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Abstract  

The current research aimed to determine and report in vitro antioxidant, antimicrobial, 
antibiofilm, cytotoxic, anti-cholinesterase, and anti-diabetic properties and the stability of the 
major component of basic oil of Thymbra spicata var. spicata through different phases as 
theoretically. Essential oil exhibits potential biological activities because of the multiple 
components it contains.In the current research, the evaluation of Thymbra spicata essential oil 
antioxidant properties was conducted utilizing 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-
azinobis[3-ethylbenzthiazoline]-6-sulfonic acid (ABTS) radical scavenging 
activity.Antimicrobial activity was assessed from minimum inhibition concentration (MIC) 
using the technique of microdilution and cytotoxicity activity was evaluated by MTT assay 
through MCF-7 and PC3 human cancer cell lines.Consequently, Cytotoxic activity was 
evaluated by means of MTT assay utilized. The essential oil was detected to have 340 µg/mL 
inhibiting influence on the growth of PC3 prostate cancer cells with IC50 value. Also, the T. 
spicata plant was observed to significantly repress the enzymes, namely acetylcholinesterase 
(AChE), butyrylcholinesterase (BChE), α-glycosidase. IC50 values of enzymes were obtained 
0.23 µg/mL for AChE, 1.64 µg/mL for BChE, 7.78 µg/mL for α-glycosidase. It was concluded 
that this plant may be used for Alzheimer's and diabetes disease. 
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1. Introduction 

Essential oil exhibits potential biological activities 
because of the multiple components it contains.  
Recently, the number of biological activity studies on 
volatile oils has increased rapidly, resulting in brilliant 
results.  The interest in the use of essential oil as natural 
antioxidants are growing rapidly due to many essential 
oils has antioxidant properties [1]. 

The genus Thymbra L, (Lamicaceae), is known by 
Turkish local people as ‘kekik or zahter’. It is not only 
important for its economic significance, but also 
important in commonly utilized in Turkish cuisine as 
edible ingredients of salad, condiment or herbal teas. 

The genus is also important for its chemical 
constituents such as carvacrol and thymol as main 
components [2], exhibiting many biological activities 
[3]. Therefore, the leaves and essential oil of the genus 
uses for various purposes in flavoring, perfume, food 
and pharmaceutical industries.  

T. spicata stands out with its significant medicinal 
effects in mainly Mediterranean countries where it is 
mostly used as in spice form and for purpose of 
preserving other food products [4].  Located within the 
Mediterranean and also in semi-arid climatic 
conditions, it mostly sprouts on calcareous soils 
located on hillsides with ample sunlight [5]. Also, the 
dried plant of T. spicata is used for curing asthma, 
colic, and bronchitis and coughs [6]. In this context, 
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characterization of chemical composition and 
revealing of its biological activities is important to 
establish the basis for the uses of these plant raw 
materials and essential oil.  

AD is characterized by neurofibrillary tangles and 
amyloid plaques. The AChEIs such as galanthamine, 
donepezil, rivastigmine, and tacrine are currently 
accessible as drugs for universal clinical therapy of AD 
[7]. In addition to red blood cells, synapses and 
neuromuscular connections in the brain generally 
contain cholinergic AChE in high concentrations [8]. 
Additionally, a non-special kind of ChE enzyme 
butyrylcholinesterase (BChE), commonly existing 
throughout the body, most significantly, in the blood, 
liver, the central nervous system and pancreas of 
humans, hydrolyzes various kinds of choline esters and 
[9]. BuChE has a common association with endothelial 
and glial cells in the brain [10]. 

Diabetes mellitus (DM) is a well-known metabolic 
disorder, which is characterized as an unusual 
postprandial enhance of blood glucose amount [11,12]. 
The control of postprandial hyperglycemia is known to 
be significant in the therapy of DM [13]. α-Glycosidase 
exists in intestinal chorionic epithelium which is 
accountable for the depreciation of carbohydrates [14]. 
α-Glycosidase inhibitors (AGIs) fall under the third 
class of oral hypoglycemic factors [15].  Diverse AGIs, 
such as voglibose and acarbose obtained from plant 
sources, can impressively control blood glucose 
amounts after food intake and thus in clinical use in the 
treatment of DM [16]. 

The present research aimed to characterize the basic oil 
contents and also to determine the biological activity 
such as antioxidant, antimicrobial, cytotoxicity, 
antidiabetic and anti-cholinesterase activity. 

2. Materials and Methods 

2.1.Plant materials 

The plant content was purchased in a market in Hatay, 
Turkey, following it was identified by a plant specialist 
Dr. Mehmet Tekin of Trakya University, Faculty of 
Pharmacy, Department of Pharmaceutical Botany.  

2.2.Essential oil preparat  

In order to obtain the essential oil, flowers and leaves 
of T. spicata were exposed to a hydrodistillation 
process through a Clevenger type apparatus for about 
3 hours. The resulting oil yield accounted for 3.87 %. 

2.3.GC-MS analysis 

 GS-MS analysis was conducted in the plant, drug and 
scientific research center of Anadolu University. 
Qualification of the essential oil was performed using 

an Agilent 5977B Mass Spectrometer coupled with an 
Agilent GC-7890B series (Agilent Technologies, 
USA). The GC was equipped with HP-Innowax 
capillary column (60 m × 250 μm × 0.25 μm film 
thickness) with helium (He) utilized as the transport 
agent with 0.7 mL/min rate of flow. GC oven 
temperature program was as follows: 60oC for 10 min, 
up to 240oC at 1oC/min and then kept at 220oC for 20 
min, a total of 80 min. The injection temperature was 
250oC. In EI mode at 70 eV of the mass spectrometer, 
1 μL of the oils were injected into the column. The 
components of the oil were detected through a 
comparison between relative retentive indices, mass 
spectra and pure original sample indices. 

2.4.Antioxidant activities 

2.4.1.DPPH radical scavenging process 

DPPH assay is in wide use for assessment of 
antioxidant process due to the reliance of its 
mechanism on measuring hydrogen atom or 
electrondonating process. The assessment of (DPPH)-
free radical scavenging activity of the stable 1, 1-
diphenyl-2-picrylhydrazyl was conducted through the 
Sannigrahi approach [17].  Sample solution at different 
concentrations prepared in 80% methanol in a 1:3 
volume to volume ratio in separate test tubes in 
triplicates was blended with 1 ml of 0.1mM of DPPH 
in methanol. After 30 min standing in dark, decreased 
DPPH• was determined as 517 nm.  Decreases in 
solution absorbance of DPPH resulted in increases in 
DPPH radical scavenging activity. Methanol with 
DPPH solution (without sample) functioned as a 
control. Through linear regression analysis of dose-
response curve plotting between % inhibition and 
concentrations, 50% (IC50 value) DPPH• plant 
extracts scavenging processes were attained. The % 
inhibition calculation is as the equation below: 

% inhibition = (Absorbance of control-Absorbance of 
the sample) / Absorbance of control × 100 

2.4.2Decolorisation assay of ABTS radical cation  

As described previously, Re et. al., [18] method was 
utilized in the determination of ABTS free radical 
scavenging process [19]. Through 2.45 mM potassium 
persulphate and 7 mM aqueous ABTS stock solutions 
at a volume of 1:1 ratio, following ABTS radical 
cations production, the cations were left for incubation 
for attaining the reaction at 25°C for 16 hours in the 
dark. Dilution of the stock solutions with ethanol in 
order to give 0.70 ± 0.02 absorbance at 734 nm and 
equilibrated at 30°C yielded ABTS•+ working 
solution. Trolox, which is a vitamin E analog soluble 
in water, constituted the norm. At alternating 
concentrations as 0, 50, 100, 150, 200, 250, and 500 
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µM, a standard curve for calibration for Trolox is 
formed. In test tubes, 1mL of each sample was mixed 
with radical cation solution, 1 mL of fresh ABTS+, and 
their absorbances are detected (at 734 nm) following a 
7 min incubation period in the environment in the 
absence of light.  

2.5.Antimicrobial activity 

The antimicrobial features of basic oil of T. spicata was 
determined by micro-well dilution assay according to 
standard procedures against 5 bacterial and fungal 
traits, namely as Grampositive (Staphylococcus aureus 
(ATCC 29213) and Enterococcus faecalis (ATCC 
29212)), Gram-negative (Pseudomonas aeruginosa 
(ATCC 27853) and Escherichia coli (ATCC 25922)) 
and fungal trait (Candida albicans (ATCC 10231)).  
The essential oil was dissolved in 8% DMSO to 
prepared 20 mg/ml of stock solution. Serial two-fold 
dilutions of the essential oil stock were done with 
distilled water to provide final concentration between 
5.0 and 0.02 mg mL-1. Final size of inoculum was 5 
x105 CFU/mL at bacteria and 0.5-2.5 x103 CFU/mL at 
Candida in each well. The inoculated plates were 
incubated at 37 °C for bacteria and 35 °C for Candida 
for a period of 16 to 24 hours under anaerobic 
conditions. Following, 10 µL of a sterile 0.5 % aqueous 
solution of 2, 3, 5-Triphenyltetrazolium chloride 
(TTC) (Merck, Germany) was mixed with each well to 
confirm microbial development. This experiment was 
performed in duplicate. The microplates were left to re-
incubate at 37 °C for a period of 2 hours. Reducing the 
TTC by succinate dehydrogenase in viable cells led to 
the formation of formazan and the color changed from 
yellow to red, was determined as MIC value [20]. 

2.6.Cytotoxicity assay 

Colorimetric MTT assay conducted in vitro cytotoxic 
activity of essential oil by using cell lines of two 
different cancers as human breast cancer MCF-7 and 
prostate cancer cell PC-3 lines [21]. The culture was 
carried out in 25 cm2 flasks in RPMI-1640 culture 
medium supplemented with 10% fetal bovine serum, 
100 U/mL Penicillin, and 100 𝜇𝜇g/mL Streptomycin in 
a humidified atmosphere including 5% CO2, at 37°C. 
Exponential growing was inoculated in 96-well 
microplates at a density of 5 × 103 cells per well in 100 
μL of 10% FBS included the following trypsinization 
with 1x trypsin - EDTA and were allowed to 24 h of 
incubation before treatment. The essential oil 
concentrations in increasing amounts (1–1000 μg/mL) 
were then added in methanol. These cells were left to 
re-incubation for an additional 24 h with or without 
essential oil. Following this process, 10 µL of MTT 
solution was mixed with the content of each well. After 
incubation for 4h, the color changes were determined 

at 570 nm using a microplate reader (Epoch, USA). 
These applications were conducted in triplicate. The 
essential oil cytotoxicity, IC50 value, was determined 
the concentration resulting in the inhibition of 50% of 
the cells. 

2.7. Determination of Apoptosis 

Such staining methods as acridine orange and ethidium 
bromide (AO/EB) were used for investigating the 
effects of essential oil on inducing apoptosis for cell 
lines of two different cancers like breast cancer MCF-
7 and prostate cancer PC-3. Cell lines were inoculated 
into 12-well plate at a density of 2×105 cells/well in 
triplets and treated by T. spicata essential oil at a final 
concentration of 100 µg/mL in a growth medium 
without antibiotics for 24h. After incubation, each well 
was stained by 1µg/mL AO/EB solution and the 
fluorescence intensities were screened by microscopy 
(Zeiss). Living cells clustered as green fluorescence 
and apoptotic cells clustered as red fluorescence. 

2.8.Enzyme inhibition activity 

2.8.1. AChE/BChE inhibitory activity 
determination 

The determination of T. spicata inhibition efficacy on 
AChE/BChE activities was conducted in line with the 
spectrophotometric procedure recommended by 
Ellman et. al., [22] as described previously [7].  In both 
reactions, the substrates utilized were 
acetylthiocholine iodide and butyrylthiocholine iodide 
(AChI/BChI) [23].  

2.9. Theoretical stability calculation of the major 
component 

In this study, theoretical calculations of the stability of 
Carvacrol, the major component of T. spicata. var. 
spicata, were done in the ethanol, methanol and water 
phase. For the dielectric constant for ethanol, methanol 
and water dielectric EPS = 24.55, 32.63 and 78.39 
values of the constants have been entered [24]. DFT 
procedure was used as the calculation method. 6-31G 
containing polarizing functions (d, p) basis set was 
used [25,26]. The calculations are carried out in 
Gaussian 09W program [40] supported by  Kırıkkale 
University. 

3. Results and Discussion 

Theoretical results of component 

As can be seen from Fig 1., the oil of T. spicata. var. 
spicata was dominated by carvacrol (63.4%), p-
cymene (12.1%), γ-terpinene (11.9%) and thymol 
(3.0%) as a major component. 
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Figure 1. GC-MS chromatograme of T. spicata var. spicata essential oils 

Carvacrol is the major component of T. spicata. var. 
spicata and the theoretical calculation of it by using 

density functional theory (DFT) in different phases is 
given in Table 1.  

 

Table 1. Carvacro’s values of ΔG, HOMO, LUMO, Δ (HOMO-LUMO) and Dipol Moment by using DFT 

Carvacrol in 
different phases 
(gas, ethanol, 
methanol and 

water) 

ΔG 

Free Energy 

(Hartree) 

HOMO 

(eV) 

LUMO 

(eV) 

Δ (HOMO-
LUMO) 

(eV) 

Dipole Moment 

(Debye) 

Gas -464.590955 -0.22108 -0.00907 0.21201 1.3559 

Ethanol -464.597174 -0.22538 -0.01223 0.21315 1.8493 

Methanol -464.597291 -0.22550 -0.01232 0.21318 1.8597 

Water -464.597504 -0.22572 -0.01249 0.21323 1.8788 

According to data from Table1; Stability; (HOMO-
LUMO difference) Carvacrol in water > Carvacrol in 
methanol > Carvacrol in ethanol > Carvacrol in gas 

Polarity: (Dipol moment) Carvacrol in water > 
Carvacrol in methanol > Carvacrol in ethanol > 
Carvacrol in gas 

Gibbs's free energy (ΔG) Carvacrol in water > 
Carvacrol in methanol > Carvacrol in ethanol > 
Carvacrol in gas 

Our theoretical results show that the stability of 
Carvacrol in water is more than the others phases and 
Carvacrol in water has a large dipole moment   so it has 
a good resolution in water. 

The 3D structures of the two target enzymes as AChE 
and BChE had been downloaded from the protein 
databank (PDB) and determined PDB id: 1ACL and 
1POP, respectively [27,28]. (Table 2.) The inhibition 
effect of them on AChE and BChE related to AD was 
indicated by using the docking [40] program. 
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Table 2. The inhibition of binding energy score of some active compounds on AChE and BChE 
Active compounds/Enzymes 

(inhibition of binding energy score) AChE (1ACL) BChE (1POP) 

Carvacrol -1145.75 362.31 

Tacrine -893.15 179.30 

When we look at the table; We see that Carvacrol's 
AChE binding energy is relatively low compared to the 
Tacrine. As a result, AChE inhibiting effect is higher 
from Tacrine, which is the positive control group of the 
experimental study, therefore the docking scores 
define in which step the active substance in the plant 
we use in this inhibiting mechanism is more effective. 

Antioxidant activity 

Minimum one benzene ring with a hydroxyl functional 
group, which are usually called phenolic compounds, 
exists in the structure of the majority of natural 
molecules, especially those of plant origin. Due to the 
properties of donating hydrogen or single electron, this 
group usually has significant effects on the plant 
extracts or essential oils antioxidant activity [29]. In 
this study, the two most widely used antioxidant 
assays, DPPH and ABTS radical scavenging activity 
tests were employed for the assessment of antioxidant 
activity of essential oil from T. spicata. As can be 
inferred from antioxidant activity results and GC-MS 
analysis, the basic oil exhibited stronger activity in 
terms of free radical scavenging, which might be 
resulting from the higher amounts of phenolic 
components such as thymol and carvacrol (Figure 2 
and 3). 

 
Figure 2. DPPH free radical scavenging activity of T. 
spicata var. spicata essential oil 

 
Figure 3. ABTS radical scavenging activity of T. 
spicata essential oil  

Figure 3 demonstrated extract ABTS radical 
scavenging activity. Extract solubility and 
stereoselectivity of radicals were reported to have an 
effect on the extract’s capacity in various test settings 
[30].  In the present study, ethanol extracts of T. spicata 
demonstrated potent scavenging activities for ABTS 
radicals. In comparison with DPPH, the extract, even 
in lower concentrations, has yielded potent ABTS 
radical scavenging activity. This high potential of the 
extract is likely to be resulting from its polar 
constituent known to be more potent in comparison to 
DPPH in yielding radical scavenging activity for 
ABTS, which might result from the water-soluble 
characteristics of ABTS; whereas DPPH does not have 
this trait [31]. 

Antimicrobial activity 

Broth microdilution assay was utilized as the medium 
detecting MIC values of the essential of T. spicata. 
Essential oil demonstrated various antimicrobial 
activity with microorganisms tested in the study (Table 
3). 
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Table 3. Minimum inhibitory concentrations of essential oil obtained from T. spicata herbs 

 Essential oil of T. spicata L. var. 
 

       mg/mL 
S/No. Microorganisms  
1 E. coli 1.25 
2 S. aureus 1.25 
3 P. aeruginosa 5.0 
4 E. faecalis 5.0 
5 C. albicans 1.25 

1.25 - 5.0 mg/mL was determined as the range of the 
extracts MIC values. According to the results, E. 
faecalis and P. aeruginosa were less affected by the 
essential oil of T. spicata than other microorganisms 
with the lowest MIC values 5.0 mg/mL, while the MIC 
value against other microorganisms is 1.25 mg/mL. 
Cytotoxicity assay 

3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was the medium of evaluation of 
essential oil proliferative effect on cellular 
development. The transition of tetrazolium bromide 
(MTT) from yellow to purple formazan through 
mitochondrial enzyme succinate dehydrogenase 
activity in viable cells constitutes colorimetric assay. 
The findings clearly demonstrate that for MCF-7 
cancer cells, PC-3 cancer cells, basic oil possesses a 
significant antiproliferative activity, with IC50 of 88.63 
µg/mL and with IC50 of 79.25 µg/mL, respectively.  

Enzymes inhibitory activity  

The utilizing these plant origin materials as 
supplementary medicines in dementia treatment, 
shows variations in line with the expectations of that 
specific society (“Alzheimer’s Association). In 

comparison to the ones in the Far East countries such 
as China with the exception of the limited number of 
plants like Ginkgo biloba, whose major contents, the 
ginkgolides,  are shown to have neuroprotective, 
antioxidant, and cholinergic activities related to AD 
mechanisms, in traditional Western medicine, memory 
enhancing plants or pharmacological properties of 
traditional cognitive have not been extensively 
evaluated in the context of prevalent models of AD 
[32]. Placebo-controlled clinical trials reported similar 
therapeutic effects of Ginkgo biloba extracts in AD 
currently prescribed drugs such as donepezil or tacrine 
and, importantly, undesirable side effects of Ginkgo 
biloba are minimal [33]. 

In the Alzheimer's -afflicted brain, the cells that utilize 
ACh are destroyed or harmed, leading to lower 
amounts of the chemical messenger [34, 35]. A ChEI 
is designed to reduce AChE activity, thereby slowing 
ACh separation. By memorizing levels of ACh, the 
drug can help compensate for the detriment of 
functioning brain cells. In the present study, T. spicata 
plant efficiently managed to inhibit AChE, BChE, and 
α-glycosidase enzymes (Table 4). 

Table 4. The enzyme inhibition results of essential oil of Thymbra spicata L. var. spicata against AChE, BChE, 
and α-glycosidase enzymes.  

Extract or Reference 

Compounds 

α-glycosidase AChE BChE  

IC50 (µg/mL) R2 IC50 (µg/mL)  R2  IC50 (µg/mL) R2 

Thymbra spicata L. 7.78 0.971 0.23  0.992  1.64 0.989 

Tacrine* - - 12.36  0.958  19.11 0.981 

Acarbose** 22.8 - -  -  - - 

           

*Tacrine was used as positive control for AChE and BChE enzymes and determined as µM levels.  

**Acarbose was used as positive control for α-amylase and α-glycosidase enzymes and determined as µM 
levels, which given in references (Noh et al., 2011). 
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TAC (9-amino-1, 2, 3, 4-tetrahydroacridine), the initial 
drug to be legally accepted for placative treatment in 
AD, acts as an agent reversibly inhibiting BChE and 
AChE. These enzymes IC50 values were obtained 0.23 
µg/mL for AChE, 1.64 µg/mL for BChE, 7.78 µg/mL. 
Moreover, Tacrine (TAC), utilized as BChE and AChE 
inhibition positive standard, yielded IC50 values 19.11 
µmol/L and 12.36 µmol/L, respectively. In terms of 
their safety requirements and therapeutic implications, 
edible plant materials in food supplement form and 
various herbs of natural origin which are in use as 
medicinal agents in medicine have witnessed an 
accumulating surge of scientific interest in the 
treatment of diabetic disease. Considering the fact that 
the majority of the drugs provided by modern Western 
medicine on the counters are, to a certain extent, 
obtained from plant materials, this trend is far from 
being scientifically predicted [36]. 

Natural α-amylase and α-glucosidase inhibitors are 
being evaluated as novel candidates to control 
hyperglycemia in diabetic patients [37]. For instance, 
the traditional Arabic medicine is still determined and 
may create efficient novel compounds for treating 
diabetes disease and other diseases, as the 69 plant 
species that are introduced in a review about diabetes 
treatment in Jordan [38]. Some of these plants have 
been shown to inhibit glucosidase and amylase 
activities in vivo and in vitro, including Varthemia 
iphionoides, Geranium graveolens, Sarcopoterium 
spinosum, Pistacia atlantica, and Rheum ribes [39]. 

 

The interactions of active ingredients in T. spicata 
essential oil with cancer cells are given in Figures 4, 5, 
6 and 7. 

 

 
Figure 4. Cell proliferation assay of MCF-7 and PC-3 cell 
lines in the presence of the essential oil of T. spicata with 
different concentrations for 24 h. 

 
Figure 5. AO/EB staining of MCF-7 cancer cell lines with 
the concentration of 100 µg/mL for the incubation period of 
24h. A: Fluorescence images of control MCF-7 cells; B: 
Fluorescence images of treated MCF-7 cells with T. spicata 
essential oil after staining, C: ratios of AO/EB staining in 
MCF-7 cell line at 100 µg/mL concentrations of T. spicata 
essential oil for 24h. 

 
Figure 6. AO/EB staining of PC-3 cancer cell lines with the 
concentration of 100 µg/mL for the incubation period of 24h. 
C: Fluorescence  images of control PC-3 cells; D: 
Fluorescence images of treated PC-3 cells with T. spicata 
essential oil after staining; E: ratios of AO/EB staining in 
PC-3 cell line at 100 µg/mL concentrations of T. spicata 
essential oil for 24h. 
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A 

 
B 

 
C 

Figure 7. The IC50 graphs of Thymbra spicata L. var.  spicata essential oil against A) AChE, B) BChE, C) α-
glycosidase enzymes.   
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Conclusion 

The current research demonstrates that the 
essential oil of T. spicata is a good source of potent 
and natural antioxidants as well as a good α-
glycosidase, BChE, and AChE inhibitors. The 
activities mentioned above may have a relation 
with high levels of phenolic content existing 
within such essential oil. The plant materials have 
demonstrated a satisfactory inhibitory effect on 
the enzymes mentioned above. AChE, BChE 
inhibition has significant potential not only in the 
development of drugs but also in other fields such 
as toxicology and medicine. Moreover, the main 
component of T. spicata, Carvacrol, in water has 
low chemical reactivity and high kinetic stability.  
On the other hand, this plant can be a drug 
candidate as antidiabetic, anticholinergic and food 
additive.  
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