
ABSTRACT
Species belonging to the genus Satureja have been used traditionally in the treatment of many diseases. Satureja cilicica, an 
endemic plant, is known as thyme or henna in Turkey, and it grows in Konya, Niğde, Adana, and Hatay. Also, the plant has 
antimicrobial and antifungal effects. In this study, the antioxidant and antimicrobial potential of methanolic extracts obtained 
from S.cilicica and the cytotoxic and apoptotic effects on colon cancer cell line were investigated. 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) test was used to evaluate the antioxidant potential of extracts, minimum inhibitory concentration (MIC) test for 
antimicrobial effect and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) test to determine cytotoxic 
effects. Real-Time PCR (RT-PCR) evaluated expression levels of two pro-apoptotic gene regions. As a result, it was found 
that methanolic extract had antioxidant and antimicrobial potential, showed a cytotoxic effect on colorectal cancer cell line 
and increased expression levels of pro-apoptotic gene regions studied.
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INTRODUCTION
The Satureja (thyme) plant is a member of the Lamiaceae, 
which is a subfamily of the Nepetoideae, and grows mainly 
in the Mediterranean region. It is known that many species 
of the Satureja plant have aromatic and medicinal properties. 
On the other hand, many cancer patients are turning to 
alternative and/or complementary treatment methods due to 
the serious side effects of chemotherapy and radiation therapy, 
the high mortality rate seen experienced in cancer disease.1,2 
Satureja species are generally subjected to antibacterial, 
antifungal, antioxidant, cytotoxicity, antidiabetic, anti-HIV, 
anti-hyperlipidemic, reproductive stimulant, expectorant, and 
vasodilatory activity studies.3 The process of programmed 
cell death, or apoptosis, is generally characterized by 
distinct morphological characteristics and energy-dependent 
biochemical mechanisms. The suicide program of inner cell 
protects the organism and maintains proper development by 
preserving tissue homeostasis and getting rid of damaged or 
infected cells that may interfere with normal functions.4 It is 
known that apoptosis, also called programmed cell death, is 
a complex mechanism that causes its destruction to control 
the cell proliferation process or occurs in response to DNA 
damage.5 The term apoptosis is a process that was used to 
describe the morphological processes leading to cellular self-
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destruction.6 The study aims to determine the cytotoxic and 
apoptosis-inducing effects of extracts derived from Satureja 
cilicica (thyme), colloquially used as a spice, and to reveal their 
antimicrobial and antioxidant potentials.

MATERIALS AND METHODS

Plant 
Satureja cilicica plants used in the study were collected from 
their natural habitats and brought to our laboratory. Prof. Dr. 
Tuna Uysal collected and identified the plant specimens.
Preparation of Extract
The Satureja cilicica plant’s surface sections were dried in a 
suitable environment without sun exposure and then made 
into powder and prepared for extraction. After this process, 
plant powders were weighed and placed in the cartridge and 
extracted with methanol through the soxhlet apparatus.7 It 
was evaporated in the rotary evaporator at 40ºC to remove 
the extracted solvent from the extraction. The crude extract 
obtained was stored at -20ºC.
Preparation of Cell Culture
The cells were cultured in a 25 cm² flask in a gas medium 
with 95% humidity and 5% CO2 and 37°C CO2 incubators. 
The density of the DLD-1 cells in the flask was controlled 
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from time to time by an inverted microscope, and the dense 
cell passaging from flasks and cell proliferation was provided.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) test
After counting the cells, cell culture was provided on 
96-well plates. Cells were incubated at 37°C for 24 hours 
after distribution. Fresh media containing the desired final 
concentrations of extracts (0.09–0.75 mg/mL) were added to 
the cells after 24 hours and incubated for 24 and 48 hours. 
Extract concentrations were prepared by serial dilution. 5mg/
mL-1 MTT solution was added to the cells treated with extracts 
for 24 and 48 hours at the end of the incubation period and 
then left for incubation in the incubator for 4 hours. At the 
end, 100 μL of isopropanol was added to each well to dissolve 
the formazan crystals formed by emptying the contents of 
the wells. After waiting for 4 hours, plates were read at a 
wavelength of 570nm in an enzyme-linked immunosorbent 
assay (ELISA) reader.6 Wells to which extracts were applied 
have been compared to the control group, and viability % was 
determined. The analyses were performed in triplicate, and the 
average values were considered
Ribonucleic Acid (RNA) isolation and RT-PCR
For each extract and control group, the same number of cells 
were cultured into 12-well plates and incubated for 24 hours by 
adding IC50 concentration of the extract, and only the amount 
of Dimethylsulfoxide (DMSO) used in the preparation of the 
extracts was added to the control group and incubated for 
24 hours. Then, all flask contents were discarded, and cells 
were removed and deposited by the centrifuge. Total RNA 
isolation was performed via the Axygen RNA isolation Kit. 
The RNAs obtained were stored at -86°C. The concentrations 
and purity of total RNAs were measured by using the Nanodrop 
2000 instrument. Total RNA at an equal concentration 
(0.5–1 micrograms) was converted to cDNA through

Fermentas First Strand cDNA kit. Then, amplification of 
DAPK1, DAPK2 and B-Actin gene regions was performed 
by RT-PCR.
Antimicrobial Analysis
It was shown that many test samples of the Broth microdilution 
method were a potentially useful method for determining the 

Minimum Inhibitory Concentration (MIC). In microbiology, 
MIC is the lowest concentration of antimicrobial agents 
that will inhibit the visible growth of microorganisms after 
overnight incubation. For antimicrobial tests, sterile U-shaped 
96-well microtiter plates were used. After adding 100mL of 
each prepared Muleller Hinton Broth (MHB) medium to each 
well of the plates, 100mL of the extracts diluted at 25 mg/mL 
were added to the wells. The extracts were diluted according 
to the Log2 base (12.5 mg/mL–6.1 µg/mL) by bringing them 
100mL level each with an 8-channel automatic pipette and 
transporting them to the next wells.

RESULTS 

MTT Test Results
After applying methanolic extract from Satureja cilicica on 
the DLD-1 cell line, the% viability plots obtained by the 
absorbance values of MTT test measured at the end of the 
24 and 48 hour incubation period, at the end of 24 hours of 
application, when the activity on the plates started with an 
equal number of cells was evaluated as% viability, and the 
applied extract was 10% at 93 µg/mL, 30% at 187.5 µg/mL, 
61% at 375 µg/mL, 81% at 750 µg/mL caused cell death. When 
we evaluate the results of 48 hours of extract application, it 
can be said that the cytotoxic effect increases depending on 
time. According to the measurements performed at the end of 
48 hours, the extract produced 17% at 93 µg/mL dose, 44% 
at 187.5 µg/mL dose, 73% at 375 µg/mL dose, 85% at 750 µg/
mL dose. When the graphs were evaluated, it was determined 
that the extract had dose and time-dependent cytotoxic effects 
in the administered dose and time interval.
Real-Time PCR Results
The results of RNA isolation from the control group after the IC50 
dose of Satureja cilicica were applied onto the colorectal cancer 
cell line. cDNA synthesis was performed by using a reverse 
transcriptase enzyme from the obtained RNAs. Expression levels 
of RT-PCR and pro-apoptotic gene regions were investigated by 
using appropriate primers. Our study’s amplification of two gene 
regions (DAPK1 and DAPK2) and B-Actin gene as housekeeping 
were performed. The values obtained after amplification were 
compared with B-actin, and relative expression levels were found. 
The graphs obtained are given below.

Figure 1: DAPK1 and DAPK2 gene expression levels after extract application
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In our study, a significant increase in both DAPK1 and 
DAPK2 gene expressions was found after extract application 
to the DLD-1 cell line. DAPK1 gene expression increased 
approximately 180-fold compared to the control group, while 
DAPK2 gene expression increased approximately 2.5-fold. 
The applied extracts increased the expression levels of DAPK1 
and DAPK2 genes in the apoptotic cell death pathway, which 
is generally inactive and/or lost function in cancer cells. 
This increase in the expression of pro-apoptotic gene regions 
following extract administration is an indication that cell death 
occurs by apoptosis.
Antimicrobial Analysis Results
Minimum Inhibitor Concentration (MIC) is the lowest 
concentration of an antimicrobial component or bacteriostatic 
agent. MICs are used to evaluate the effect of decreasing 
antibiotic and antiseptic concentrations over some time to 
inhibit microbial population growth. As a result of inoculating 
various concentrations of compounds with culture bacteria, 
the level at which the MIK point reacts is measured using 
agar dilution or broth dilution (macro or micro). The 
susceptibility test is typically performed using organisms 

that contribute to an infectious process that guarantees 
antimicrobial chemotherapy. Commonly used bacteria are 
ESKAPE pathogens (Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter).

In our study, the microdilution method, which is the method 
we used for antimicrobial activity examination, determined 
minimally inhibitory concentration obtained by diluting 
test substances in certain proportions and decreasing doses 
regularly. The advantage of this method is that MIC value is 
determined with a small amount of substance to be tested. 
In the data obtained from our studies and examinations, 
no antimicrobial effect was observed in all test doses of 
Esherichia coli, Klebsilla pneumonia, Salmonella enteritidis, 
and Candida albicans microorganisms. Besides, Sarcina 
lutea, Bacillus cereus, Listeria monocytogenes, Candida 
parasilopsis microorganisms in the plate, 4 wells antimicrobial 
effect (0.781 mg/mL) was found. Antibacterial activity 
was determined in 2 wells (3.125 mg/mL) in Pseudomonas 
aeroginosa and methicillin-resistant S. aureus. Antimicrobial 
activity inhibition against Proteus mirabilis occurs in 3 wells 
(1.562 mg/mL).

Figure 2: Plate view which is applied Satureja cilicica methanol 
extract; 1) Esherichia coli, 2) Pseudomonas aeroginosa 3) Klebsiella 

pneumonia, 4) Methicillin-resistant S.aureus, 5) Salmonella enteritidis 
6) Sarcina lotea 7) Proteus mirabilis 8) Bacillus cereus 9) Listeria 

monocytogenes, 11) Candida parasilopsis 12) Candida parasilopsis 
albicans

Figure 3: Plate view which is applied Gentamicin. 1) Esherichia coli, 
2) Pseudomonas aeroginosa 3) Klebsiella pneumonia, 4) Metisilin 

dirençli S.aureus, 5) Salmonella enteritidis 6) Sarcina lotea 7) Proteus 
mirabilis 8) Bacillus cereus 9) Listeria monocytogenes, 11) Candida 

parasilopsis 12) Candida albicans

Table 1: The determined mic values of the studied plant extracts against the standard strains

Microorganisms Satureja cilicica (mg/mL) Gentamicin (mg/mL)
1 Esherichia coli-ATCC-25922 – 0.0001
2 Pseudomonas aeroginosa-ATCC-27853 3.125 0.0001
3 Klebsiella pneumonia-ATCC-70603 – 0.0012
4 Metisilin direncili S. aureus-(MRSA)ATCC-43300 3.125 0.0001
5 Salmonella enteritidis-ATCC 13076 – 0.0001
6 Sarcina lutea-ATCC 9341 0.781 0.00003
7 Proteus Mirabilis-ATCC 25933 1.562 0.0003
8 Bacillus cereus-ATCC 11778 0.781 0.00003
9 Listeria monocytogenes-NRRL-B-33314 0.781 0.0003
11 Candida parasilopsis 0.781 0.0001
12 Candida albicans-ATCC 26555 – 0.0003
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DISCUSSION
Today, due to limitations such as cost and side effects of 
modern methods, treatments using herbs, widely used in 
the treatment of various diseases in every society and age 
group.8-9 In this direction, the increasing interest in herbal 
medicine; can be counted as easy accessibility, cheapness, 
and harmlessness.10 Species belonging to the genus Satureja 
are very popular plants in traditional medicine. There are 
many articles in the literature, including the antibacterial 
and antifungal activities of Satureja genus. Antimicrobial 
activities of Satureja spp were first reported in the 1950s, and 
the inhibitory effect has been shown to result from thymol and 
carvacrol content. The study reported the antibacterial effect 
of the methanolic extract obtained from S. cilicica has been 
identified that extract has a particularly strong antibacterial 
effect on P. vulgaris and S. aureus (MIC value: 1.6 mg/mL).11 
In our study, the highest antibacterial effect was observed on 
Sarcina lutea, Bacillus cereus, and Listeria monocytogenes 
(MIC value: 0.781 mg/mL). In our study, the MIC value of S. 
aureus was calculated as 3.125 mg/mL. In the study conducted 
by Arabacı et al., the cytotoxic activity of S. cilicica essential 
oil was determined by MTT test after 24 hours of application 
in MCF-7 cell line. The increased inhibition rate was reported 
due to increased dose, and IC50 value was determined (268 
µg/mL).12 Colorectal cancer cell line was used in our study. 
Depending on the different cell lines used naturally, cytotoxic 
results may also differ. In our study, the optimal IC50 dose 
of 48 hours was found to be approximately 0.225 mg/mL. 
There are no reports related to the cytotoxic effect of Satureja 
cilica, but there are studies on the use of various plants and 
plant extracts in colon cancer cell lines. The cytotoxic activity 
of plant extracts on the HT-29 cell line was investigated by 
MTT test to study ethanolic extract of Reissantia indica plant. 
According to MTT test results of Reissantia indica, the highest 
cytotoxicity of this extract against the HT-29 cell line was 
reported as 78.079% with a concentration of 1000 µg/mL with 
inhibition of cell growth. It has been reported to inhibit the 
HT-29 cell growth with the increase of extract dose applied in 
the study.13 When the cells were examined microscopically, 24 
hours after the addition of extracts, significant cell morphology, 
and density changes were reported. When the P. auriculata 
fractions were evaluated for cytotoxic effect, it was found that 
the dichloromethane fraction (CF) had the strongest cytotoxic 
effect. Even different extract concentrations of extract14 were 
applied over three cell lines for 24 and 48 hours to evaluate 
the cytotoxicity of extracts obtained from Tribulus terrestris 
plant, and an MTT test was used to determine cytotoxic 
activity. As a result, Tribulus terrestris has been more effective 
on prostate cancer cell lines than colon and fibroblast cells. 
Although the cytotoxicity results and IC50 values obtained in 
various studies show differ, the dose and the time-dependent 
cytotoxic effect observed in our study is consistent with other 
studies conducted with Satureja species. It is necessary to know 
how cell death occurs rather than the cell death of the plant or 
herbal preparation to be used in cancer treatment. In addition 

to its cytotoxic effect, the extract must have the capacity to 
induce apoptosis. Apoptosis-mediated cell death is preferred 
since it does not produce an immune response. Reactivation 
of the mechanism of apoptosis lost in cancer cells can occur 
in two ways; these are activation of pro-apoptotic genes and 
inactivation of anti-apoptotic genes. One of the pro-apoptotic 
genes involved in apoptotic cell death is the DAPK1 gene 
region. The results we get in our study, applied extract causes 
an increase in pro-apoptotic DAPK1 expression. DAPK1 gene 
expression level of resveratrol has been reported to increase 
compared to control.15 Activation of DAPK1 and DAPK2 
indicates that apoptotic cell death has occurred in cancer 
cells. Although the method of preparation of the extract in 
this study is different from the method we use, our results are 
consistent in terms of antibacterial effect. In a study conducted 
with Satureja Montana L, antimicrobial activity and potency 
against microorganisms examined were characterized by 
inhibition zone diameter, and MIC values were measured. 
According to the study results, it was reported that essential 
oil obtained from S. Montana L has antibacterial activity 
on nine bacteria and ethanolic extract on eight bacteria.16 
Although the plant species used differ, the results are similar 
in terms of antibacterial effect. In our study, the extract was 
found to have an inhibitory effect on nine different bacteria.5 
the antimicrobial activity of S. laxiflora’s essential oil is 
reported to be due to thymoline, the main component of the 
essential oil.17 The effect of S Montana and S. subspicata oils 
have also been reported, and essential oils from S. spicigera, 
S. biflora, S. masukensis and S. pseudosimensis showed high 
inhibition against a wide range of microorganisms.18-20 When 
we evaluate our antibacterial results from a general point of 
view, although there are limited studies with S. cilicica, our 
results are consistent with the literature regarding antibacterial 
and antimicrobial effects.

CONCLUSION 
It was concluded from the current study that methanolic S. 
cilicica extract had antioxidant activity and antimicrobial 
potential activity, especially against P. aeroginosa and 
methicillin-resistant S. aureus, and methanolic extract showed 
a cytotoxic effect on colorectal cancer cell line and increased 
expression levels of pro-apoptotic gene regions studied.

REFERENCE 
1. Desai AG, Qazi G N, Ganju R K, El-Tamer M, Singh J, Saxena 

A K, Bedi Y S, Taneja S C, ve Bhat H K. Medicinal plants and 
cancer chemoprevention, Current drug metabolism, 2008; 9 
(7), 581-591.

2. Momtaz S, ve Abdollahi M. A systematic review of the biological 
activities of Satureja L. species, Pharmacologyonline, 2008; 2, 
34-54.

3. Rates S M K. Plants as source of drugs, Toxicon, 2001; 39 (5), 
603-613.

4. Elmore S. Apoptosis: a review of programmed cel l 
death. Toxicologic pathology, 2007; vol. 35,4 495-516. 
doi:10.1080/01926230701320337



The Investigation of Cytotoxic, Antioxidant, Antimicrobial, and Apoptotic Effects of Satureja Cilicica P.H. Davis Methanolic Extracts

IJDDT, Volume 11 Issue 2 April 2021 – June 2021 Page 321

5. Wong Rebecca S Y. Apoptosis in cancer: from pathogenesis to 
treatment. Journal of experimental & clinical cancer research 
2011; CR vol. 30,1 87. 26 Sep., doi:10.1186/1756-9966-30-87.

6. Kerr J F, Wyllie A H, ve Currie A R. Apoptosis: a basic biological 
phenomenon with wideranging implications in tissue kinetics, 
British journal of cancer, 1972; 26 (4), 239.

7. Redfern J, Kinninmonth M, Burdass D. and Verran J. Using 
soxhlet ethanol extraction to produce and test plant material 
(essential oils) for their antimicrobial properties. J Microbiol 
Biol Educ, 2014; 15(1), 45-46. 

8. Mosmann T. Rapid colorimetric assay for cellular growth and 
survival: application to proliferation and cytotoxicity assays, 
Journal of immunological methods, 1993; 65 (1-2), 55-63.

9. Sucaklı M H, Ölmez S, Keten H S, Yenicesu C, Sarı N, ve 
Çelik, M, Üniversite öğrencilerinin bitkisel ürünleri kullanım 
özelliklerinin değerlendirilmesi, Medicine Science, 2014; 3 (3), 
1352-1360.

10. Pınar N, Topaloğlu M, Özer C, ve Alp H. Kardiyoloji hastalarında 
bitkisel ürün kullanımı, Turk Kardiyol Dern Ars, 2017; 45 (7), 
614-622.

11. Koçtürk O M, Kalafatçılar O A, Özbilgin N, ve Atabay H. 
Türkiye’de Bitkisel İlaçlara Bakış, Ege Üniversitesi Ziraat 
Fakültesi Dergisi, 2009; 46 (3), 209-214.

12. Askun T, Tumen G, Satıl F, ve Karaarslan D. Active constituents 
of some Satureja L. species and their biological activities, African 
Journal of Microbiology Research, 2012; 6 (22), 4623-4633.

13. Arabacı T, Uzay G, ve Keleştemur U. Cytotoxicity, radical 
scavenging, antioxidant properties and chemical composition of 
the essential oil of satureja cilicica. 2017; ph Davis from Turkey.

14. Sangeetha M, Sudhakar K, Sathish S, Gayathri P ve D C. In vitro 
Cytotoxic Activity of Ethanolic Extract of Reissantia indica 
on the Human Colon Cancer Cell Line (HT-29) International 
Journal of Pharmacognosy and Phytochemical Research, 2019; 
11(1), 1-4.

15. Pourali M, Yaghoobi M M, ve Sormaghi M H S.Cytotoxic, 
Anti-Proliferative and Apoptotic Effects of Tribulus terrestris 
L. Fruit Extract on Human Prostate Cancer Lncap and Colon 
Cancer HT-29 Cell Lines, Jundishapur Journal of Natural 
Pharmaceutical Products, 2017;12 (2).

16. Vitanza L, Maccelli A, Marazzato M, Scazzocchio F, 
Comanducci A, Fornarini S, Crestoni ME, Filippi A, Fraschetti 
C, Rinaldi F, Aleandri M, Goldoni P, Conte MP, Ammendolia 
MG. and Longhi C. Satureja montana L. essential oil and its 
antimicrobial activity alone or in combination with gentamicin. 
Microb Pathog, 2019;126, 323-331.

17. Choi M S, Kim Y, Jung J Y, Yang S H, Lee T R, ve Shin D 
W. Resveratrol induces autophagy through death‐associated 
protein kinase 1 (DAPK 1) in human dermal fibroblasts under 
normal culture conditions, Experimental dermatology, 2013;22 
(7), 491-494.

18. Breakpoints C, CLSI Performance standards for antimicrobial 
susceptibility testing, Nineteenth informational supplement 
CLSI document M100-S21 Wayne, PA: Clinical and Laboratory 
Standards Institute, 2013.

19. Kovàts E. Characterization of organic compounds by gas 
chromatography. Part 1. Retention indices of aliphatic halides, 
alcohols, aldehydes and ketones, Helv. Chim. Acta, 1958; 41 (7), 
1915-1932.

20. Güllüce M, Sökmen M, Daferera D, Aǧar G, Özkan H, Kartal 
N, Polissiou M, Sökmen A, ve ŞahinF. In vitro antibacterial, 
antifungal, and antioxidant activities of the essential oil and 
methanol extracts of herbal parts and callus cultures of Satureja 
hortensis L., Journal of agricultural and food chemistry, 2013; 
51 (14), 3958-3965.

21. Gutierrez J, Barry-Ryan C, ve Bourke P. Antimicrobial activity 
of plant essential oils using food model media: efficacy, 
synergistic potential and interactions with food components, 
Food microbiology, 2009; 26 (2), 142-150.


