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Background: Essential oil nanoemulsions have received much attention in the last period due to their
ability to fight microbes and cancers. In the current study, clove and thyme essential oils CL+TH-
emulsion and CL+TH-nanoemulsion were prepared through an eco-friendly method. The prepared CL
+TH-nanoemulsion was characterized using DLS and TEM analyses.
Results: Results revealed that CL+TH-nanoemulsion droplets were spherical in shape and nanoform in
size (68.6 nm) with PDI 0.281. MIC concentrations of CL+TH-nanoemulsion against tested bacteria were
found to be between 6.25 and 25 mg/mL. After being exposed to MICs of CL+TH-emulsion and CL+TH-
nanoemulsion, which additionally prompted 1.43 log and 3.12 log declines, accordingly, as opposed to
untreated (Control), the number of cells grown in the generated biofilms decreased. Furthermore, CL
+TH-nanoemulsion exhibited anticancer activity more than CL+TH-emulsion toward HepG2 and MCF-
7. Also, the effect of CL+TH-nanoemulsion is more effective and significantly cytotoxic than taxol on
MCF-7. Besides, both prepared emulsions increased the rate of apoptosis and decreased the cell viability
% of MCF-7 by increasing the activity of caspases 8 and 9. Moreover, CL+TH-nano emulsion decreased the
activity of VEGFR-2 in MCF-7 in a more pronounced manner than CL+TH-emulsion and taxol.
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TEM (Transmission Electron Microscopy)
Thyme oil
Conclusions: The prepared CL+TH-nanoemulsion had antibacterial, and antibiofilm as well as anticancer
properties, which can be used in different biomedical applications after extensive studies in vivo.
How to cite: Hashem AH, Doghish AS, Ismail A, et al. A novel nanoemulsion based on clove and thyme
essential oils: Characterization, antibacterial, antibiofilm and anticancer activities. Electron J Biotechnol
2024;68. https://doi.org/10.1016/j.ejbt.2023.12.001.
� 2023 The Authors. Published by Elsevier Inc. on behalf of Pontificia Universidad Católica de Valparaíso.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Antimicrobial resistance has grown and evolved as a result of
widespread antibiotic use [1]. Additionally, when microbes consti-
tute biofilms, their susceptibility to antimicrobial drugs rises. As
the most common type of living existence, biofilm is an arrange-
ment made up of surface-attached pathogens that are made visible
through the exterior polymer scaffold [2,3]. Arguably the biggest
health problem of the twenty-first century is the rise of antimicro-
bial resistance (AMR), which poses an obstacle to the efficient fight
against and cure of an expanding array of illnesses brought on by
microbes, viruses, fungi, and parasites that are resistant to the pop-
ular drugs used for managing them. It typically develops in water-
based solutions where multiple microorganisms and solid objects
are present. A major advantage of such biofilms being formed for
microorganisms is a rise in antimicrobial medication rebellion
when compared with the occasional position [4]. Following cardio-
vascular and infectious diseases as the major causes of death
worldwide is cancer. Due to its high incidence rate, cancer is the
second primary cause of death worldwide and has become a global
health concern in the twenty-first century. Annually, approxi-
mately 15 million death cases are due to the persistence of malig-
nant cells, and the number of cases is steadily rising [5]. Currently,
there are many chemotherapeutic drugs for treating cancers that
cause serious side effects on most human organs [6]. Therefore, it
is crucial to prepare new chemotherapeutic agents that are safer
and more effective.

Natural products like plant-derived compounds have a long his-
tory of usage as chemotherapeutic agents and overcome resis-
tances [7,8,9]. Essential oils are among the most significant
organic ingredients because of their biological nature and medici-
nal qualities, making the application of renewable substances in
the manufacturing process of pharmacologic items extremely
interesting [10]. Eugenol, a component of clove essential oil that
is derived from Eugenia caryophyllata stem, leaves, and buds and
may possess antimicrobial potential, is present in the oil. However,
it is not frequently used as an oil in water nanoemulsion [11]. Thy-
mol is an aromatic component, and these active compounds
demonstrated significant antibacterial and antifungal activity.
They are effective against a wide range of bacteria, including med-
ically relevant diseases [12]. The most volatile component of the
thyme essential oil is thymol [13]. Thymol is generally believed
to be safe, and it has been used as an antibacterial and antioxidant
compound [14]. However, thymol drawbacks, which restrict its
utilization, include volatility, poor stability, and high hydrophobic-
ity [15]. In contrast to regular fluids, protein-stabilized miniature
emulsion demonstrated small particle droplets with improved sta-
bility and biocompatibility. Due to toxicological concerns regard-
ing long-term use, nanoemulsion stabilizing requires a significant
amount of a surfactant or emulsifying, which prevents its use in
medical applications [16]. Herein, this study aimed to prepare a
nanoemulsion based on both clove and thyme essential oils, and
characterize this nanoemulsion using DLS and TEM analyses also,
to evaluate its antimicrobial and antibiofilm nature against
multidrug-resistant bacteria. Finally, to explore its anticancer
21
activity via evaluating its effect on apoptosis-related markers like
caspase-8 and caspase-9 and assessing its effect on the angiogenic
factor receptor the vascular endothelial growth factor receptor 2
(VEGFR-2) using HepG2 and MCF-7 cancer cell lines.

2. Materials and methods

2.1. Materials

The taxol (paclitaxel) was obtained from Sigma Chemical in St.
Louis, Missouri. The 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2
H-tetrazolium bromide (MTT) and the dimethyl sulfoxide (DMSO)
were purchased from Sigma Aldrich (Sigma, USA). The chemical
and reagents required for cell lines including fetal bovine serum
(FBS), phosphate buffer saline (PBS), Dulbecco’s modified Eagle’s
medium (DMEM), penicillin/streptomycin (Pen/Strep) solution,
and trypsin-EDTA were obtained From Gibco (Gibco, TFS Inc.,
USA). The clove plant was obtained from the medicinal and aro-
matic plants department, Horticulture Research Institute, Agricul-
tural Research Center, Giza, Egypt. The thyme plant was
purchased from a local market of aromatic plants, Giza, Egypt.

2.2. Methods

2.2.1. Preparation of nanoemulsion
Clove and thyme essential oils were extracted using the steam

distillation method [17]. Dried and ground clove flower buds or
thyme leaves (50 g) were put in a steam flask individually. The
steam distillation lasted 6 h. The recovered condensate was dis-
tilled again using n-hexane as the solvent. To prepare CL+TH-
nanoemulsion, 75 ml sterilized distilled water + 10 ml clove essen-
tial oil + 10 ml thyme essential oil and 5 ml of non-ionic surfactant
Tween 80 were added slowly with gentle stirring until a homoge-
neous mixture formed. Subsequently, the mixture was agitated uti-
lizing a homogenizer for 10 min. The combination underwent
sonication using an Ultrasonicator (BANDELIN SONOPULS HD
2200, Germany) for 30 min at a power level of 350 W. The particle
size of a nanoemulsion containing 10% essential oil was measured
using a Hydrodynamic light scattering analyzer (DLS) after a 90-d
storage period at room temperature (27�C) to check the stability.
The essential oil emulsion was prepared as previously described,
without the use of sonication [18].

2.2.2. Dynamic light scattering analysis (DLS)
Measurement of droplet size of a mixture of clove and thyme

essential oil nanoemulsion was performed by DLS. This analysis
was carried out according to the method used by Ghotbi et al. [19].

2.2.3. Transmission electron microscopy (TEM)
A volume of twenty microliters of the diluted blend of clove and

thyme essential oil nanoemulsion was carefully deposited onto a
film-coated copper specimen grid with a mesh size of 200 for
10 min. Subsequently, any excess fluid was removed using filter
paper. The grid was subsequently subjected to staining using a sin-
gle droplet of 3% phosphotungstic acid, followed by a drying period
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of 3 min. The grid that had been coated was subjected to a drying
process and subsequently analyzed using a transmission electron
microscope (TEM) model Tecnai G20, Super twin, double tilt, man-
ufactured by FEI in The Netherlands. The microscope was operated
at an acceleration voltage of 200 kV [19].

2.2.4. Antibacterial activity
Using the disc diffusion approach, the antibacterial activity of

clove CL+TH-emulsion and CL+TH-nanoemulsion was assessed
[20]. Bacillus cereus ATTC 11778, Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 35218, and Klebsiella oxytoca ATCC
51983 were employed for antibacterial screening. A total of
100 lL of every strain was applied to Mueller-Hinton agar (MHA)
plates at a McFarland turbidity of 0.5. Both CL+TH-emulsion and
CL+TH-nanoemulsion in 50 lL portions were aseptically put onto
sterilized 6-mm filter sheets and placed in the center of the plates.
The plates were then incubated at 37�C for 24 h. After the incuba-
tion, the radius of the inhibitory zone was measured using a mea-
surement device [20]. The low detrimental levels of CL+TH-
emulsion and CL+TH-nanoemulsion were established using the
micro broth dilution technique. Different concentrations of CL
+TH-emulsion and CL+TH-nanoemulsion (100, 50, 25, 12.5, 6.25,
3.125, 1.56, and 0.781 mg/mL) were incubated on plates overnight
at 37�C. After 24 h of incubation, the difference in optical densities
of each sample was compared, and MIC values were computed. The
minimum bactericidal concentration (MBC) was also determined
by sub-culturing investigated organisms, particularly those with
wells that followed those MIC levels, onto plates with MHA at
37�C for 24 h. Then, it was found that MBC is the nano-
formulated form that, when used at the lowest dose possible, pre-
vents the growth of dangerous bacteria [21].

2.2.5. Evaluation of antibiofilm activity
Static biofilm models were used to conduct biofilm studies.

Using the crystal violet staining method, the effect of the tested
material CL+TH-nanoemulsion on the development of biofilms in
S. aureus ATCC� 25923TM was evaluated [22]. The prepared sub-
stance was diluted onto 96-well plates as previously stated; six
concentrations were diluted starting at 0.5xMIC. The plates were
incubated for 48 h at 37�C under aerobic conditions. The wells
were rinsed twice with sterile water before being stained for
15 min with 0.1 mL of 0.4% crystal violet after discarding the liquid
combination. The dye that was associated with the biofilm was
then solubilized by adding ethanol (95%), after which samples
were washed twice with distilled water. At 540 nm, the separated
dye absorbance was quantitatively quantified. The percentage of
biofilm inhibition was estimated using [Equation 1] [23]:

ODgrowth control � OD sample
ODgrowth control

� 100 ð1Þ

where OD: optical density.

2.2.6. Anticancer activity
2.2.6.1. Cell lines. Both MCF-7 (breast cancer cell line) and HepG2
(liver cancer cell line) were obtained from ATCC (Manassas, USA)
and grown in DMEM (Invitrogen) and supplied with 10% fetal
bovine serum (FBS) and 1% pen/strep solution (Gibco, TFS Inc.,
USA) and incubated at 37�C with 5% carbon dioxide.

2.2.6.2. Cell viability assay. To examine the cytotoxic activity of CL
+TH-emulsion and CL+TH-nanoemulsion on both cancer cell lines
MCF-7 and HepG2, the MTT assay was used [8,9,24]. Briefly, in
96-well plates, the cells were planted in 96-well plates at a density
of 1.2 � 104 cells/well for 24 h. After 24 h, the media were replaced
with media containing CL+TH-emulsion or CL+TH-nanoemulsion at
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various concentrations for 48 h. After 48 h, the media were
removed and wells were treated with 100 lL of MTT solution (5
mg/ml in PBS) and incubated at 37�C for 4 h [25]. The formed for-
mazan crystals were solubilized with 100 lL of DMSO added to
each well for 10 min at 37�C, and the developed violet color inten-
sity was measured by a Microplate reader (Epoc-2 C microplate
reader, Bio Tek, USA) at 570 nm and were used to calculate the
IC50 [26].

2.2.6.3. Assessment of caspase-8 and caspase-9 activities and VEGFR-
2. The activity of Caspase-8 and Caspase-9, in addition to VEGFR-2
level, were assessed by ELISA using the following kits human, EIA-
4863, human, EIA-4860 (DRG International Inc., USA), and Cata-
logue #: OKAG02083 (AVIVA system biology, USA) respectively
and according to manufacturer direction.

2.2.7. Statistical analysis
GraphPad Prism 8.0 (2019, San Diego, CA, USA) was used for

data analysis. All results were represented as means ± SD. ANOVA
followed by Tukey’s multiple comparisons tests was used to assess
the significant differences between groups, and P < 0.05 was con-
sidered significant.
3. Results and discussion

3.1. Characterization of CL+TH-nanoemulsion

3.1.1. DLS
The droplet size of the mixture of clove and thyme essential oils

nanoemulsion was determined as shown in Fig. 1. Results illus-
trated that the mixture of clove and thyme essential oil nanoemul-
sion droplets was in nano size (68.6 nm). The polydispersity index
(PDI) for particles was good (0.281). Tween 80 was employed as a
surfactant due to its elevated hydrophilic-lipophilic balance (HLB)
value, which promotes the formation of oil-in-water emulsions.
The fast adsorption of Tween 80 onto the surface of emulsion dro-
plets renders it more efficient in lowering droplet size compared to
polymeric surfactants [27]. Dai et al. [28] conducted an evaluation
on the production of nanoemulsion with reduced droplet size
through the use of non-ionic surfactants containing double bonds
in their nonpolar chain. Hashem et al. [18] succeeded in the prepa-
ration of CL-nanoemulsion where mean droplets were 91.3 nm and
PDI was 0.448. In a study conducted by Krishnamoorthy et al. [29],
a nanoemulsion of cleome viscosa oil was prepared, where results
observed that the size of the droplets and their retention in the
nanoemulsion at ambient temperature exhibited considerable
variation. Specifically, the droplet diameters ranged from 10 to
19 nm, 23 to 24 nm, and 163 to 63 nm for oil: surfactant ratios
of 1:3, 1:2, and 1:1 (v/v), respectively. Enayatifard et al. [30]
demonstrated that the nanoemulsion of oregano displayed a low
polydispersity index (PDI) value of 0.11, with a mean droplet size
of 72.26 nm. The mean hydrodynamic diameter exhibited a pro-
portional increase with the rise in the concentration of the added
essential oil. This relationship can be attributed to the correspond-
ing increase in the internal volume of the nanoparticle, which is
occupied by the essential oil. The observed expansion in internal
volume is indicative of a corresponding augmentation in the con-
centration of the essential oil within the particle. This phenomenon
may also be ascribed to potential alterations in the organic viscos-
ity and physicochemical characteristics resulting from the dis-
charge of solvent into water.

3.1.2. TEM
TEM analysis was carried out for CL+TH-nanoemulsion to deter-

mine the size and form of the droplets. In the TEM images, the dro-



Fig. 1. DLS of CL+TH-nanoemulsion.
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plets within the nanoemulsion exhibited a dark appearance. The
transmission electron microscopy (TEM) micrograph revealed that
the nanoemulsion of the essential oil had a spherical morphology
and displayed monodispersion. The size of CL+TH-nanoemulsion
droplets ranged from 25.6 to 41.0 nm, as depicted in Fig. 2. The
obtained results were in agreement with Shehabeldine et al. [3]
who found that TEM micrograph showed that CL-nanoemulsion
droplets were approximately 225.8 nm with a spherical shape.
Hassanin et al. [31] observed a reduction in the particle size of
thyme essential oil nanoemulsion through the use of the ultrason-
Fig. 2. Transmission electron microscopic image of a mixture of clove and thyme essen
from 25.6 to 41.0 nm).

23
ication method, resulting in an average size of approximately
34.6 nm. The decrease in droplet size can be attributed to the effec-
tiveness and capabilities of the surfactants employed. Additionally,
the act of stirring contributes to the reduction in droplet size
within an oil-in-water emulsion. Hammad and Hasanin [32]
observed that the nanoemulsions of Spearmint and Thyme had a
spherical form, with either mono- or di-dispersed characteristics.
Furthermore, the size of the Spearmint nanoemulsions ranged
from 5.91 to 9.77, while the Thyme nanoemulsions ranged from
25.4 to 32.9. Abd-Elsalam and Khokhlov [33] demonstrated that
tial oil nanoemulsion prepared by ultrasonication method for 40 min. (size ranging
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the transmission electron microscopy (TEM) analysis revealed the
spherical morphology of the nanoemulsion containing eugenol
oil. The observed size of the nanoemulsion particles fell between
the range of 50–110 nm.

3.2. The in vitro antimicrobial activity

Disc diffusion technique and micro broth dilution test were
used to determine preliminary levels of CL+TH-emulsion and CL
+TH-nanoemulsion against Bacillus cereus ATTC 11778, Staphylo-
coccus aureus ATCC 25923, Escherichia coli ATCC 35218 and Kleb-
siella oxytoca ATCC 51983 as shown in Fig. 3. All of the species
investigated were selected for their exceptional resistance to vari-
ous medications. Results revealed that CL+TH-nanoemulsion sup-
pressed Klebsiella oxytoca, Escherichia coli, Bacillus cereus, and
Staphylococcus aureus with boundaries of inhibition of 23, 22, 21,
and 19 mm, respectively (Table 1). The MIC concentrations of CL
+TH-nanoemulsion toward E. coli, K. oxytoca, S. aureus, and B. cereus
were 6.25 and 25 & 12.5 mg/L correspondingly in Table 1. CL+TH-
nanoemulsion possessed lower MIC values as well as higher inhibi-
tory activity compared to CL+TH-emulsion. This could possibly be
explained by the fact that the particles have been shrunk to the
nanoscale, increasing their surface area and favoring their move-
ment through the studied pathogens’ cell walls and consequent
antimicrobial properties [34,35]. Additionally, nanoemulsion
improves the stability of encapsulated oil by reducing the process
of combustion and disintegration relative to their free equivalents,
favoring their antibacterial action [35]. It ought to be emphasized
that DMSO, which was utilized to dissolve free clove oil and thyme
at a concentration of 2%, was not hazardous to the cells of bacteria
(data not shown). The antibacterial qualities of thyme and clove oil
may be connected to their ability to alter the lipid portion of bac-
terial walls [36,37]. The phenolic hydroxyl on the phenolic ring of
thyme and clove oil increases its affinity for water and enables it to
dissolve in antimicrobial membranes without causing harm to
them [38]. As a result, thyme increases membrane penetration
while lowering an interfacial state of equilibrium which causes
interior substance loss.

3.3. Assessment of the antibiofilm activity of CL+TH-emulsion and CL
+TH-nanoemulsion against S. aureus biofilms

The presence of biofilm colonies in healthcare facilities poses a
threat to health. The settlement of planktonic organism bacteria
eventually develops into a multispecies biofilm, which results in
widespread pharmaceutical malfunctions. A common crystal violet
test was used to quantify biofilm inhibition, and the findings were
presented as a percentage. After 24 h, 8.11 log CFU cm2 of adherent
S. aureus cells were counted. Fig. 4 displays the outcomes of colo-
nization being exposed to the CL+TH-nanoemulsion solutions and
CL+TH-emulsion at 1 MIC and 2 MIC concentrations. The number
of cultured cells in the produced biofilms decreased after exposure
to MIC of free CL+TH-emulsion, which also caused 1.43 log
decreases when compared with untreated (Control). Biofilm popu-
lation decreased occurred with 3.12 log decreased after exposure
to MIC of CL+TH-nanoemulsion. It has been established that the
antibiofilm action of CL+TH-emulsion and CL+TH-nanoemulsion
was dose-dependent (P > 0.05), as more dramatic decreases were
observed at higher concentrations at 2MIC values. The fact that
there were no distinctions among the CL+TH-emulsion at 2 MIC
values and CL+TH-nanoemulsion at MIC suggests that CL+TH-
nanoemulsion promoted the antibiofilm properties exhibited by
the CL+TH-emulsion against S. aureus biofilms even when using
lower concentrations.
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The optimum regimens were exposure to 2 MIC of the CL+TH-
nanoemulsion, which both eliminated biofilms to a 99.99% level
with no discernible distinction (P > 0.05) between them. The
nano-sized pills presumably allowed for excellent Clove and Thy-
mol distribution throughout the biofilm architecture. As the
dimension of particles reduces, it is also known that the amount
of surface coverage expands, allowing for more interaction with
microbes [39]. This is in agreement with previous research by
Miladi et al. [40], 48-h-old S. typhimurium bacterial biofilms were
reduced by 46.3% and 60.6% after being exposed to 2 MIC and 4
MIC carvacrol for 1 h.
3.4. Cytotoxic effect of clove oil+Thym (CL+TH) emulsion and CL+TH-
nanoemulsion against HepG2 and MCF-7 cell lines

Drug carriers, such as nanoemulsions, are used to transport
pharmaceuticals and phytochemicals into cells. They improve the
antibacterial, antioxidant, and anticancer properties of their com-
ponents. Cancer therapy strategies have been drastically altered
thanks to the usage of nanoemulsions, which have proven to be a
safe, biocompatible, and effective drug delivery method [41]. The
cytotoxic effect of CL+TH-emulsion and CL+TH-nanoemulsion on
HepG2 and MCF-7 cell lines was examined by MTT (Fig. 5). The
IC50 values of both CL+TH-emulsion and CL+TH-nanoemulsion
are lower in MCF-7 than HepG2, indicating the most effective cyto-
toxic impact. Besides, CL+TH-nanoemulsion is more cytotoxic than
CL+TH-emulsion on both cell lines. Also, the effect of CL+TH-
nanoemulsion is more effective and significantly cytotoxic than
taxol on MCF-7.

Taxol, also known as paclitaxel, is a chemotherapy medication
widely used to treat a wide variety of cancers. Taxol is one of the
most widely used antitumoral drugs, having been used to treat
over a million patients since its antitumoral action was discov-
ered. Taxol was the first microtubule-targeting medication identi-
fied in the literature, and its principal method of action is the
disruption of microtubule dynamics, which leads to mitotic arrest
and cell death. However, apoptosis also has been found to follow
secondary pathways, such as the increase of reactive oxygen
species (ROS) and the activation of genes and proteins related
to endoplasmic reticulum (ER) stress. However, more research is
needed to confirm if the endoplasmic reticulum stress is caused
by gene dysregulation brought on by p53 activation. On the other
hand, there is a theory that mitochondrial impairment can be
caused by an excessive accumulation of calcium ions (Ca2+)
due to the release of Ca2+ from the endoplasmic reticulum (ER).
The cumulative effect of these factors is an increase in ROS
production [42].

In agreement with the study by Tawfik et al. [43], Teiama 3, we
found that the nanoemulsion on MCF-7 exhibited lower IC50 val-
ues than the emulsion form did, demonstrating that the anticancer
dosage of a thalidomide analog was significantly lowered from
micromolar efficiency to nanomolar efficiency using the
nanoemulsion formula. Our results are consistent with those of
another study which found a dose-dependent antiproliferative
effect of essential oil and two nanoemulsions against hepatocellu-
lar carcinoma cells. Its cell-inhibiting action was enhanced in a
nanoemulsion.
3.5. Effect of CL+TH-emulsion, and CL+TH-nanoemulsion on caspase 8
and caspase 9 activities

The effect of CL+TH-emulsion, and CL+TH-nano emulsion on the
apoptosis markers caspase-8 and caspase-9 are illustrated in Fig. 6



Fig. 3. CL+TH-emulsion and CL+TH-nanoemulsion limit the proliferation of tested bacteria in a concentration-dependent manner using a micro-broth dilution assay. One-
way ANOVA was used for statistical analysis, and Tukey’s test was used to evaluate mean differences; *P < 0.05, **P < 0.01, and ***P < 0.001.
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and Fig. 7 respectively. The data revealed that CL+TH-nano emul-
sion treatment on MCF-7 enhanced both the activity of caspase 8
and caspase 9 significantly and in a similar manner as Taxol. In
contrast, the effect of CL+TH-emulsion treatment on MCF-7 cells
is less effective in enhancing the activity of both caspase 8 and cas-
pase 9 than CL+TH-nano emulsion and Taxol. These data indicated
that increasing the activity of caspases 8 and 9 led to an increase in
the rate of apoptosis and a decrease in the cell viability %. These
results are in accordance with previous work which indicated that
Caspase-8 and -9 are both activated by extrinsic and intrinsic
apoptotic stimuli [44].
25
3.6. Effect of CL+TH-emulsion, and CL+TH-Nano emulsion on VEGFR-2

The effect of Taxol, CL+TH-emulsion, and CL+TH-Nano emulsion
on VEGFR-2 was illustrated in Fig. 8. The data revealed that the
treatment of MCF-7 cells with Taxol, CL+TH-emulsion, and CL
+TH-Nano emulsion significantly decreased VEGFR-2 than control.
Besides, the effect is more pronounced in CL+TH-Nano emulsion
treated cells than Taxol, CL+TH-emulsion but not significant. These
data indicated that the treatment of the MCF-7 cancer cells
decreased the angiogenesis via decreasing the VEGFR-2 and these
data were in accordance with previous work [45,46].



Fig. 3 (continued)

Table 1
Inhibition zones and MIC of CL+TH-emulsion and CL+TH-nanoemulsion.

K. oxytoca E. coli B. subtilis S. aureus

IZ/mm MIC
(mg/mL)

IZ/mm MIC
(mg/mL)

IZ/mm MIC
(mg/mL)

IZ/mm MIC

CL+TH-emulsion 9.2 ± 3.1 ND 10 ± 1.9 ND 13 ± 2.8 100 8.9 ± 1.3 ND
CL+TH-nanoemulsion 23 ± 2.9 6.25 22 ± 3.1 6.25 21 ± 2.9 12.5 19 ± 2.1 25
Ciprofloxacin 15 ± 3.5 50 13 ± 2.6 100 21 ± 2.2 50 21 ± 3.1 50
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Fig. 4. The reduction in the growth of S. auerus and biofilm inhibition by CL+TH emulsion and CL+TH emulsion nanoemulsion at various concentrations.
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Fig. 5. Cytotoxic effect of Taxol, CL+TH-emulsion, and CL+TH-Nano emulsion
against MCF-7, and HepG2 cell lines. Data are represented as mean ± SD of three
independent experiments. *Significant P-value from Taxol group at P < 0.001, #
significant P-value from CL-emulsion group at P < 0.001.

Fig. 6. Effects of Taxol, CL+TH-emulsion, and CL+TH-Nano emulsion on caspase-8 in
MCF-7 cells compared to Taxol. Data are represented as mean ± SD, *: significant
from the control group at P-value < 0.0001.

Fig. 7. Effects of Taxol, CL+TH-emulsion, and CL+TH-Nano emulsion on caspase-9 in
MCF-7 cells compared to Taxol. Data are represented as mean ± SD, *: significant
from the control group at P-value < 0.0001.

Fig. 8. Effects of Taxol, CL+TH-emulsion, and CL+TH-Nano emulsion on VEGFR-2 in
MCF-7 cells. Data are represented as mean ± SD, *: significant from the control
group at P-value < 0.0001.
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4. Conclusions

In the current study, a novel nanoemulsion based on clove and
thyme essential oils was successfully prepared. Characterization
results revealed that the prepared nanoemulsion was in a nano-
form with a spherical shape. Moreover, results illustrated that
the prepared nanoemulsion exhibited promising antibacterial
activity toward Gram-positive and Gram-negative bacteria where
MICs were in the range of 6.25–25 mg/L. Furthermore, the pre-
pared nanoemulsion shows antibiofilm activity against S. aureus
where log CFU was significantly decreased. Moreover, the prepared
nanoemulsion shows anticancer activity with activation of the
apoptotic marker’s caspase-8 and caspase-9. Also, the prepared
28
nanoemulsion suppressed the activity of VEGFR2. Finally, the pre-
pared clove and thyme oil nanoemulsion can be used in biomedical
and pharmaceutical applications after in vivo studies
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