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Three chemotypes of thyme (Thymus
vulgaris L.) essential oil and their main
compounds affect differently the IL-6 and
TNFα cytokine secretions of BV-2 microglia
by modulating the NF-κB and C/EBPβ
signalling pathways
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Abstract

Background: The essential oils possess both antimicrobial and anti-inflammatory effects, therefore they can provide
an effective treatment against infections. Essential oils are widely used as supportive ingredients in many diseases,
especially in the acute and chronic diseases of the respiratory tract. Neuroinflammation is responsible for several
diseases of the central nervous system. Some plant-derived bioactive molecules have been shown to have role in
attenuating neuroinflammation by regulating microglia, the immune cells of the CNS.

Methods: In this study, the anti-inflammatory effect of three chemotypes of thyme essential oil and their main
compounds (geraniol, thujanol and linalool) were examined on lipopolysaccharide-induced BV-2 microglia. Three
different experimental setups were used, LPS pretreatment, essential oil pretreatment and co-treatments of LPS and
essential oils in order to determine whether essential oils are able to prevent inflammation and can decrease it. The
concentrations of the secreted tumour necrosis factor α (TNFα) and interleukin-6 (IL-6) proinflammatory cytokines
were measured and we analysed by Western blot the activity of the cell signalling pathways, NF-κB and CCAAT-
enhancer binding protein β (C/EBPβ) regulating TNFα and IL-6 proinflammatory cytokine expressions in BV-2 cells.

Results: Our results showed definite alterations in the effects of essential oil chemotypes and their main
compounds at the different experimental setups. Considering the changes of IL-6 and TNFα secretions the best
reduction of inflammatory cytokines could be reached by the pretreatment with the essential oils. In addition, the
main compounds exerted better effects than essential oil chemotypes in case of LPS pretreatment. At the essential
oil pretreatment experiment, the effect of linalool and geraniol was outstanding but there was no major difference
between the actions of chemotypes and standards. Main compounds could be seen to have large inhibitory effects
on certain cell signalling components related to the activation of the expression of proinflammatory cytokines.
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Conclusion: Thyme essential oils are good candidates to use in prevention of neuroinflammation and related
neurodegeneration, but the exact ratio of the components has to be selected carefully.
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Background
Today there is an increasing demand for the use of natural
ingredients and their derivatives in the treatment of differ-
ent health problems. Among them essential oils enjoy
popularity, which are commonly used nowadays in cos-
metics, health care, traditional medicine and food industry.
Because of their antimicrobial activities, the application of
the essential oils is widespread. They have a complex mode
of action due to their multiple composition. The compos-
ition of essential oils is variable and the physiological action
and organoleptic characteristic is dominated by the major
constituent defined by chemotype [1, 2].
The volatile essential oils can easily reach the upper

and lower parts of the respiratory tract via inhalation.
They possess both antimicrobial and anti-inflammatory
effects, therefore they can provide an effective treatment
against infections [3–6]. After infection several molecu-
lar and cellular events play role in stimulating initial
acute inflammation, which leads to the accumulation of
leukocytes and plasma proteins induced by cytokines de-
rived from protector cells like dendritic, mast, endothe-
lial cells and macrophages [7, 8].
Microglia, the immune cells of the central nervous sys-

tem (CNS) are activated at inflammation process and
produce inflammatory cytokines, which may impair the
function of nerve cells causing cell death [9]. Therefore,
the role of the anti-inflammatory extracts and their com-
ponents obtained from plants are highly important. Fur-
thermore, neuroinflammation is responsible for several
CNS diseases (e.g. neurodegenerative disorders, depres-
sion, sleep disorders, and stroke) [10–12]. To prevent
neuroinflammation there is possibility to cure these dis-
orders. Some plant-derived bioactive molecules have
been shown to have role in attenuating neuroinflamma-
tion [11, 13–15]. Recent evidence has proven that the es-
sential oils can transfer through the nasal mucosa during
inhalation, can enter the blood circulation and pass
through the blood-brain barrier [16, 17].
Because of the great number of constituents, essential

oils seem to have several potential cellular targets [18].
Pérez et al. [6] summarized the anti-inflammatory prop-
erties of some essential oils and their proposed or stud-
ied mechanism of action. These mode of actions include
various processes, e.g. modulation of lipoxygenase en-
zymatic activity, nitric oxide (NO) inhibition, inhibition
of secretion of proinflammatory cytokines like tumour
necrosis factor α (TNFα) and interleukin-1β (IL-1β), and
inhibition of NF-κB activation.

Essential oil of thyme (Thymus vulgaris L.) is utilized
as complementary therapy of acute and chronic diseases
of the respiratory tract [19, 20]. The diverse biological
activities of thyme oil are related to its main phenolic
compounds, thymol and carvacrol [21, 22]. The anti-
inflammatory effect of thyme oil and some of its main
components has been widely studied and proved using
mice models [23, 24] and cells like THP-1 (human acute
monocytic leukaemia cell line) [25], J774A.1 (murine
macrophage cell line) [26, 27], human polymorpho-
nuclear neutrophils [28] and RAW 264.7 (murine
macrophage cell line) [29].
In our previous studies we have demonstrated the

antibacterial activity of thyme essential oil against some
respiratory pathogens [30, 31]. Due to its antimicrobial
and anti-inflammatory potency, it may offer an effective
treatment in neuroinflammation. However, its role in
the mechanism of neuroinflammation is not fully under-
stood [11].
The aim of this study was to examine the anti-

inflammatory effect of three chemotypes of thyme essen-
tial oil and their main compounds on lipopolysaccharide
(LPS)-induced BV-2 microglia. Furthermore, this study
is the first in which the anti-inflammatory effect of gera-
niol and thujanol chemotypes of thyme oil (Thymus vul-
garis L.) and their main compounds (geraniol and
thujanol) was examined on BV-2 microglia.
Our results unravelled that thyme oil chemotypes and

their main compounds possess anti-inflammatory effect
on LPS-induced microglia via modulating the activation
of NF-κB and C/EBPβ signalling pathways and decreas-
ing the secretion of IL-6 and TNFα proinflammatory cy-
tokines. It was demonstrated that chemotypes and the
main compounds exerted different inhibitory effects on
the examined signalling proteins. Based on our results
we suppose that development of an essential oil product
containing the major compounds of thyme essential oil
in a proper ratio would be successful as complementary
neurotherapeutics against neuroinflammation.

Methods
Essential oils
Three chemotypes of Thymus vulgaris essential oil, linal-
ool (Lot number: OF16244), geraniol (Lot number:
OF7289) and thujanol (Lot number: OF19102) were pur-
chased from Panarom (Panarom Naturkozmetika Kft.,
Budapest, Hungary). Linalool, geraniol and thujanol es-
sential oil standards were purchased from Sigma-Aldrich
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(Sigma-Aldrich Kft., Budapest, Hungary). Stock solutions
of the chemotypes were produced by adding 100 μL of
pure dimethyl sulfoxide (DMSO, Sigma-Aldrich Kft.,
Budapest, Hungary) to 900 μL of essential oil, therefore
the stock solution contained 90% of essential oil and
10% of DMSO. The emulsions were mixed by vortexing
then were diluted with phosphate buffered saline (PBS,
Lonza Ltd., Basel, Switzerland) 200-fold, 500-fold and
1000-fold. Stock solutions of linalool and geraniol stan-
dards were prepared the same way as the chemotypes.
Stock solutions of thujanol standard was prepared by
solving 4 mg of thujanol in 1 mL of DMSO. Dilutions of
the standard stock solutions were carried out the same
way as in case of the essential oil chemotypes. For con-
trol experiments 10% DMSO stock solution was pre-
pared in PBS and was diluted the same way as the
essential oils, 200-fold, 500-fold and 1000-fold. The final
concentrations of DMSO used in the experiments were
0.05, 0.02 and 0.01% according to the dilutions.

GC-MS analysis
The chemical composition of the thyme oil chemotypes
was analysed by gas chromatography-mass spectrometry
(GC-MS). A 1 μL of each essential oil sample was diluted
in ethanol (10 μL/mL) then it was injected in split mode.
The temperature of the injector was 250 °C, the split ra-
tio was 1:10. The analyses were carried out with an Agi-
lent 6890 N/5973 N GC-MSD (Santa Clara, CA, USA)
system equipped with a Supelco (Sigma-Aldrich Kft.,
Budapest, Hungary) SLB-5MS capillary column (30 m ×
250 μm× 0.25 μm). The GC oven temperature increased
from 60 °C (3 min isothermal) to 250 °C at 8 °C /min (1
min isothermal). The carrier gas was high purity helium
(6.0; at 1.0 mL/min (37 cm/s)) in a constant flow mode.
The mass selective detector (quadrupole mass analyser)
was operated in electron ionization mode at 70 eV in a
full scan mode (41–500 amu at 3.2 scan/s). The data
were analysed using MSD ChemStation D.02.00.275
software (Agilent Technologies, Santa Clara, CA). The
identification of the compounds was carried out by com-
paring retention times and recorded spectra with the
data of authentic standards involving the NIST 2.0 li-
brary. The calculation of the percentage was carried out
by area normalization [30].

Cell culture and treatments
BV-2 murine microglial cells (kind gift from Prof. László
Tretter and his research group) were maintained in
Dulbecco’s Modified Eagle Medium (DMEM; Lonza
Ltd., Basel, Switzerland) supplemented with 10% fetal
bovine serum (FBS, EuroClone S.p.A, Pero, Italy) and 1%
penicillin/streptomycin (Lonza Ltd., Basel, Switzerland).
The cells were cultured on poly-L-ornithine (Sigma-Al-
drich Kft., Budapest, Hungary) coated dishes (Sarstedt

Kft., Budapest, Hungary). BV-2 cells were seeded into 6-
well plates and were cultured for 24 h before the treat-
ments. The cells were treated with 200-fold diluted
essential oil chemotypes and standards to determine
their effects on cytokine production. Inflammatory
condition was generated by LPS treatment (1 μg/mL,
Escherichia coli O55:B5, Sigma-Aldrich Kft., Budapest,
Hungary). Anti-inflammatory effects of essential oils
were determined in three different experiments: LPS
pretreatment for 24 h then essential oil treatment for 24
h; essential oil pretreatment for 24 h then LPS treatment
for 24 h; and co-treatment with LPS and essential oils
for 24 h. DMSO treated cells were used as controls. The
final concentrations of DMSO used in the experiments
were 0.05, 0.02 and 0.01% according to the dilutions.
Each experiments were repeated at least three times. All
experiments were carried out in a humidified atmos-
phere containing 5% CO2 at 37 °C.

Cell viability assay
BV-2 cells were plated onto 96-well plates using 5 × 103

cells/well. Cells were treated with essential oils and stan-
dards in 200-fold, 500-fold and 1000-fold dilutions for 6
h and 24 h. Viability of the BV-2 cells were measured
using Cell Counting Kit-8 (CCK-8) cell viability assay
(Sigma-Aldrich Kft., Budapest, Hungary) after the treat-
ments. DMSO treated cells were used as controls of the
essential oil treated cells, while the effect of DMSO on
cell viability was determined by using untreated cells as
controls. After each treatment 10 μL of WST-8 reagent
was added to each well, then the plates were incubated
for 1 h at 37 °C and 5% CO2. After incubation, 10 μL of
1% sodium-dodecyl sulphate (SDS, Molar Chemicals
Kft., Halásztelek, Hungary) was added to each well to
stop the reaction. The absorbance of the samples was
measured at 450 nm using MultiSkan GO microplate
spectrophotometer (Thermo Fisher Scientific Inc., Wal-
tham, MA). Viability was expressed as percentile of the
total cell number of the appropriate control.

Real-time PCR
BV-2 cells were treated the same way as described earl-
ier, in 6-well culture dishes (3 × 105 cells/well). After the
treatments, BV-2 cells were washed with PBS and then
were collected after trypsinization. Total RNA was iso-
lated from each sample using Quick RNA mini kit
(Zymo Research, Irvine, CA). Complementary DNA was
synthesised from 200 ng of total RNA using High
capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Thermo Fisher Scientific Inc., Waltham,
MA) according to the manufacturer’s protocol. Deter-
mination of gene expressions was performed in a CFX96
Real-time System (Bio-Rad Inc., Hercules, CA) using
iTaq™ Universal SYBR® Green Supermix (Bio-Rad Inc.,
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Hercules, CA) in a 20 μL of total reaction volume. Melt-
ing curves were generated after each quantitative PCR
run to ensure that a single specific product was ampli-
fied. Relative quantification was calculated by the Livak
(ΔΔCt) method using the Bio-Rad CFX Maestro soft-
ware (Bio-Rad Inc., Hercules, CA). The expression level
of the gene of interest was compared with the level of β-
actin in each sample. These relative expression rates
were then compared between the treated and the un-
treated samples. The relative expression of the controls
was regarded as 1 [31]. The mRNA expression of the
treated cells were compared to the controls. The primer
sequences used in this study are described in Table 1.

Enzyme-Linked Immunosorbent Assay (ELISA)
Measurements
After each treatment of the cells, culture media of the
control and treated cells were collected and stored at −
80 °C until the measurements. Secreted IL-6 and TNFα
concentrations of the culture media were determined
with mouse IL-6 and mouse TNFα ELISA Kits (Thermo
Fisher Scientific Inc., Waltham, MA) according to the
instructions of the manufacturer [32].

Immunoblotting
BV-2 cells were seeded onto 6-well culture dishes (3 ×
105 cells/well) and were treated after a 24 h incubation
period. BV-2 cells were fractionated immediately after
collection using Subcellular Protein Fractionation Kit for
Cultured Cells (Thermo Fisher Scientific Inc., Waltham,
MA) according to the manufacturer’s protocol. Protein
contents of each protein fraction were measured with
DC Protein Assay Kit (Bio-Rad Inc., Hercules, CA). The
same amount of protein (15 μg) from each sample was
loaded onto 10% or 12% SDS-polyacrylamide gels. After
the electrophoresis the protein content of the gels were
transferred by electro- blotting to nitrocellulose mem-
branes (Pall AG, Basel, Switzerland). The membranes
were blocked with 5% non-fat dry milk in TBST (Tris
buffer saline, 0.1% Tween-20) for 1 h at room
temperature [33]. After the blocking step, the mem-
branes were probed with the following polyclonal rabbit
antibodies for overnight at 4 °C according to the manu-
facturer’s protocols: anti-NF-κB/p50 IgG (1:1000, Sigma-

Aldrich Kft., Budapest, Hungary), anti-NF-κB/p65 IgG
(1:2000, Cell Signaling Technology Europe, Leiden, The
Netherlands) and anti-phospho-C/EBPβ IgG (1:1000,
Thermo Fisher Scientific Inc., Waltham, MA). β-actin (1:
2000; Sigma-Aldrich Kft., Budapest, Hungary) was used
as housekeeping control in all Western blot experiments.
Goat anti-rabbit HRP-conjugate was used as secondary
antibody (1:3000; Bio-Rad Inc., Hercules, CA). Protein
detection was carried out with WesternBright ECL
chemiluminescent substrate (Advansta Inc., San Jose,
CA). Optical densities of Western blots were determined
using ImageJ software [34], and were expressed as per-
centage of target protein/β-actin abundance.

Statistical analysis
The data presented are representative of at least three
independent experiments. For all data, n corresponds to
the number of independent experiments. Real-time PCR
and cell viability assays and ELISA measurements were
carried out in triplicate in each independent experi-
ments. Statistical analysis was performed using SPSS
software (IBM Corporation, Armonk, NY, USA). Statis-
tical significance was determined by Kruskal-Wallis one-
way ANOVA non-parametric test using pairwise
comparisons [33]. Data are shown as mean ± standard
deviation (SD). The difference between means was deter-
mined at 95% confidence intervals. Statistical signifi-
cance was set at p value < 0.05.

Results
Effects of essential oils on cell viability of BV-2 cells
According to the GC-MS, geraniol (54.9%), thujanol
(33.9%) and linalool (69.2%) were detected as main com-
pounds in the three thyme oil chemotypes. Treatments
with essential oils might be harmful to the cells [35–37],
therefore their effects on cell viability in different dilu-
tions (200-fold, 500-fold and 1000-fold) at 6 h and 24 h
long treatments were examined DMSO was used as a
carrier in the stock solutions, therefore, the effect of
DMSO on the cells was also determined. DMSO did not
affect significantly the cell viability (Fig. 1a,b). The three
different chemotypes of the thyme essential oil acted
similarly on the BV-2 cells, they did not caused signifi-
cant changes on viability. The only exception was linal-
ool that decreased significantly the viability at 6 h in
each dilutions (Fig. 1b). On the contrary, essential oil
standards caused remarkable alterations in cell viability.
Both linalool and geraniol increased the viability of BV-2
cells at 6 h and 24 h, in the latter time point the eleva-
tion was significant (Fig. 1b). Meanwhile, thujanol stand-
ard decreased the viability at 6 h, but increased it at 24 h
(Fig. 1b). Based on the results it seems that neither the
standards nor the chemotypes were not toxic for the
cells at 24 h. Therefore we chose the 200-fold dilution of

Table 1 Real-time PCR gene primer list

Primer Sequence 5′→ 3’

IL-6 forward CTCTGCAAGAGACTTCCATCCA

IL-6 reverse GACAGGTCTGTTGGGAGTGG

TNFα forward GATCGGTCCCCAAAGGGATG

TNFα reverse CCACTTGGTGGTTTGTGAGTG

β-actin forward CTGTCGAGTCGCGTCCA

β-actin reverse TCATCCATGGCGAACTGGTG
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essential oil chemotypes and standards for further stud-
ies. Percentage (%) and relative concentrations (μg/mL)
of the main compounds of different chemotype thyme
oils can be seen in Table 2. The compositions of the ex-
amined essential oil chemotypes can be seen in Table 3.

Effects of essential oils on mRNA expression and
secretion of IL-6 and TNFα
IL-6 and TNFα are proinflammatory cytokines, and their
increased productions indicate the activation of the
microglial cells. 24 h long treatments of BV-2 cells were
carried out to determine their effects on the mRNA
levels and protein secretions of IL-6 and TNFα cyto-
kines. All of the examined essential oil chemotypes and
their standards significantly decreased the mRNA ex-
pressions of IL-6 and TNFα compared to the DMSO
treated control cells (Fig. 2a). All of the essential oil
chemotypes decreased the IL-6 secretion (Fig. 2b). From
the standards, only linalool was able to decrease signifi-
cantly the IL-6 secretion, meanwhile thujanol standard
significantly increased IL-6 protein level (Fig. 2b). ELISA
measurements showed that the same three chemotypes,
linalool, geraniol and thujanol decreased TNFα secretion
suggesting that these chemotypes are good candidates
for anti-inflammatory treatment against neuroinflamma-
tion. Linalool and geraniol standards were also

successful in decreasing significantly the TNFα secretion.
Thujanol standard treated cells showed also decreased
TNFα level, but it could not be consider as a significant
change (Fig. 2b).

Essential oils alter mRNA expression and secretion of IL-6
and TNFα after lipopolysaccharide pretreatment
At inflammation, BV-2 cells increase the production of
the proinflammatory cytokines. Experiments were car-
ried out to reveal whether thyme essential oil chemo-
types and standards were able to ameliorate the effect of
24 h LPS pretreatment on the IL-6 and TNFα secretions
of the BV-2 cells. Geraniol and thujanol chemotypes de-
creased the mRNA level of IL-6, while among the stan-
dards only geraniol was able to downregulate the IL-6
mRNA expression (Fig. 3a). At mRNA level, all three es-
sential oil chemotypes decreased significantly the TNFα
expression. Treatments with linalool and geraniol stan-
dards also resulted in the downregulation of TNFα
mRNA levels (Fig. 3a). Linalool chemotype decreased IL-
6 secretion of BV-2 cells after LPS pretreatment suggest-
ing an anti-inflammatory effect of this essential oil (Fig.
3b). Geraniol and thujanol chemotypes could not de-
crease IL-6 production compared to the LPS treatment
(Fig. 3b). In case of TNFα cytokine linalool, geraniol and
thujanol chemotypes successfully reduced the TNFα

Fig. 1 Cell viability determinations of the treated BV-2 cells. Viability of the BV-2 cells was measured using CCK-8 cell viability assay after the 6 h
and 24 h long treatments with DMSO, chemotypes or standards. Viability is expressed as percentile of the total cell number of the control cells. a
Cell viability measurements of BV-2 cells treated with DMSO or essential oil chemotypes. b Cell viability measurements of BV-2 cells treated with
DMSO or essential oil standards. The bars represent mean values and error bars represent standard deviation (SD) for four independent
determinations (n = 4). Cell viability assays were carried out in triplicate in each independent experiments. Asterisks indicate p < 0.05 compared to
the DMSO treated cells used as controls

Table 2 Percentage (%) and relative concentrations (μg/mL) of the main compounds of different chemotype thyme oils used in the
experiments and the dilution of the main oil compounds without cytotoxic effect

Compound LRI Percentage of compound
in the oila

Relative concentration of compound
in the experimentsb (μg/mL)

Dilution of compound without
cytotoxic effect

Geraniol 1253 54.9 2.1 200

Linalool 1104 69.2 2.7 200

Thujanol 1154 33.9 0.6 200
aLRI - linear retention index on SLB-5MS column
bThe relative concentrations were chosen based on the calculation as if the cells were treated with 200 μL essential oil

Horváth et al. BMC Complementary Medicine and Therapies          (2021) 21:148 Page 5 of 14



Table 3 Percentage (%) and relative concentrations (μg/mL) of the compounds of different chemotype thyme oils
Percentage of compound in the thyme
chemotypesa

Relative concentration of compound in the
experimentsb (μg/mL)

Compound LRI Geraniol Thujanol Linalool Geraniol Thujanol Linalool

α-Thujene 930 ND 0.4 0.6 ND 0.018 0.028

α-Pinene 939 0.1 1.2 1.4 0.004 0.051 0.061

Camphene 951 0.3 0.2 0.4 0.012 0.0084 0.017

1-Octen-3-ol 978 0.1 ND ND 0.004 ND ND

β-Myrcene 979 0.1 0.7 1.0 0.004 0.028 0.04

β-Pinene 992 ND 0.4 0.1 ND 0.017 0.004

α-Phellandrene 1003 ND 1.2 0.1 ND 0.051 0.004

α-Terpinene 1017 ND 1.4 0.1 ND 0.059 0.004

p-Cymene 1026 0.2 2.1 4.2 0.009 0.090 0.18

Limonene 1029 0.1 1.8 1.3 0.004 0.076 0.055

1,8-Cineole 1046 0.2 0.4 0.9 0.009 0.018 0.041

γ-Terpinene 1060 0.1 2.9 1.3 0.004 0.123 0.055

Terpinolene 1093 ND 0.7 1.2 ND 0.031 0.052

Linalool 1104 3.0 8.4 69.2 0.128 0.361 2.736

Myrcenol 1123 0.1 3.2 ND 0.004 0.136 ND

cis-β-Terpineol 1144 0.2 ND 1.5 0.009 ND 0.007

Verbenol 1145 ND 0.2 0.1 ND 0.001 0.001

Camphor 1146 0.1 0.1 1.2 0.005 0.005 0.059

trans-Thujanol 1154 ND 33.9 ND ND 0.616 ND

cis-Thujanol 1159 ND 6.5 ND ND 0.033 ND

trans-β-Terpineol 1163 ND 0.8 0.1 ND 0.037 0.005

Borneol 1169 1.5 0.4 2.3 0.008 0.002 0.012

Terpinen-4-ol 1177 0.6 11.9 8.3 0.028 0.555 0.373

α-Terpineol 1190 ND 4.3 1.8 ND 0.204 0.084

trans- Piperitol 1208 ND 0.1 0.5 ND 0.005 0.024

Nerol 1230 1.9 4.2 0.1 0.084 0.185 0.004

Neral 1238 0.8 ND ND 0.035 ND ND

Geraniol 1253 54.9 1.9 ND 2.193 0.083 ND

Linalyl acetate 1257 0.3 2.9 0.6 0.013 0.130 0.027

Geranial 1267 1.3 ND ND 0.058 ND ND

Bornyl acetate 1289 0.2 ND ND 0.010 ND ND

Thymol 1297 1.4 0.7 0.9 0.067 0.034 0.043

Carvacrol 1299 0.7 ND ND 0.034 ND ND

Neryl acetate 1365 0.2 ND ND 0.009 ND ND

Geranyl acetate 1381 18.6 0.7 ND 0.851 0.032 ND

β-Caryophyllene 1417 5.7 4.0 0.6 0.3 0.180 0.027

α-Humulene 1452 0.1 ND ND 0.004 ND ND

Geranyl propionate 1486 2.2 ND ND 0.099 ND ND

Germacrene D 1486 ND 0.8 ND ND 0.032 ND

Geranyl isobutyrate 1515 0.3 ND ND 0.013 ND ND

Elemol 1550 2.2 ND ND 0.103 ND ND

Caryophyllene oxide 1583 1.4 0.6 ND 0.067 0.029 ND

β-Eudesmol 1651 0.4 ND ND 0.019 ND ND

Total: 99.3 99.0 99.8
aLRI - linear retention index on SLB-5MS column
bThe relative concentrations were chosen based on the calculation as if the cells were treated with 200 μL essential oil
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secretion (Fig. 3b). Between the standards, linalool and
geraniol significantly decreased both IL-6 and TNFα
productions of the BV-2 cells, while thujanol was inef-
fective (Fig. 3b).

Essential oil pretreatment alters the mRNA expression
and secretion of IL-6 and TNFα of BV-2 cells exposed to
LPS
Additional experiments were carried out to reveal
whether a pretreatment of BV-2 cells with essential oils
was capable to attenuate the inflammatory effect of LPS.
Linalool, geraniol and thujanol chemotypes were able to

decrease both the IL-6 and TNFα mRNA levels (Fig. 4a).
Among essential oil standards, only geraniol was capable
to downregulate IL-6 mRNA expression and interest-
ingly geraniol was the only one that did not decrease the
TNFα mRNA level. Linalool and thujanol standards
were effective only against the elevated TNFα mRNA ex-
pression (Fig. 4a). At protein level, both chemotypes and
standards of linalool and geraniol significantly decreased
IL-6 secretion suggesting that might be a delay between
mRNA expression and protein synthesis (Fig. 4b). The
results of TNFα ELISA revealed that all essential oil che-
motypes and standards decreased TNFα secretion except

Fig. 2 mRNA and protein levels of IL-6 and TNFα after essential oil treatments of BV-2 cells. BV-2 cells were treated with 200-fold diluted essential
oil chemotypes and standards, and DMSO treatment was used as a control of the treated cells. Real-time PCR was performed with SYBR green
protocol using IL-6 and TNFα specific primers. β-actin was used as housekeeping gene for the normalization and relative expression of controls
was considered as 1. Proinflammatory cytokine secretions were determined using IL-6 or TNFα specific ELISA kits according to the manufacturer’s
protocols. a Relative mRNA expressions of IL-6 and TNFα of the essential oil treated cells. b IL-6 and TNFα ELISA measurements from the
supernatant of the essential oil treated BV-2 cells. The bars represent mean values and error bars represent standard deviation (SD) for three
independent determinations (n = 3). Real-time PCR and ELISA measurements were carried out in triplicate in each independent experiments.
Asterisks indicate p < 0.05 compared to the control

Fig. 3 Effects of essential oils on mRNA and protein levels of IL-6 and TNFα after LPS pretreatment. BV-2 cells were pretreated with 1 μg/mL LPS
for 24 h then 200-fold diluted essential oil chemotypes and standards were added to the pretreated BV-2 cells for 24 h. DMSO treatment was
used as a control of the treated cells. Real-time PCR was performed with SYBR green protocol using IL-6 and TNFα specific primers. β-actin was
used as housekeeping gene for the normalization and relative expression of controls was considered as 1. Proinflammatory cytokine secretions
were determined using IL-6 or TNFα specific ELISA kits according to the manufacturer’s protocols. a Relative mRNA expressions of IL-6 and TNFα
of the LPS pretreated cells. b IL-6 and TNFα ELISA measurements from the supernatant of the LPS pretreated BV-2 cells. The bars represent mean
values and error bars represent standard deviation (SD) for three independent determinations (n = 3). Real-time PCR and ELISA measurements
were carried out in triplicate in each independent experiments. Asterisks indicate p < 0.05 compared to the control. Crosses show p < 0.05
compared to the LPS treatment
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thujanol standard suggesting that pure thujanol essential
oil acts through different pathways or it has distinct ef-
fect on TNFα synthesis (Fig. 4b).

Effects of LPS and essential oil co-treatments on the
mRNA expression and secretion of IL-6 and TNFα of BV-2
cells
BV-2 cells were treated parallel with LPS and essen-
tial oils to clarify whether the essential oil chemo-
types and/or standards could modify the effect of LPS
on the proinflammatory cytokine production of
microglia. Essential oil chemotypes and geraniol

standard were successful in decreasing the mRNA
levels of IL-6 and TNFα cytokines (Fig. 5a). IL-6
mRNA level was also elevated by linalool and thuja-
nol standards; moreover linalool significantly in-
creased TNFα mRNA expression as well (Fig. 5a). All
of the chemotypes, and among the standards only ge-
raniol were capable to decrease both IL-6 and TNFα
secretions (Fig. 5b). Linalool standard decreased only
TNFα secretion while thujanol standard was effective
against IL-6 production (Fig. 5b). Interestingly, thuja-
nol standard increased TNFα secretion compared to
the LPS treatment (Fig. 5b).

Fig. 4 Effects of essential oil pretreatment on mRNA and protein levels of IL-6 and TNFα. BV-2 cells were pretreated with 200-fold diluted
essential oils for 24 h then 1 μg/mL LPS was added to the pretreated BV-2 cells for 24 h. DMSO treatment was used as a control of the treated
cells. Real-time PCR was performed with SYBR green protocol using IL-6 and TNFα specific primers. β-actin was used as housekeeping gene for
the normalization and relative expression of controls was considered as 1. Proinflammatory cytokine secretions were determined using IL-6 or
TNFα specific ELISA kits according to the manufacturer’s protocols. a Relative mRNA expressions of IL-6 and TNFα of the essential oil pretreated
cells. b IL-6 and TNFα ELISA measurements from the supernatant of the essential oil pretreated BV-2 cells. The bars represent mean values and
error bars represent standard deviation (SD) for three independent determinations (n = 3). Real-time PCR and ELISA measurements were carried
out in triplicate in each independent experiments. Asterisks indicate p < 0.05 compared to the control. Crosses show p < 0.05 compared to the
LPS treatment

Fig. 5 Effects of LPS and essential oil co-treatments on mRNA and protein levels of IL-6 and TNFα cytokines. BV-2 cells were treated with 1 μg/mL
LPS and 200-fold diluted essential oils for 24 h. DMSO treatment was used as a control of the treated cells. Real-time PCR was performed with
SYBR green protocol using IL-6 and TNFα specific primers. β-actin was used as housekeeping gene for the normalization and relative expression
of controls was considered as 1. Proinflammatory cytokine secretions were determined using IL-6 or TNFα specific ELISA kits according to the
manufacturer’s protocols. a Relative mRNA expressions of IL-6 and TNFα of the co-treated cells. b IL-6 and TNFα ELISA measurements from the
supernatant of the co-treated BV-2 cells. The bars represent mean values and error bars represent standard deviation (SD) for three independent
determinations (n = 3). Real-time PCR and ELISA measurements were carried out in triplicate in each independent experiments. Asterisks indicate
p < 0.05 compared to the control. Crosses show p < 0.05 compared to the LPS treatment
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Effects of essential oils on the NF-κB and phospho-C/
EBPβ pathways regulating proinflammatory cytokine
expression
LPS activates NF-κB pathway of microglia through toll-
like receptor 4 (TLR4). After nuclear translocation, the
NF-κB transcription factor activates the expression of
proinflammatory genes (e.g. IL-6 and TNFα) by binding
to their promoter regions [38, 39]. The effect of essential
oil chemotypes and standards on the protein level of

NF-κB using specific antibodies against p50 and p65
proteins were examined. In case of the LPS pretreatment
following by essential oil treatments, the p50 level de-
creased by linalool and geraniol standards; meanwhile
they did not change significantly the p65 protein level
(Fig. 6a,d). Geraniol chemotype and thujanol standard
decreased both p50 and p65 protein levels (Fig. 6a,d).
Linalool chemotype did not affect the protein level of
the examined NF-κB proteins.

Fig. 6 Western blot analyses of NFκB and phospho-C/EBPβ signalling pathways regulating proinflammatory cytokine production of BV-2 cells. BV-
2 cells were fractionated immediately after collection and protein contents of the fractions were determined. The same amount of protein from
each sample was loaded onto SDS-PAGE and transferred to nitrocellulose membranes then the membranes were probed with NFκB/p50, NFκB
/p65 or P-C/EBPβ polyclonal rabbit antibodies according to the manufacturer’s protocol. β-actin was used as housekeeping control. a Protein
levels of p50, p65 and P-C/EBPβ after LPS pretreatment. b Protein levels of p50, p65 and P-C/EBPβ after essential oil pretreatment. c Protein levels
of p50, p65 and P-C/EBPβ after LPS and essential oil co-treatment. d-f Optical densities of the Western blot analyses of p50, p65 and P-C/EBPβ
after the different treatments. The Western blots were analysed using ImageJ software, the optical density of the examined proteins was
expressed as percentage of target protein/β-actin abundance. The bars represent mean values and error bars represent standard deviation (SD)
for three independent experiments (n = 3). Asterisks indicate p < 0.05 compared to the control. Crosses show p < 0.05 compared to the LPS
treatment. The protein samples from the same experiment were separated on different gels and only the target protein is visible on the blot
used for the figure. Full-length blots are presented in Supplementary Fig. 1
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Essential oil pretreatment partially changed the protein
expression levels of NF-κB proteins regulated by LPS.
Linalool standard decreased the examined protein levels
(Fig. 6b,e). Thujanol chemotype and geraniol standard
decreased p50 levels. Interestingly, geraniol chemotype
altered only p50 level (Fig. 6b,e). Linalool chemotype
acted the same was as in case of LPS pretreatment, it
did not affect NF-κB protein expressions (Fig. 6b,e).
LPS and essential oil co-treatments revealed com-

pletely different results compared to the former experi-
ments. Geraniol standard was the most effective against
NF-κB proteins; it decreased the levels of all of the ex-
amined proteins. However, geraniol chemotype did not
change the levels of any of these proteins (Fig. 6c,f). Ge-
raniol standard decreased both NF-κB protein levels, but
geraniol chemotype did not. Thujanol chemotype and
standard only decreased p50 protein level. Linalool che-
motype successfully decreased p50 protein level, while
linalool standard did not exert any changes on NF-κB
proteins (Fig. 6c,f).
Based on these Western blot results it seems that gera-

niol standard has the most powerful effect on the LPS-
stimulated inflammatory response. Geraniol chemotype
and linalool and thujanol standards were also successful
in decreasing the effect of LPS treatment on NF-κB
pathway. Thujanol chemotype and standard and linalool
standard could prevent NFκB activation at LPS
treatment.
The alterations of the NF-κB signalling pathway could

not explain completely the changes in the TNFα expres-
sion; therefore, the level of the P-C/EBPβ transcription
factor, which has been described as a possible TNFα
regulator in myelomonocytic cell lines [37] was also ex-
amined. All of the essential oil standards and among the
chemotypes geraniol and thujanol could attenuate the
effect of LPS pretreatment on P-C/EBPβ transcription
factor (Fig. 6a,d). In case of essential oil pretreatment
the aforementioned chemotypes and standards success-
fully decreased P-C/EBPβ protein level with the only ex-
ception thujanol standard (Fig. 6b,e). Interestingly, the
co-treatment of BV-2 cells with LPS and essential oils
did not affect the level of P-C/EBPβ transcription factor,
only geraniol chemotype decreased significantly the P-C/
EBPβ protein level (Fig. 6c,f). Geraniol chemotype was
the only essential oil, which was able to decrease P-C/
EBPβ level in each experiment. Moreover, this chemo-
type was also successful in preventing the effect of LPS
treatment on NFκB pathway. Thujanol chemotype and
linalool, geraniol standards were also capable to prevent
the LPS-induced C/EBPβ activation. The only essential
oil that was ineffective in C/EBPβ activation in all three
types of experiments was linalool chemotype. Moreover,
linalool chemotype produced no effect on the NFκB acti-
vation, too.

Discussion
Large number of medicinal herbs and their extracts are
used for treatments of various diseases. One of the most
frequently examined plant is thyme (Thymus vulgaris L.).
Different chemotypes of the essential oils of this plant
have been tested in the past and proved their antibacterial
and antifungal activities, though at various effectiveness
against the certain microbes [21, 40].
It is clear that there are fundamental differences among

essential oils and their chemotypes not only in their thera-
peutic but also in their basic effects on cultured cells [41],
which was proved by the viability assays carried out in
time and concentration dependence. In addition plant ex-
tracts behave distinctly depending on the target cell: in a
numerous experiments they were used not on cultured
cells but against microbes directly [42].
Nowadays it has been accepted that inflammation is

playing a determining role in the development and ser-
iousness of neurodegenerative diseases, like Alzheimer’s
disease, Parkinson’s disease or multiple sclerosis [43]. In
the central nervous system astrocytes and microglia are
responsible for mediating the immunoresponse against
inflammatory agents [43]. The essential oils are lipo-
philic and organic molecules, which are able to transfer
across the epithelium in nasal mucosa. Upon passing
through the epithelium they move into systemic circula-
tion and cross the blood-brain barrier [16], although the
components of the essential oils show different perme-
ability via the blood-brain barrier [17]. Cheng et al. de-
scribed that linalool can pass through the blood-brain
barrier in mice [44] and can reverse both neuropatho-
logical and behavioural impairments [45]. Geraniol was
successful in decreasing the impairments of motor be-
haviour in mouse model of Parkinson’s disease [46].
Based on the neuroprotective and anti-aging effects of
essential oils they can be used as complementary therapy
in age related neurodegenerative diseases such as Parkin-
son’s disease, Alzheimer’s disease, Huntington’s disease
and amyotrophic lateral sclerosis [47].
We have been investigating the potential protective

effect of Thymus vulgaris essential oil chemotypes
and their main compounds in an in vitro microglial
cell culture system. As a model LPS was used to imi-
tate bacterial infection in cell cultures and tested the
effects of chemotypes of thyme essential oil [48–50].
Relatively little is known about the interactions of
these essential oils and the cells of the nervous sys-
tem. By Elmann et al. the effects of geranium oil was
examined in primary rat microglia cell culture as the
protective agent against inflammation mediated by
LPS administration [51]. Essential oil was added at
the same time with LPS to the cultured cells. Accord-
ing to the authors, NO release and the expression of
inducible NO synthase and cyclooxygenase 2 were
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reduced by the geranium oil treatment. These experi-
ments are modelling neurodegenerative diseases which
are related to neuroinflammation.
The post ischemic processes in the brain involve a

large number of components. Among them the
leaders are the proinflammatory cytokines, which are
playing a basic role in the worsening of the damage
of the blood brain barrier as well as the activation of
microglial cells. The protective effect of linalool was
examined in rats after a period of cerebral arterial oc-
clusion [52]. Also primary glial cells suffered less
damage after glutamate challenge when treated with
linalool. It is interesting that linalool was adminis-
tered intranasal proving that these plant compounds
can reach the cells of the central nervous system via
the blood brain barrier by inhalation.
BV-2 rodent microglia are widely accepted models for

examining those agents, which may be involved in in-
duction of neurodegeneration by microglia activation.
LPS is a component of the cell wall of Gram- negative
bacteria and may be used in microglia cell culture to
mimic inflammation and for testing potential anti-
inflammatory molecules [53]. The advantages of model
cell culture experiments are the possibility of large num-
ber of variations in controlled circumstances. The
temperature, composition of the cell culture medium are
the same, while the timing and the concentrations of the
different treatments are variable. Also it is possible to
carry out the treatments in different order or at the
same time. With these setups it was possible to imitate
the preventive effect or the therapeutic effects of the dif-
ferent pharmaceutical molecules. In addition, there is a
possibility to compare essential oils, chemotypes from
the market, or produced in-house.
In our work definite alterations were revealed in the

effects of essential oil chemotypes and their main com-
pounds at the different experimental setups. These cellu-
lar changes were followed at mRNA and at protein
levels in LPS treated cells and in cells without LPS chal-
lenge. In general the reduction in proinflammatory IL-6
and TNFα syntheses and secretions were seen at the
presence of treatments.
A couple of comparisons were carried out in our ex-

periments: the effects of three different chemotypes and
standards on the survival of BV-2 cells as well as on the
synthesis and secretion of IL-6 and TNFα. The latter
changes were followed together with LPS treatment, in
three versions: pretreatment with LPS, pretreatment
with essential oils, or co-treatment with the two types of
substances. We examined the NF-κB signalling pathway
and the TNFα regulation activity in each of the three
treatment versions mentioned above.
Essential oils by themselves had effect on IL-6 and

TNFα mRNA syntheses and secretions. It was

revealed several times that the mRNA synthesis and
cytokine release are not always changing parallel. The
protein synthesis and posttranslational modifications
may have different regulatory signals than transcrip-
tion or it is a possibility that the former processes
need more time than the mRNA synthesis. The two
proinflammatory cytokines show the same secretion
pattern, with chemotypes e.g. linalool and geraniol
exerting stronger effects. This phenomenon can be
observed frequently, suggesting that a pure, single
component can have limitations, a “mixture” in a
plant extract is having more active compounds that
may cooperate against inflammation. Elman et al.
found that a single component of essential oil did not
exert protective effect in neuroinflammation examined
in primary microglia cells [51].
Considering the changes of IL-6 and TNFα secretions

depending on the relation of LPS and essential oil treat-
ments in time, the best reduction of inflammatory cyto-
kines could be reached by the pretreatment with the
essential oils. In these experiments, there were a few sur-
prises. In every setup (LPS pretreatment, essential oil
pretreatment, co-treatment of LPS and chemotypes), the
reduction of TNFα were grater, than that of the IL-6 at
both mRNA and protein levels. In addition, occasionally
standards had better effects, than chemotypes, but
mainly at mRNA expression. At the essential oil pre-
treatment experiment the effect of linalool and geraniol
was outstanding, proving at least two facts. Using these
plant materials as prophylaxis against inflammation (or
at least LPS effect) showed the best result. Also accord-
ing to the research of other scientific groups these two
substances in both standard and chemotype forms have
specific effects on microglia/macrophages in neuronal
injury, hypoxia and degeneration.
To explain the reason of alterations in proinflamma-

tory cytokine production of BV-2 microglia, the tran-
scription factor components of NF-κB, namely the level
of chromatin-bound, active p50 and p65 were examined.
When they act in heterodimer form [54, 55], they acti-
vate the transcription of IL-6 and TNFα. Interestingly,
standards caused large reduction of chromatin-bound
proteins, especially linalool, both in the case of LPS pre-
treatment as well as in essential oil administration before
LPS. Further investigating activations of cell signalling
pathways, the level of chromatin-bound, phosphorylated
C/EBPβ was determined Large differences could be seen
in the levels of P-C/EBPβ in the effects of standards and
chemotypes and co-treatments and pretreatments. Best
effects could be observed in geraniol and thujanol che-
motypes and linalool and geraniol standards, the latter
ones in pretreatment only.
The presence of the additional components in the

essential oil chemotypes revealed by GC-MS method
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may contribute to the effect of the main compounds
(Table 3). It was proven that p-cymene, found in both
thujanol and linalool chemotypes in 2.1 and 4.2%,
possessed anti-inflammatory effects in mice and de-
creased leukocyte migration [56]. γ-Terpinene found
in the thujanol chemotype (2.9%) as well as α-
terpineol (4.3%) were previously described as anti-
inflammatory molecules, the latter one was able to
decrease IL-6 mRNA level [57, 58]. The terpinen-4-ol
can suppress the production of inflammatory media-
tors in macrophages [59] and may interact with the
main components of thujanol (11.9%) and linalool
(8.3%) thyme essential oil chemotypes. Linalyl acetate
found in thujanol chemotype (2.9%) has been proven
to provide anti-inflammatory effect on natural killer
cell in a dose dependent manner [60]. Nerol was also
found in both geraniol (1.9%) and thujanol (4.2%)
chemotypes, which was proven to decrease IL-13 and
TNFα pro-inflammatory cytokines [61]. The anti-
inflammatory effect of geraniol chemotype may be
supported by the presence of geranyl acetate (18.6%),
β-caryophyllene (5.7%), geranyl propionate (2.2%) and
elemol (2.2%) [62–65]. The differences in the compos-
ition of the examined thyme essential oil chemotypes
may contribute to their distinct effects on the regula-
tion of IL-6 and TNFα pro-inflammatory cytokine
syntheses in BV-2 microglia.
Based on our observations it can be concluded that

geraniol (both chemotype and standard) has an out-
standing effect on decreasing pro-inflammatory cyto-
kine secretion. Moreover, the presence of additional
components in the chemotypes may alter the effect
of the main compounds since the chemotypes have
better effect alone at the treatments, but in the
presence of LPS (LPS pretreatment and LPS and es-
sential oils together) they can achieve weaker inhibi-
tory effect on the production of pro-inflammatory
cytokines.
In summary, we may declare that BV-2 cells are

good models to examine the neuroprotective effects
of essential oil of thyme (Thymus vulgaris L.). These
protective effects are caused by not the same compo-
nents, which are responsible for the antibacterial
effect of thyme. In many aspects essential oil chemo-
types are more effective than standards, but standards
could be seen to have large inhibitory effects on cer-
tain cell signalling components related to the activa-
tion of proinflammatory cytokines. This proves that
the final change in the secreted levels of IL-6 and
TNFα could not be explained merely by one tran-
scription factor activity. There is also a possibility that
the change in the activation of transcription factors is
occurring in a different time frame than the examined
period in our experiments.

Conclusions
Thymus vulgaris essential oil and its linalool and
geraniol chemotypes are good candidates to use in pre-
vention of neuroinflammation and related neurodegen-
eration, but the exact ratio of the components has to be
selected carefully. To map the signalling pathways of the
compounds further experiments need to be carried out.

Abbreviations
C/EBPβ: CCAAT-enhancer binding protein β; CNS: Central nervous system;
DMSO: Dimethyl sulfoxide; FBS: Fetal bovine serum; GC MS: Gas-
chromatography-mass spectrometry; HRP: Horseradish peroxidase; IL-
6: Interleukin-6; LPS: Lipopolysaccharide; NFκB: Nuclear factor kappa -light-
chain-enhancer of activated B cells; NO: Nitric oxide; TBST: Tris buffer saline
with Tween; TNFα: Tumor necrosis factor α

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12906-021-03319-w.

Additional file 1.

Acknowledgements
Not applicable.

Authors’ contributions
GH, KS and EP designed the study and wrote and revised the manuscript.
GR, AH, EP performed Real-time PCR, ELISA measurements, WBs and analysed
data. AB performed the GC-MS analyses. All authors have read and approved
the manuscript.

Funding
This research was funded by the NKFI (National Research, Development and
Innovation Office) K 128217 grant of Györgyi Horváth and EFOP 3.6.1-16-
2016-00004 project (Comprehensive Development for Implementing Smart
Specialization Strategies at the University of Pécs).

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pharmacognosy, Faculty of Pharmacy, University of Pécs,
H-7624, Rókus u. 2., Pécs, Hungary. 2Institute of Pharmacognosy, Faculty of
Pharmacy, Semmelweis University, H-1085 Üllői út 26, Budapest, Hungary.
3Department of Pharmaceutical Biology, Faculty of Pharmacy, University of
Pécs, H-7624, Rókus u. 2, Pécs, Hungary.

Received: 16 February 2021 Accepted: 10 May 2021

References
1. Aziz ZAA, Ahmad A, Setapar SHM, Karakucuk A, Azim MM, Lokhat D, et al.

Essential oils: extraction techniques, pharmaceutical and therapeutic
potential – A review. Curr Drug Metab. 2018;19(13):1100–10. https://doi.
org/10.2174/1389200219666180723144850.

Horváth et al. BMC Complementary Medicine and Therapies          (2021) 21:148 Page 12 of 14

https://doi.org/10.1186/s12906-021-03319-w
https://doi.org/10.1186/s12906-021-03319-w
https://doi.org/10.2174/1389200219666180723144850
https://doi.org/10.2174/1389200219666180723144850


2. Plant RM, Dinh L, Argo S, Shah M. The essentials of essential oils. Adv
Pediatr Infect Dis. 2019;66:111–22.

3. Nazzaro F, Fratianni F, Coppola R, De Feo V. Essential oils and antifungal
activity. Pharmaceuticals. 2017;10(4):86. https://doi.org/10.3390/ph10040086.

4. Gakuubi MM, Maina AW, Wagacha JM. Antifungal activity of essential oil of
Eucalyptus camaldulensis Dehnh. against selected Fusarium spp. Int J
Microbiol. 2017;2017:8761610.

5. Cazella NL, Glamoclija J, Sokovic M, Gonçalves JE, Linde GA, Colauto NB,
et al. Antimicrobial activity of essential oil Bacchalis dracunculifolia DC
(Asteraceae) aerial parts at flowering period. Front Plant Sci. 2019;10:27.
https://doi.org/10.3389/fpls.2019.00027.

6. Pérez G, Miguel Zavala S, Lucina Arias G, Miguel RL. Anti-inflammatory
activity of some essential oils. J Essent Oil Res. 2011;23(5):38–44. https://doi.
org/10.1080/10412905.2011.9700480.

7. Shapouri-Moghaddam A, Mohammadian S, Vazini H, Taghadosi M, Esmaeili
S-A, Mardani F, et al. Macrophage plasticity, polarization, and function in
health and diseases. J Cell Physiol. 2019;233:6424–40.

8. Xing T, Wang Y, Ding W-J, Li Y-L, Hu X-D, Wang C, et al. Thrombospondin-1
production regulates the inflammatory cytokine secretion in THP-1 cells
through NF-κB signaling pathway. Inflammation. 2017;40:1606–21.

9. Sevenich L. Brain-resident microglia and blood-borne macrophages
orchestrate central nervous system inflammation in neurodegenerative
disorders and brain cancer. Front Immunol. 2018;9:697. https://doi.org/10.33
89/fimmu.2018.00697.

10. Wang J, Song Y, Chen Z, Leng XS. Connection between systemic
inflammation and neuroinflammation underlies neuroprotective mechanism
of several phytochemicals in neurodegenerative diseases. Oxid Med and
Cell Longev. 2018;2018:1972714.

11. Welcome MO. Cellular mechanisms and molecular signaling pathways in
stress-induced anxiety, depression, and blood–brain barrier inflammation
and leakage. Inflammopharmacol. 2020;28(3):643–65. https://doi.org/10.1
007/s10787-020-00712-8.

12. Cherry JD, Olschowka JA, O’Banion MK. Neuroinflammation and M2
microglia: the good, the bad, and the inflamed. J Neuroinflammation. 2014;
11(1):98. https://doi.org/10.1186/1742-2094-11-98.

13. Oh Y-C, Jeong YH, Li W, Go Y. Angelicae gigantis radix regulates LPS-
induced neuroinflammation in BV-2 microglia by inhibiting NF-κB and
MAPK activity and inducing Nrf-2 activity. Molecules. 2019;24(20):3755.
https://doi.org/10.3390/molecules24203755.

14. Miao X-D, Zheng L-J, Zhao Z-Z, Su S-L, Zhu Y, Guo J-M, et al. Protective
effect and mechanism of Boswellic acid and Myrrha sesquiterpenes with
different proportions of compatibility on neuroinflammation by LPS-
induced BV-2 cells combined with network pharmacology. Molecules. 2019;
24(21):3946. https://doi.org/10.3390/molecules24213946.

15. Weinberg RP, Koledova VV, Schneider K, Sambandan TG, Grayson A, Zeidman
G, et al. Palm fruit bioactives modulate human astrocyte activity in vitro
altering the cytokine secretome reducing levels of TNFα, RANTES and IP-10. Sci
Rep. 2018;8(1):16423. https://doi.org/10.1038/s41598-018-34763-3.

16. Agatonovic-Kustrin S, Kustrin E, Morton DW. Essential oils and functional
herbs for healthy aging. Neural Regen Res. 2019;14(3):441–5. https://doi.
org/10.4103/1673-5374.245467.

17. Agatonovic-Kustrin S, Chan CKY, Gegechkori V, Morton DW. Models for skin
and brain penetration of major components from essential oils used in
aromatherapy for dementia patients. J Biomol Struct Dyn. 2020;38(8):2402–
11. https://doi.org/10.1080/07391102.2019.1633408.

18. Vieira AI, Guerreiro A, Antunes MD, Miguel MDG, Faleiro ML. Edible coatings
enriched with essential oils on apples impair the survival of bacterial
pathogens through a simulated gastrointestinal system. Foods. 2019;8(2):57.
https://doi.org/10.3390/foods8020057.

19. Inouye S, Yamaguchi H, Takizawa T. Screening of the antibacterial effects of
a variety of essential oils on respiratory tract pathogens, using a modified
dilution assay method. J Infect Chemother. 2001;7(4):251–4. https://doi.org/1
0.1007/s101560170022.

20. Inouye S, Takizawa T, Yamaguchi H. Antibacterial activity of essential oils
and their major constituents against respiratory tract pathogens by gaseous
contact. J Antimicrob Chemother. 2001;47(5):565–73. https://doi.org/10.1
093/jac/47.5.565.

21. Rota MC, Herrera A, Martínez RM, Sotomayor JA, Jordán MJ. Antimicrobial
activity and chemical composition of Thymus vulgaris, Thymus zygis and
Thymus hyemalis essential oils. Food Control. 2008;19(7):681–7. https://doi.
org/10.1016/j.foodcont.2007.07.007.

22. De Cássia da Silveira e Sá R, Andrade L.N, Dos Reis Barreto de Oliveira R., De
Sousa D.P. A review on anti-inflammatory activity of phenylpropanoids
found in essential oils. Molecules 2014, 19, 1459–1480, 2, DOI: https://doi.
org/10.3390/molecules19021459.

23. Juhas Š, Bujňáková D, Rehák P, Čikoš Š, Czikková S, Veselá J, et al. Anti-
inflammatory effects of thyme essential oil in mice. Acta Vet Brno. 2008;
77(3):327–34. https://doi.org/10.2754/avb200877030327.

24. Fachini-Queiroz FC, Kummer R, Estevão-Silva CF, Dalva de Barros Carvalho
M, Cunha JM, Grespan R, et al. Effects of thymol and carvacrol, constituents
of Thymus vulgaris L. essential oil, on the inflammatory response. Evid Based
Complement Alternat Med. 2012;2012:657026.

25. Mei-Lin Tsai M-L, Lin C-C, Lin W-C, Yang C-H. Antimicrobial, antioxidant, and
anti-inflammatory activities of essential oils from five selected herbs. Biosci
Biotechnol Biochem. 2011;75:1977–83.

26. Vigo E, Cepeda A, Gualillo O, Perez-Fernandez R. In-vitro anti-inflammatory
effect of Eucalyptus globulus and Thymus vulgaris: nitric oxide inhibition in
J774A.1 murine macrophages. J Pharm Pharmacol. 2004;56(2):257–63.
https://doi.org/10.1211/0022357022665.

27. Ocaña A, Reglero G. Effects of thyme extract oils (from Thymus vulgaris, Thymus
zygis, and Thymus hyemalis) on cytokine production and gene expression of
oxLDL-stimulated THP-1-macrophages. J Obes. 2012;2012:104706.

28. Braga PC, Dal Sasso M, Culici M, Bianchi T, Bordoni L, Marabini L. Anti-
inflammatory activity of thymol: inhibitory effect on the release of human
neutrophil elastase. Pharmacology. 2006;77(3):130–6. https://doi.org/10.1159/
000093790.

29. Chauhan AK, Kang SC. Thymol disrupts the membrane integrity of
Salmonella ser. typhimurium in vitro and recovers infected macrophages
from oxidative stress in an ex vivo model. Res Microbiol. 2014;165(7):559–65.
https://doi.org/10.1016/j.resmic.2014.07.001.

30. Ács K, Balázs VL, Kocsis B, Bencsik T, Böszörményi A, Horváth G. Antibacterial
activity evaluation of selected essential oils in liquid and vapor phase on
respiratory tract pathogens. BMC Complement Altern Med. 2018;18(1):227.
https://doi.org/10.1186/s12906-018-2291-9.

31. Pandur E, Tamási K, Pap R, Varga E, Miseta A, Sipos K. Fractalkine induces
Hepcidin expression of BV-2 microglia and causes Iron accumulation in SH-
SY5Y cells. Cell Mol Neurobiol. 2019;39(7):985–1001. https://doi.org/10.1007/
s10571-019-00694-4.

32. Pandur E, Varga E, Tamási K, Pap R, Nagy J, Sipos K. Effect of inflammatory
mediators lipopolysaccharide and lipoteichoic acid on iron metabolism of
differentiated SH-SY5Y cells alters in the presence of BV-2 microglia. Int J
Mol Sci. 2019;20:17.

33. Pap R, Montskó G, Jánosa G, Sipos K, Kovács GL, Pandur E. Fractalkine
regulates HEC-1A/JEG-3 interaction by influencing the expression of
implantation-related genes in an in vitro co-culture model. Int J Mol Sci.
2020;21(9):3175. https://doi.org/10.3390/ijms21093175.

34. ImageJ. [(Accessed 23 Sept 1997)]; Available online: https://imagej.nih.gov/ij/
35. Balázs VL, Horváth B, Kerekes E, Ács K, Kocsis B, Varga A, et al. Anti-

Haemophilus activity of selected essential oils detected by TLC-direct
bioautography and biofilm inhibition. Molecules. 2019;24(18):3301. https://
doi.org/10.3390/molecules24183301.

36. Ekpenyong C, Akpan E, Nyoh A. Ethnopharmacology, phytochemistry, and
biological activities of Cymbopogon citratus (DC.) Stapf extracts. Chin J Nat
Med. 2015;13(5):321–37. https://doi.org/10.1016/S1875-5364(15)30023-6.

37. Cavalleri R, Becker JS, Pavan AM, Bianchetti P, Goettert MI, Ethur EM, et al.
Essential oils rich in monoterpenes are unsuitable as additives to boar
semen extender. Andrologia. 2018;50(8):e13074. https://doi.org/10.1111/a
nd.13074.

38. Bhatt D, Ghosh S. Regulation of the NF-κB-mediated transcription of
inflammatory genes. Front Immunol. 2014;5:71.

39. Ho C, Li LH, Weng YC, Hua KF, Ju TC. Eucalyptus essential oils inhibit the
lipopolysaccharide-induced inflammatory response in RAW264.7
macrophages through reducing MAPK and NF-κB pathways. BMC
Complement Med Ther. 2020;20(1):200. https://doi.org/10.1186/s12906-020-
02999-0.

40. Pope RM, Leutz A, Ness SA. C/EBP beta regulation of the tumor necrosis
factor alpha gene. J Clin Invest. 1994;94(4):1449–55. https://doi.org/10.1172/
JCI117482.

41. Schmidt E, Wanner J, Höferl M, Jirovetz L, Buchbauer G, Gochev V, et al.
Chemical composition, olfactory analysis and antibacterial activity of Thymus
vulgaris chemotypes geraniol, 4-thujanol/terpinen-4-ol, thymol and linalool
cultivated in Southern France. NPC. 2012;7:1095–8.

Horváth et al. BMC Complementary Medicine and Therapies          (2021) 21:148 Page 13 of 14

https://doi.org/10.3390/ph10040086
https://doi.org/10.3389/fpls.2019.00027
https://doi.org/10.1080/10412905.2011.9700480
https://doi.org/10.1080/10412905.2011.9700480
https://doi.org/10.3389/fimmu.2018.00697
https://doi.org/10.3389/fimmu.2018.00697
https://doi.org/10.1007/s10787-020-00712-8
https://doi.org/10.1007/s10787-020-00712-8
https://doi.org/10.1186/1742-2094-11-98
https://doi.org/10.3390/molecules24203755
https://doi.org/10.3390/molecules24213946
https://doi.org/10.1038/s41598-018-34763-3
https://doi.org/10.4103/1673-5374.245467
https://doi.org/10.4103/1673-5374.245467
https://doi.org/10.1080/07391102.2019.1633408
https://doi.org/10.3390/foods8020057
https://doi.org/10.1007/s101560170022
https://doi.org/10.1007/s101560170022
https://doi.org/10.1093/jac/47.5.565
https://doi.org/10.1093/jac/47.5.565
https://doi.org/10.1016/j.foodcont.2007.07.007
https://doi.org/10.1016/j.foodcont.2007.07.007
https://doi.org/10.3390/molecules19021459
https://doi.org/10.3390/molecules19021459
https://doi.org/10.2754/avb200877030327
https://doi.org/10.1211/0022357022665
https://doi.org/10.1159/000093790
https://doi.org/10.1159/000093790
https://doi.org/10.1016/j.resmic.2014.07.001
https://doi.org/10.1186/s12906-018-2291-9
https://doi.org/10.1007/s10571-019-00694-4
https://doi.org/10.1007/s10571-019-00694-4
https://doi.org/10.3390/ijms21093175
https://imagej.nih.gov/ij/
https://doi.org/10.3390/molecules24183301
https://doi.org/10.3390/molecules24183301
https://doi.org/10.1016/S1875-5364(15)30023-6
https://doi.org/10.1111/and.13074
https://doi.org/10.1111/and.13074
https://doi.org/10.1186/s12906-020-02999-0
https://doi.org/10.1186/s12906-020-02999-0
https://doi.org/10.1172/JCI117482
https://doi.org/10.1172/JCI117482


42. Satyal P, Murray BL, McFeeters RL, Setzer WN. Essential oil characterization
of Thymus vulgaris from various geographical locations. Foods. 2016;5(4):70.
https://doi.org/10.3390/foods5040070.

43. Borugă O, Jianu C, Mişcă C, Goleţ I, Gruia AT, Horhat FG. Thymus vulgaris
essential oil: chemical composition and antimicrobial activity. J Med Life.
2014;7:56–60.

44. Cheng BH, Sheen LY, Chang ST. Evaluation of anxiolytic potency of essential
oil and S-(+)-linalool from Cinnamomum osmophloeum ct. Linalool leaves
in mice. J Tradit Complement Med. 2014;16:27–34.

45. Sabogal-Guáqueta AM, Osorio E, Cardona-Gómez GP. Linalool reverses
neuropathological and behavioral impairments in old triple transgenic
Alzheimer's mice. Neuropharmacology. 2016;102:111–20. https://doi.org/10.1
016/j.neuropharm.2015.11.002.

46. Rekha KR, Selvakumar G, Sethupathy S, Santha K, Sivakamasundari RI.
Geraniol ameliorates the motor behavior and neurotrophic factors
inadequacy in MPTP-induced mice model of Parkinson's disease. J Mol
Neurosci. 2013;51(3):851–62. https://doi.org/10.1007/s12031-013-0074-9.

47. Abd Rashed A, Abd Rahman AZ, Rathi DNG. Essential oils as a potential
Neuroprotective remedy for age-related neurodegenerative diseases: A
review. Molecules. 2021;26(4):1107. https://doi.org/10.3390/molecules260411
07.

48. Chitnis T, Weiner LH. CNS inflammation and neurodegeneration. J Clin
Invest. 2017;127(10):3577–87. https://doi.org/10.1172/JCI90609.

49. Park B-K, Kim YH, Kim YR, Choi JJ, Yang C, Jang I-S, et al.
Antineuroinflammatory and neuroprotective effects of Gyejibokryeong-
Hwan in lipopolysaccharide-stimulated BV2 microglia. Evid Based
Complementary Altern Med. 2019;2019:7585896.

50. Ismail EN, Jantan I, Vidyadaran S, Jamal JA, Azmi N. Phyllanthus amarus
prevents LPS-mediated BV2 microglial activation via MyD88 and NF-κB
signaling pathways. BMC Complement Med Ther. 2020;20(1):202. https://doi.
org/10.1186/s12906-020-02961-0.

51. Elmann A, Mordechay S, Rindner M, Ravid U. Anti-neuroinflammatory effects
of geranium oil in microglial cells. J Funct Foods. 2010;2(1):17–22. https://
doi.org/10.1016/j.jff.2009.12.001.

52. Barrera-Sandoval AM, Osorio E, Cardona-Gómez GP. Microglial-targeting
induced by intranasal linalool during neurological protection postischemia. Eur
J Pharmacol. 2019;857:172420. https://doi.org/10.1016/j.ejphar.2019.172420.

53. Ackerman K, Fiddler J, Soh T, Clarke S. BV-2 microglial cells used in a model
of neuroinflammation. FASEB J. 2015;29:608.2.

54. Wang J, Su B, Zhu H, Chen C, Zhao G. Protective effect of geraniol inhibits
inflammatory response, oxidative stress and apoptosis in traumatic injury of
the spinal cord through modulation of NF-κB and p38 MAPK. Exp Ther Med.
2016;12(6):3607–13. https://doi.org/10.3892/etm.2016.3850.

55. Smale TS. Dimer-specific regulatory mechanisms within the NF-κB family of
transcription factors. Immunol Rev. 2012;246(1):193–204. https://doi.org/1
0.1111/j.1600-065X.2011.01091.x.

56. Bonjardim LR, Cunha ES, Guimarães AG, Santana MF, Oliveira MG, Serafini
MR, et al. Evaluation of the anti-inflammatory and antinociceptive properties
of p-cymene in mice. Z Naturforsch C J Biosci. 2012;67(1-2):15–21. https://
doi.org/10.1515/znc-2012-1-203.

57. Ramalho TR, Oliveira MT, Lima AL, Bezerra-Santos CR, Piuvezam MR.
Gamma-Terpinene modulates acute inflammatory response in mice. Planta
Med. 2015;81(14):1248–54. https://doi.org/10.1055/s-0035-1546169.

58. Held S, Schieberle P, Somoza V. Characterization of alpha-terpineol as an
anti-inflammatory component of orange juice by in vitro studies using oral
buccal cells. J Agric Food Chem. 2007;55(20):8040–6. https://doi.org/10.1
021/jf071691m.

59. Hart PH, Brand C, Carson CF, Riley TV, Prager RH, Finlay-Jones JJ. Terpinen-4-
ol, the main component of the essential oil of Melaleuca alternifolia (tea
tree oil), suppresses inflammatory mediator production by activated human
monocytes. Inflamm Res. 2000;49(11):619–26. https://doi.org/10.1007/s00011
0050639.

60. de Cássia da Silveira e Sá R., Andrade L.N., de Sousa D.P. A review on anti-
inflammatory activity of monoterpenes. Molecules 2013, 18, 1227–1254, A
Review on Anti-Inflammatory Activity of Monoterpenes, 1, DOI: https://doi.
org/10.3390/molecules18011227.

61. de Cássia da Silveira E Sá R., Lima T.C., da Nóbrega F.R., de Brito A.E.M., de
Sousa D.P. Analgesic-like activity of essential oil constituents: an update. Int
J Mol Sci 2017, 18, 2392.

62. Gonçalves MJ, Cruz MT, Tavares AC, Cavaleiro C, Lopes MC, Canhoto J, et al.
Composition and biological activity of the essential oil from Thapsia minor,
a new source of geranyl acetate. Ind Crops and Prod. 2012;35(1):166–71.
https://doi.org/10.1016/j.indcrop.2011.06.030.

63. Brito, L.F., Oliveira, H.B.M., das Neves Selis N., E Souza C.L.S.; Júnior, M.N.S.; de
Souza, E.P.; Silva, L.S.C.D.; de Souza Nascimento, F.; Amorim, A.T., Campos, G.
B.; de Oliveira, M.V.; Yatsuda, R., Timenetsky, J.; marques, L.M. anti-
inflammatory activity of β-caryophyllene combined with docosahexaenoic
acid in a model of sepsis induced by Staphylococcus aureus in mice. J Sci
Food Agric 2019, 99, 5870–5880, 13, DOI: https://doi.org/10.1002/jsfa.9861.

64. Narnoliya, L.K.; Jadaun, J.S.; Singh, S.P. The Phytochemical Composition,
Biological Effects and Biotechnological Approaches to the Production of
High-Value Essential Oil from Geranium. Malik S. (eds). Essential Oil Research
2019, 327–352.

65. Yang H, Jung EM, Ahn C, Lee GS, Lee SY, Kim SH, et al. Elemol from
Chamaecyparis obtusa ameliorates 2,4-dinitrochlorobenzene-induced atopic
dermatitis. Int J Mol Med. 2015;36(2):463–72. https://doi.org/10.3892/ijmm.2
015.2228.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Horváth et al. BMC Complementary Medicine and Therapies          (2021) 21:148 Page 14 of 14

https://doi.org/10.3390/foods5040070
https://doi.org/10.1016/j.neuropharm.2015.11.002
https://doi.org/10.1016/j.neuropharm.2015.11.002
https://doi.org/10.1007/s12031-013-0074-9
https://doi.org/10.3390/molecules26041107
https://doi.org/10.3390/molecules26041107
https://doi.org/10.1172/JCI90609
https://doi.org/10.1186/s12906-020-02961-0
https://doi.org/10.1186/s12906-020-02961-0
https://doi.org/10.1016/j.jff.2009.12.001
https://doi.org/10.1016/j.jff.2009.12.001
https://doi.org/10.1016/j.ejphar.2019.172420
https://doi.org/10.3892/etm.2016.3850
https://doi.org/10.1111/j.1600-065X.2011.01091.x
https://doi.org/10.1111/j.1600-065X.2011.01091.x
https://doi.org/10.1515/znc-2012-1-203
https://doi.org/10.1515/znc-2012-1-203
https://doi.org/10.1055/s-0035-1546169
https://doi.org/10.1021/jf071691m
https://doi.org/10.1021/jf071691m
https://doi.org/10.1007/s000110050639
https://doi.org/10.1007/s000110050639
https://doi.org/10.3390/molecules18011227
https://doi.org/10.3390/molecules18011227
https://doi.org/10.1016/j.indcrop.2011.06.030
https://doi.org/10.1002/jsfa.9861
https://doi.org/10.3892/ijmm.2015.2228
https://doi.org/10.3892/ijmm.2015.2228

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Essential oils
	GC-MS analysis
	Cell culture and treatments
	Cell viability assay
	Real-time PCR
	Enzyme-Linked Immunosorbent Assay (ELISA) Measurements
	Immunoblotting
	Statistical analysis

	Results
	Effects of essential oils on cell viability of BV-2 cells
	Effects of essential oils on mRNA expression and secretion of IL-6 and TNFα
	Essential oils alter mRNA expression and secretion of IL-6 and TNFα after lipopolysaccharide pretreatment
	Essential oil pretreatment alters the mRNA expression and secretion of IL-6 and TNFα of BV-2 cells exposed to LPS
	Effects of LPS and essential oil co-treatments on the mRNA expression and secretion of IL-6 and TNFα of BV-2 cells
	Effects of essential oils on the NF-κB and phospho-C/EBPβ pathways regulating proinflammatory cytokine expression

	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

