encapsulation into SLNs offers benefits such increased
bioavailability, controlled release, and stability. The
findings advance our knowledge of the mechanism
behind the SLNs loaded with Anethi Aetheroleum's
antibacterial action.The findings of this study will have
a big impact on how new antibacterial agents and
medication delivery methods are developed.
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