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Abstract
Background: Essential oils (EO), such as lavender (Lavandula spp.), which are derived from its flower, have
become a growing trend in recent years as an alternative medicine in therapy. However, the poor
physicochemical properties of EOs have several disadvantages for their application. Integrating
nanotechnology into the formulation of medicinal dosage forms may provide a viable way to mitigate these
limitations and improve the effectiveness of EO utilization.
Objective: This literature review aims to gather information on the medicinal benefits of lavender EO and
the prospective applications of nanotechnology-based delivery systems for EOs.
Method: Online databases such as PubMed, Science Direct, Research Gate, Google Scholar, and other reliable
sources were used to find 65 publications between 1991 and 2021, which are assessed in this review.
Results: It is revealed that the main constituents of lavender EO are linalool, linalyl acetate, and lavandulyl
acetate. Its effectiveness as an antibacterial, antioxidant, anticancer, anti-anxiety, and having effects on the
central nervous system, along with other qualities including pain relief, has been demonstrated via
numerous studies. Additionally, it was demonstrated to have dermatological properties that helped treat
dermatitis and encouraged both hair growth and wound healing. Furthermore, it was also found that the
application of nanotechnology in EOs has improved the concentration of active compounds in the blood and
produced a stable dosage form while also increasing its efficacy.
Conclusion: It is feasible to create nanoparticle dosage forms from lavender EO that can improve the
substance's solubility, stability, and pharmacological effects. More research is necessary to formulate
lavender EO by applying nanotechnology.
Keywords: Lavender, essential oil, therapeutic activity, nanotechnology, nanoparticle

1. Introduction

Essential oils (EO) have become increasingly valuable for their potential use in medicine,
cosmetics, aromatherapy, fragrance, and spirituality. Depending on the section and kind of plant,
different methods are used to extract EOs from the leaves, flowers, stems, fruit, seeds, bark, and roots
of a variety of aromatic plants. The unique aromas of EO can be attributed to about 3000
phytochemicals, including saturated and unsaturated hydrocarbons, terpenes, sesquiterpenes,
alcohols, phenols, aldehydes, ketones, esters, acids, phenolic ethers, oxides, lactones, and coumarins.
These colorless liquid oils are extremely powerful and concentrated, reviving and stimulating
pressure points in addition to supporting a range of medical functions (Ali et al, 2015; Dunning,
2013).

Lavender (Lavandula spp.), a beloved garden herb that has long been used as medicine, is one
of the most common uses of essential oils. Lavenders are native to the mountainous regions of the
Mediterranean and belong to the Labiatae (Lamiacae) family. They are utilized for a number of

therapeutic and cosmetic uses. More than 30 species of plants belong to the Lamiaceae family, and
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the most well-known are Lavandula stoechas (French lavender), Lavandula latifolia (wide leaves
lavender), and Lavandula angustifolia Mill (narrow leaves lavender). Due to its unique medicinal
properties, the narrow-leaved lavender (Lavandula angustifolia, originally L. officinalis Chaix or L.
vera), also referred to as garden lavender, is the most valuable genus of lavender (Adaszynska et al.,
2013). Lavender EO is obtained through steam distillation of both the flower heads and the leaves;
however, due to their distinct chemical compositions, the flower yields a more fragrant and sweeter
oil. It is a pale yellowish liquid with a smell that varies from fresh and flowery to aromatic and
woodsy. In addition to its supposed benefits for burns and bug bites, the oil is also reported to possess
antibacterial, antifungal, carminative (smooth muscle relaxing), sedative, and antidepressive
qualities (Cavanagh & Wilkinson, 2002; Miastkowska et al., 2021).

At present, EO's potential as a therapeutic agent has never completely utilized due to its
lipophilic component and extreme volatile. Consequently, EOs may be impacted by conversion and
degrading processes. EOs are prone to oxidation and polymerization, which can lead to degradation
and changes in their pharmacological properties (Turek & Stintzing, 2013). The use of nanoparticle
technology in the pharmaceutical industry can offer several benefits that can increase EO
effectiveness to address these shortcomings. Currently, there have been multiple studies showcasing
the applications of nanotechnology to formulate lavender EO dosage form. However, there aren't any
articles that specifically review the actions and recent advancement of lavender EO. Thus, the
purpose of this review is to compile extensive data regarding the activity of lavender EO as well as

its possible advancement via the application of nanotechnology.

2. Method

This literature review is performed by examining article publication available online in
PubMed, Science Direct, Research Gate, Google Scholar and other reliable sources via terms like
“lavender essential oil”, “chemical compounds”, “therapeutic activity”, “nanotechnology”, and
“nanoparticle” that were used for each of the searches. From the database, 65 articles were selected
which are published national and international article between 1991 through 2021, in either English

or Indonesia language.

3. Result and discussion
3.1. Chemical compounds of lavender essential oil

Study by de Groot and Schmidt (2016) analyzed lavender EO samples from France, Bulgaria,
Australia, Ukraine, Moldavia, England, and China between 2001 and 2013 by GC/MS, and concluded
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the following ten compounds that has the highest maximum concentrations found in the oil are as
follows: linalool (26.0%-44.8%), linalyl acetate (26.1%-43.3%), (Z)-A-ocimene (0.3%-7.5%),
lavandulyl acetate (0.4%-6.3%), terpinen-4-ol (0.07%-5.9%), acaryophyllene (1.8%-5.9%), (E)-A-
ocimene (0.7%-4.7%), (E)-Afarnesene (0.4%-4.5%), borneol (0.3%-2.7%), and 1,8-cineole (0.01%-
2.4%) (De Groot & Schmidt, 2016). Another test in 2014 also found that linalool (34.1%) and linalyl
acetate (33.3%) were discovered to be the two primary ingredients of lavender oil (Figure 1.), while
other notable constituents were ocymene and lavandulil acetate (3.2% each) (Sienkiewicz et al,
2014). Other research by Varban et al. (2022) using GC/MS analyzing lavender EO resulted in 38 of
the 40 isolated chemicals that were identified using their mass spectra (29 terpenoids, 2 alcohols, 1
ketones and 5 esters, 1 hydrocarbon). The volatile profile was made up 94.41% by terpenes and
terpenoids. Beta-linalool and linalool acetate were the two most prevalent volatile substances,
followed by caryophyllene (5.66%) and beta-farnesene (6.45%), while camphor was only present in
very trace amounts (0.18%). This kind of volatile character is said to be indicative of the highest-

quality lavender EO (Varban et al,, 2022).

Linalool Linalyl acetate

Figure 1. Two main compounds of lavender EO

3.2. Pharmacological activities
Numerous articles were assessed to obtain data regarding the potential therapeutic activity
of lavender EO as shown in Table 1.

Table 1. Studies on lavender EO therapeutic activity

Author(s) Year Therapeutic activity /response Disease
s Showed antimicrobial properties at Bacterial
Sokovi€ et al. 2007 concentrations of 4.0-9.0 mg/ml infection
Mayaud et al. 2008 Effective aggmst grarr.l-posmve bacteria more than Bactel.‘lal
gram-negative bacteria infection

Hanamanthagouda Diverse biological actions of antibacterial and Bacterial and

2010 ) C .
etal. antifungal depends on the genus of Lavandula fungi infection

Stanojevic et al. 2011 Inhibition of multiple strains of bacteria Bactel.‘lal
infection

Inhibitory effect on the processes of fat oxidation
and lipid peroxidation
Viuda-Martos et al. 2011 Reduce 50% DPPH at multiple concentration of Free radicals

Hui et al. 2010 Free radicals
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Author(s)

Year

Therapeutic activity/response

Disease

lavender EO

Lin et al.

2009

Exhibit antioxidant properties akin to lime and
marjoram EO in same study

Free radicals

Wattenberg

1991

Rats fed the lavender oil-containing diet had
noticeably fewer tumors and adenomas per rat

Cancer

Teranishi et al.

1993

Containing compounds in trace amount that may
have potent anticancer properties

Cancer

Zhang et al.

1999

Loutrari et al.

2004

Containing monoterpenoid perillyl alcohol inhibits
the growth and division of angiogenic cells in vitro

Cancer

Moteki et al.

2002

Calcabrini et al.

2004

Contents of terpinen-4-ol and 1,8-cineole, have
been shown to have anticancer properties in vitro
by inducing apoptosis in tumor cells

Cancer

Yamada et al.

1994

Inhaling or injecting lavender EO intraperitoneally
can prevent convulsions caused by
pentylenetetrazol or nicotine

Anxiety

Dunn et al.

1995

Lavender EO aromatherapy was found to reduce
anxiety in comparison to receiving a massage
without aromatherapy and to resting

Anxiety

Kritsidima et al.

2010

Used of lavender essential oil aromatherapy to
reduce their anxiety about the uncomfortable
feelings

Anxiety

Buchbauer et al.

1991

Linalool and terpineol, has been shown to reduce
anxiety, encourage sleep, and weaken physical
activity in both humans and animals

Central nervous
system

Hudson

1995

Inhaling lavender oil increased sleep quality for
72% of patients, compared to only 11% of the
control group

Central nervous
system

Diego et al.

1998

Mice and rats given systemic injections of lavender
EO exhibit sleepiness. Inhaling lavender EO
improved arithmetic performance and increased
wave activity of forty healthy individuals in brain
wave research

Central nervous
system

Styles

1997

Young HIV patients who had lavender EO massages
required less painkillers overall

Pain

Lis-Balchin & Hart

1999

Lavender EO has an antispasmodic effect via
increasing messenger cAMP levels

Pain

Ghelardini et al.

1999

In vitro studies have confirmed this EQO's analgesic
activity, and anaesthetic properties have been
proven in rabbit experiments

Pain

Anderson et al.

2000

As an alternative of topical steroids to treat
eczema, lavender EO showed substantial reduction
in irritability and sleeping disruption

Eczema

Kim & Cho

2010

Using lavender oil topically may be able to block
part of the allergic pathway

Skin allergic
reaction

Koca Kutlu et al.

2013

Higher levels of both EGF (epidermal growth
factor) and FGF (fibroblast growth factor)-2 in
wounds treated with lavender EO

Wound

Mori et al.

2016

Lavender EO was found to significantly raise the
levels of type I collagen and TGF-f (transforming
growth factor)-f

Wound
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Author(s) Year Therapeutic activity/response Disease
Combination of oil containing thyme, rosemary,
cedarwood and lavender EO showed hair growth
improvement in randomized controlled study of
alopecia areata patients

Lavender oil significantly promotes hair
Lee et al. 2016 development, as seen both morphologically and Alopecia

histologically in female C57BL/6 mice

Hay et al. 1998 Alopecia

3.2.1. Antimicrobial

At concentrations of 4.0-9.0 mg/ml, the lavender EO (L. angustifolia) exhibited antimicrobial
properties (Sokovi¢ et al, 2007). Its antibacterial activities at doses of 0.94%-10% against 65
bacterial species were proven in the investigation by Mayaud et al., (the effectiveness against Gram-
positive bacteria was higher than against Gram-negative) (Mayaud et al., 2008). The growth of S.
enteritidis, K. pneumoniae, E. coli, S. aureus, P. aeruginosa, C. albicans, and A. niger are all inhibited by
lavender EO (Stanojevic et al., 2011). The biological actions of the EOs produced by plants of the
genus Lavandula are extremely diverse. The growth of germs like Salmonella, Enterobacter,
Klebsiella, E. coli, S. aureus, and L. monocytogenes are inhibited by the EO of Lavandula dentata. At
concentrations of 0.5-2.0 ugxml-1 for bacteria and 2.0-4.0 ugxml-1 for fungi, respectively, the EO of
L. bipinnata demonstrates antibacterial activity (against E. coli, P. aeruginosa, S. aureus, and B.
subtilis) and antifungal properties (against A. niger, P. notatum, and C. albicans) (Hanamanthagouda
etal, 2010).
3.2.2. Antioxidant

The antioxidant qualities of lavender EO protect cells from the damaging effects of free
radicals. Inalinoleic acid model system, Hui et al. (2010)'s research demonstrated this oil's inhibitory
effect on the processes of fat oxidation and lipid peroxidation (Hui et al, 2010). Studies examining
this EQ's ability to reduce 50% DPPH radicals yielded inconsistent findings; values ranged from 289
pgxml-1 to 48.7 mgxml-1 (Viuda-Martos et al., 2011). Another study used DPPH to examine the
antioxidant properties of lavender essential oil (L. angustifolia) and how well it can counteract free
radicals. At a concentration of 5 gx1-1, the reading of 15.18 * 0.009% indicates properties akin to
those of lime and marjoram essential oils (Lin et al., 2009). They discovered that the EO had a far
lesser ability to neutralize free radicals at a comparable quantity (4.11%).
3.2.3. Anticancer

To explore the anticancer potential of lavender oil components, numerous in vitro research
has been conducted using rat, bovine, human, and bacterial cell lines. These investigations have
shown that lavender oils contain compounds that, in trace amounts, may have potent anticancer

properties (Teranishi et al., 1993). Many lavender essential oils include nerolidol, a sesquiterpene



235 | Trianloka et al. / Jurnal llmiah Farmasi (Scientific Journal of Pharmacy) 20(2) August-December 2024,
230-242

that is thought to have anticancer effects since rats fed the oil-containing diet had noticeably fewer
tumors and adenomas per rat (Wattenberg, 1991). It also has been demonstrated that the
monoterpenoid perillyl alcohol inhibits the growth and division of angiogenic cells in vitro, which
makes it a viable candidate for use in anticancer treatment (Loutrari et al., 2004; Zhang et al., 1999).
Later, perillyl alcohol's potential as a chemo preventive agent was explored through National Cancer
Institute-sponsored Phase I, II, and III trials for colon, breast, and prostate cancers. Some constituents
of lavender oil, such as terpinen-4-ol and 1,8-cineole, have been shown to have anticancer properties
in vitro by inducing apoptosis in tumor cells (Calcabrini et al., 2004; Moteki et al., 2002).
3.2.4. Anti-anxiety

In a randomized clinical experiment with 122 critically ill patients, EO aromatherapy was
found to reduce anxiety in comparison to receiving a massage without aromatherapy and to resting.
Blood pressure and respiratory system health did not differ between the two groups (Dunn et al.,
1995). According to other research, inhaling or injecting lavender EO intraperitoneally can prevent
convulsions caused by pentylenetetrazol or nicotine (Yamada et al., 1994). Another study on people
waiting at dentist clinics used lavender essential oil aromatherapy to reduce their anxiety about the
uncomfortable feelings they expected (Kritsidima et al., 2010).
3.2.5. Central nervous system

A study by Buchbauer et al. (1991) found that specific EO components, including linalool and
terpineol, have an impact on the central nervous system. This has been shown to reduce anxiety,
encourage sleep, and weaken physical activity in both humans and animals (Buchbauer et al., 1991).
A 245-person clinical experiment found that inhaling lavender oil increased sleep quality for 72% of
patients, compared to only 11% of the control group. Four out of every five patients who took the
medicine reported feeling generally well, compared with only 25% of individuals in the control group
(Hudson, 1995). Mice and rats given systemic injections of lavender essential oil exhibit sleepiness.
Inhaling lavender essential oil (EO) improved arithmetic performance and increased wave activity of
forty healthy individuals in brain wave research. In addition to being sleepy, patients have also
allegedly reported feeling relaxed and having a positive attitude on life (Diego et al., 1998).
3.2.6. Pain relieves

Young HIV patients who had lavender essential oil massages required less painkillers overall
and, in certain cases, felt no discomfort at all (Styles, 1997). Lavender essential oil (EO) has an
antispasmodic effect via increasing messenger cAMP levels, while the exact mechanism is unclear
(Lis-Balchin & Hart, 1999). In vitro studies have confirmed this EO's analgesic activity, and

anaesthetic properties have been proven in rabbit experiments. Anaesthetic activity was measured
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using both in vivo testing on the rabbit conjunctival reflex and in vitro testing on a rat phrenic nerve-
hemidiaphragm preparation. The L. angustifolia EO, linalyl acetate, and linalool (0.01 - 10 g/ml)
substantially and dose-dependently decreased the electrically induced contractions of the rat
phrenic-hemidiaphragm. In the rabbit conjunctival reflex test, the addition of 30-2500 g/ml of linalyl
acetate and linalool to solution of L. angustifolia EO increases the number of shocks needed to induce
the response in a dose-dependent manner, confirming in vivo the local anaesthetic effect found in
vitro (Ghelardini et al., 1999).
3.2.7. Dermatological activities

Lavender and other essential oils have been evaluated for their efficacy as an alternative of
conventional drugs, like topical steroids, which are often found to be ineffective. The usefulness of
several EOs, including lavender, in the treatment of eczema was investigated by Anderson et al.
(2000) by employing both massage with the oils and the addition of the oils (6 drops of a blend of
three oilsina 1:1:1 ratio) to bath water. The 8-week course of treatment led to a substantial reduction
in irritability and sleeping disruption in both the massage alone and EO groups, despite the small
sample size of 16 children (Anderson et al., 2000). Furthermore, it has been suggested that using
lavender oil topically may be able to block part of the allergic pathway (Kim & Cho, 2010).
3.2.8. Wound healing

Lavender essential oil was found to significantly raise the levels of type I collagen and TGF-f3
(transforming growth factor)-f in one investigation. This result supports the clinical observation of
faster and greater wound contraction in the lavender-treated group as compared to the control group
because TGF-f is known to induce fibroblast proliferation and differentiation into myofibroblasts,
which are crucial for wound contraction via tissue shrinkage (Mori et al, 2016). Another study
discovered considerably higher levels of both EGF (epidermal growth factor) and FGF (fibroblast
growth factor)-2 in wounds treated with lavender EO (Koca Kutlu et al.,, 2013). As its name would
suggest, FGF-2 is crucial for the proliferation of fibroblasts. EGF is being researched as a possible
topical treatment for chronic wounds since it is a signalling molecule that promotes fibroblast and
epithelial cell migration, which causes wound contraction and epithelialization (Bodnar, 2013).
3.2.9. Hair growth

It is claimed that thyme, rosemary, cedarwood, and lavender EO promote hair growth in
alopecia individuals. A randomized, double-blind, controlled study was conducted by Hay et al
(1998) to look at this effect, where 86 alopecia areata patients had their scalps massaged nightly with
a combination of oil containing 114 mg of Rosmarinus officinalis, 94 mg of Cedrus atlantica, 108 mg

of Thyme vulgaris, and 108 mg of L. angustifolia. Hair growth was assessed at 3- and 7-month
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intervals. When EOs were administered, 19 out of 35 patients reported an improvement in hair
growth, compared to just 6 out of 28 controls. This indicates that the treated group's area of alopecia
was much smaller than that of the control group (Hay et al., 1998). Another study was conducted to
investigate the effects of lavender oil (LO) on hair growth in female C57BL/6 mice. In comparison to
the normal group (saline solution), the experimental group that received lavender oil at
concentrations of 3% and 5%, respectively, had considerably more hair follicles, deeper hair follicles,
thicker dermal layer, and fewer mast cells. These findings demonstrated that LO significantly

promotes hair development, as seen both morphologically and histologically (Lee et al., 2016).

3.3. Application of nanotechnology on essential oil

Due to their traditional uses, plant-based products such as EO have several disadvantages
when used as medications, including reduced solubility and bioavailability of the ingredient,
increased dosage requirements, volatile and low stability, as well as prone to oxidation and
polymerization (Mukherjee, 2015; Turek & Stintzing, 2013). These drawbacks can be addressed and
enhanced using nanotechnology to produce better herbal dosage forms, such as liposomes, gold
nanoparticles, and self-nano emulsifying drug delivery systems (SNEDDS). Active compounds'
solubility, stability, and bioavailability can all be enhanced by formulations based on nanoparticles.
Nanoparticle sizes can vary from 20 to 200 nm, depending upon its components and the method of
production. Particle size reduction will increase a preparation's surface area and facilitate the entry
of active components into hard-to-reach action locations, such as the blood-brain barrier, and their
passage across cell and other membranes to the target of action. The creation of a more intricate drug
delivery system has significantly improved thanks to the application of nanotechnology (Alexander
etal, 2016; Harwansh et al., 2011b, 2011a; Porter et al., 2008). Recent studies have been conducted
to assess the possibility of nanotechnology applications in formulating lavender EO into a more
potent dosage form, as shown in Table 2.

Table 2. Recent examples of nanotechnology applications in lavender EO formulation

Author(s) Year Formulation Therapeutical uses
Composite electrospun wound-dressing . .
Sofi et al. 2019 nanofibers made of polyurethane containing Antlbacterlal/Wound
. . . healing
lavender oil and silver nanoparticles
Nano system made of gold nanoparticles and . .
Fadel et al. 2023 nano-lavender EO using ultrasonic Antlpacterlal/Wound
o ; healing
nanoemulsifying techniques
Lavender' EO-lo'aded pf)lyureth.ane P Antibacterial/Wound
Rahayu et al. 2024 nanoparticles via a facile swelling-diffusion healing

method as hydrocolloid agents
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Author(s) Year Formulation Therapeutical uses

Fahimnia et al. 2024 Topical gel containing lavender oil loaded solid ~ Antibacterial/Anti-

lipid nanoparticles inflammatory
Sanei-Dehkordi et 2023 Layender and Ge.ranlum EO-Loaded nanogels Antibacterial /Repellent
al. using nanoemulsion-based gel method

A study employed a unique approach to create composite electrospun wound-dressing
nanofibers made of polyurethane containing lavender oil and silver (Ag) nanoparticles (NP). The Ag
NPs and lavender oil enhanced the hydrophilicity of the nanofibers and facilitated the proliferation
of chicken embryo fibroblasts grown in vitro on these fiber dressings. The antibacterial efficacy of the
nanofiber dressings was assessed using E. coli and S. aureus, resulting in inhibition zones of 16.2 + 0.8
mm and 5.9 + 0.5 mm, respectively, demonstrating the dressings' superior bactericidal capabilities
(Sofietal, 2019).

In order to aid in wound healing and fight bacterial infection, another current study sought
to create a unique nano system made of gold nanoparticles and nano-lavender EO using ultrasonic
nanoemulsifying techniques. Unlike lavender EO, the newly created nano-gold/nano-lavender
completely eradicated the microbial cells by penetrating the generated P. mirabilis biofilm. The MIC
and MBEC (minimum biofilm eradication concentration) values were 8 and 16 pg/mL, respectively.
Higher results, compared to lavender EO, were obtained when the cytotoxic effect of the innovative
nano-gold and nano-lavender formulas was evaluated against WI-38 fibroblasts Vero (normal) cells
(ICso = 0.529 and 0.209 mg/mlL, respectively). With a 96.78% wound closure rate, the nano-
gold/nano-Lavandula angustifolia mixture demonstrated potent wound healing ability (Fadel et al,
2023).

Other study also sought to formulate wound healing applications where the hydrocolloid-
based preformed polyurethane (PU) NPs were used as a template for the simple swelling-diffusion
of lavender EO. PU hydrocolloid was carefully combined with the Lavender EO phase that had been
dissolved in an ethanol/water mixture at various volume ratios. Lavender EO diffused and became
trapped in the PU NPs as a result of the high miscibility between Lavender EO and the PU matrix.
Using ethanol/water at a ratio of 0/100, stable lavender EO-loaded PU NPs with high 59.67%
entrapment efficiency 27.98% loading capacity were created. In phosphate buffer at pH 8.5, the
release behaviour of lavender EO from the lavender EO-loaded PU NPs demonstrated sustained
release for 192 hours. The biocompatibility of the NPs was demonstrated by the high cell survival of

around 80% in the cytotoxicity assay employing fibroblast cells at the maximum dose of 1 mg/ml. A
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transparent soft film formed from the encapsulated PU NPs demonstrated antibacterial efficacy
against E. coli and S. aureus (Rahayu et al,, 2024).

A separate investigation involved the preparation of lavender oil-loaded Solid Lipid
Nanoparticles (Lav-SLN) utilizing cholesterol and lecithin as natural lipids, followed by the
characterization of the generated SLNs. Next, Carbopol 940 was used to create a topical gel (Lav-SLN-
G) that contained 3% SLN. The antibacterial properties of Lav-SLN and Lav-SLN-G against S. aureus
were evaluated. Lav-SLNs showed an % entrapment efficiency of 75.46%, a zeta potential of -21.6
mv, and a particle size of 19.24 nm. The pH and textural characteristics of the topical gel formulation
were satisfactory. Lavender oil, Lav-SLN, and Lav-SLN-G had the following minimum
inhibitory/bactericidal concentrations (MIC/MBC) against S. aureus: 0.12 and 0.24 mgml-1, 0.05 and
0.19 mgml-1, and 0.045 and 0.09 mgml-1, respectively (Fahimnia et al.,, 2024).

Different study attempted to create lavender and geranium (Pelargonium graveolens L'Hér.)
EO nanogels (NGs) with potential antibacterial and repellent properties. A nanoemulsion-based gel
method was used to formulate the NGs; the zeta potentials and nanoemulsion droplet sizes were
found to be 146+ 7 and 106+ 6 nm and -23.2+0.7 and -17.4 + 1 mV, respectively. The successful
loading of EOs in NGs was validated by the ATR-FTIR analysis. Anopheles stephensi Liston mosquitoes
were employed in repellent bioassays, which showed that geranium NG (140 min) was just as
efficient as the commonly used repellent DEET (140 min). According to antibacterial testing, the
nanogels successfully inhibited the development of bacteria; against E. coli Migula, the geranium NG
demonstrated a reduction of over 90%. Higher effectiveness against S. aureus Rosenbach was
demonstrated by the lavender NG (Sanei-Dehkordi et al., 2023).

The findings of the studies mentioned above imply that lavender EOs could be developed into
nanoparticle medication delivery systems. This goes to show that other therapeutic properties of
lavender EO could also be beneficial from the application of nanotechnology in future studies, to

improve its efficacy and stability as a pharmaceutical dosage form.

4. Conclusion

Lavender (Lavandula angustifolia), one of the most popular garden herbs in the world,
contains EO with major constituents like linalool and linalyl acetate. Antimicrobial, antioxidant,
anticancer, anti-anxiety, central nervous system, pain-relieving, dermatological, wound-healing, and
hair-growth qualities are only a few of its many medical benefits. Recent research has focused on

using nanotechnology to increase the effectiveness of lavender EO. Future research is needed to
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create drug delivery methods using nanoparticles for the numerous medicinal advantages of

lavender essential oil.
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