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Abstract: In this study, it was aimed to determine the antioxidant and anticancer activities of Sideritis 

perfoliata methanolic extract (SPE) on cervical cancer cells (HeLa). Different doses (25, 50, 100 and 200 

µg/mL) of SPE were used to determine proliferation of HeLa cells by 3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyl-tetrazolium bromide (MTT) staining method. Induction of apoptosis was determined by 

Annexine-V and propidium iodide staining method. Interleukin (IL) 6-8 levels were measured by ELISA 

method. Antioxidant activities of SPE were determined by DPPH, DNA (plasmid pBR322) protecting and 

cellular antioxidant activity tests. Some phytochemicals of SPE were also screened by LC-MS-MS. It was 

determined that SPE reduced the proliferation of HeLa cells and also induced apoptosis. IL6-8 levels 

importantly decreased at 200 µg/mL. SPE exhibited moderately antioxidant activities in tests used. 

Among the phenolics identified, vanillic acid had the highest amount. As a result, it was determined to 

have the anticancer activity of SPE by decreasing cell proliferation, inducing apoptosis and decreasing 

IL6-8 in HeLa cells. 
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Resumen: En este estudio, se tuvo como objetivo determinar las actividades antioxidantes y 

anticancerígenas del extracto metanólico de Sideritis perfoliata (SPE) en las células de cáncer de cuello 

uterino (HeLa). Se utilizaron diferentes dosis (25, 50, 100 y 200 µg/mL) de SPE para determinar la 

proliferación de células HeLa mediante el método de tinción con bromuro de 3- [4,5-dimetiltiazol-2-il] -

2,5-difenil-tetrazolio (MTT). La inducción de apoptosis se determinó mediante el método de tinción con 

anexina-V y yoduro de propidio. Los niveles de interleucina (IL) 6-8 se midieron mediante el método 

ELISA. Las actividades antioxidantes de SPE se determinaron mediante pruebas de DPPH, protección de 

ADN (plásmido pBR322) y actividad antioxidante celular. Algunos fitoquímicos de SPE también se 

analizaron mediante LC-MS-MS. Se determinó que SPE redujo la proliferación de células HeLa y 

también indujo apoptosis. Los niveles de IL6-8 disminuyeron de manera importante a 200 µg/mL. SPE 

mostró actividades moderadamente antioxidantes en las pruebas utilizadas. Entre los fenólicos 

identificados, el ácido vainílico tuvo la mayor cantidad. Como resultado, se determinó que tenía la 

actividad anticancerígena de SPE al disminuir la proliferación celular, inducir apoptosis y disminuir la 

IL6-8 en las células HeLa. 
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INTRODUCTION 

Cancer is the one of diseases to have a rate of high-

mortality.  Lung, prostate, colorectal, stomach and 

liver cancers in men are the most common, while 

breast, colorectal, lung, cervical and thyroid cancer 

are the most common in women (WHO, 2018). 

Cervical cancer is cause to 7.5% of deaths caused by 

cancer in women (Bray et al., 2018). The factors 

including virus infection (Smith et al., 2002), 

expression of oncogenes (Mammas et al., 2004), 

overexpression of proinflammatory cytokines such as 

IL6 and IL8 (Tjiong et al., 1999; Waugh & Wilson, 

2008) associated with cervical cancer. 

There are a few different methodological 

approaches to treatment of cancer, and the cancer 

treatment with synthetic or natural agents is among 

these methods used. In these agents it is sought many 

features such as reducing of the viability and 

proliferation of cancer cells, inducting of apoptosis, 

blocking the cell cycle and suppression of the 

oncogene products (Pavithra et al., 2018; Kim et al. 

2018). Many of plant-based chemicals, which were 

discovered as anti-cancer agents and their derivatives, 

have been used in preclinical tests so far (Ijaz et al., 

2018). In parallel with increasing cancer cases, the 

discovery of new natural agents have been gained 

importance to treatment them. Especially, plants 

belonging to Lamiaceae are used as important 

sources for this purpose (Pudziuvelyte et al., 2017; 

Shakeri et al., 2019; Balusamy et al., 2018). Many 

phytochemical agents in this genus are used in the 

treatment of many diseases, including cancer for a 

long time. 

 Lamiaceae, which are represented by about 

245 genera and 7886 species in the world (Celep & 

Dirmenci, 2017) and is represented by 45 genera and 

558 species, 247 of which are endemic in Turkey 

(Davis et al., 1988; Guner et al., 2000). Sideritis 

genus belonging to Lamiaceae is represented by more 

than 150 species (Ramos et al., 1994). It has been 

determined that Sideritis species contain many 

seconder components such as terpenes, flavonoids, 

volatile oil, iridoids, coumarins, lignans and sterols. 

More than 160 diterpenes have been identified in 

Sideritis species which are rich in flavonoid content 

and isolated from aerial parts (Gonzalez-Burgos et 

al., 2011).  

Sideritis species have been used due to their 

medicinal properties including anti-inflammatory 

(Küpeli et al., 2007), antimicrobial (Köse et al., 

2010), antioxidant (Erkan et al., 2011), 

anticholinesterase (Ertaş et al., 2009), and analgesic 

(Hernández‐Pérez & Rabanal Gallego, 2002) for a 

long time. In the present study, it was aim to 

determine the anticancer and antioxidant activity of 

SPE and its some of photochemical compounds. In 

this context, anti-proliferative and apoptosis inducing 

activity of SPE on cervical cancer cell line HeLa was 

determined. Moreover, levels of IL6 and IL8 levels, 

which were found to play a role in the pathogenesis 

of cervical cancer, were determined after SPE 

application. In addition, antioxidant activities of SPE 

were determined by DPPH scavenging, DNA 

protecting and cellular antioxidant activity. Finally, 

some compounds of SPE were defined by LC-MS-

MS. 

 

MATERIALS AND METHODS 

Collection of S. perfoliata and preparation of SPE 

S. perfoliata was collected from Idilli Village-

Islahiye-Gaziantep-Turkey and defined by Dr. 

Mustafa Pehlivan at 05.06,2017 (voucher number: 

MPH2017-5).  S. perfoliata were air dried in a dark 

room and its aerial parts were pulverized. Then, 40 g 

of plant powder was extracted by Soxhlet appratus. 

For preparation of methanol extracts, this plant 

material placed into the Soxhlet apparatus was treated 

with methanol for 6 hours at 50-60°C.  The methanol 

into the solution was eliminated by using rotary 

evaporator at 50°C and remaining solid material was 

preserved at +4ºC until use. 

 

Determination of DPPH scavenging activity 

DPPH scavenging activity of SPE was tested 

according to the method applied by Saint-Cricq de 

Gaulejac et al. (1999). 0.1 mL of SPE doses was 

mixed to 2.9 mL of solution of DPPH and then the 

mixed solution has been saved in the dark for 45 min. 

300 µL of the solution was taken and added to the 96 

well plates, and it was measured at 517 nm in a 

colorimetric reader (Biochrom, UK). 

 

DNA protecting activity of SPE against the hydroxyl 

radical 

DNA protecting activity of SPE was detected by 

using plasmid DNA pBR322. Standard solutions 

were prepared at 25, 50, 100, and 200 µg/mL doses 

of SPE. At first, 0.5 μg of pBR322 was put in the 

Eppendorf tubes, then, 10 μL of the standard 

solutions of SPE were added to it. Also, 10 μL of 

Fenton's agent (30 mM H2O2, 50 μM ascorbic acid, 

and 80 μM FeCl3) was added into the prepared 

solution and incubated at the room temperature for 10 

minutes. The final volume was prepared to be 20ml 
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and allowed to stay for 30 minutes at 37°C. Then, 

pBR322 DNA was performed by electrophoresis on 

1% agarose gel (Lee et al., 2002) 

 

Determination of Cellular antioxidant activity 

(CAA) 

CAA of SPE in HeLa cells was assessed according to 

method of Wolfe et al. (2008). Briefly, cells were 

dispersed to 96-well plates with a density of 6x104 

per milliliter and incubated for a period of 24 h. 

Later, growth medium was removed and cells were 

washed with PBS. Then wells were incubated with 

the 25 µM of 2′,7′-dichlorofluorescin diacetate 

(DCFH-DA) and 100 µ of SPE doses for 1 hour. 

Subsequently, wells were washed with 100 µL of 

PBS solution and 600 µM of 2,2′-azobis(2-ethyl-

propionamidine) dihydrochloride (ABAP) were 

added. Results were read at emission 538 nm and 

excitation 485 nm wavelengths every 5 minutes for 1 

hour in florescence spectrophotometer (Termo, 

Germany). 

 

Determination of Cell Viability by MTT (3- [4,5- 

dimethylthiazol- 2- yl]- 2,5- diphenyl- tetrazolium 

bromide) 

HeLa cells were cultured in 96-well plates and 

complete growth medium with FCS was replaced 

with serum free (SF) medium after cells reached 70-

80% confluence and incubated with 24 hours. 

Subsequently, HeLa cells were incubated with 25, 50, 

100 and 200 µg/mL doses of SPE for 24 hours. As a 

positive control, cells were grown in the presence of 

10% FCS were used. Cell viability was evaluated by 

using MTT staining method. Culture medium was 

replaced with SF medium containing 1 mg/mL MTT 

(Sigma) and incubated at 37°C for 15 min. MTT was 

further removed and blue formazan crystals were 

dissolved by using DMSO (Sigma). The color change 

was read at 550 nm with a colorimetric reader 

(Biochrom, UK). 

 

Determination of Apoptosis Induction 

To determine the induction of apoptosis, HeLa cells 

were seeded with a 1x106/mL density to 6-well 

plates, and 25, 50, 100 and 200 µg/mL doses of SPE 

was applied for a period of 24 hours. Annexin V/PI 

(Becton Dickinson, Pharmingen, UK) apoptosis 

detection kit was used to measure cellular apoptosis 

and manufacturer’ recommended protocols were 

followed. Results were measured in Becton-

Dickinson FACSort flow cytometer. 

 

Determination of IL6 and IL8 levels 

HeLa cells were incubated for 24 hours after SPE 

application. Then, supernatants in wells were taken 

and interleukin 6 (IL6) and Interleukin 8 (IL8) levels 

were determined by the Elisa kits according to the 

protocol of manufacturer. 

 

Determination of phenolic compounds by LC-MS-

MS 

Samples for phytochemical analysis of SPE were 

prepared by dissolving samples in methanol and then 

filtrated with 0.22 μM filter. The LC-MS-MS 

apparatus of Nexera UHPLC (Shimadzu) with LC-

20AD two pumps, DGU-20A3R degasser, CTO-

10ASVP column furnace and SIL-20AC autosampler 

was used for the study. C18 Intersil ODS-4 analytical 

colon (3.0 mm x 100 mm, 2 µm) was used. The 

injection volume was 2 μL and flow rate 0.3 ml/min. 

Mobile phase A (Water and 0.1% Formic acid) and 

mobile phase B (Methanol and 0.1% Formic acid) 

were used in a linear gradient flow and column 

temperature was set at 40 °C initially. 

 

Statistical Analysis 

SPSS 15.0 program was used the statistical analyses. 

DPPH, MTT, and IL6 and IL8 were evaluated by 

one-way analysis of variance (ANOVA). Dunnett test 

were used to compare the doses applied with 

controls. Tukey’s pair-wise multiple comparison test 

was used to determine the differences between the 

groups of significant variables. The results were 

pointed out as mean ± SD. The level of significance 

was accepted to be at least p<0.05. 

 

RESULTS 

Determination of DPPH scavenging activity of SPE 

DPPH, which is a cationic free radical, is purple 

when dissolved in methanol and if there is an 

antioxidant in the environment, the reaction color 

turns from purple to yellow. Tukey HSD test of One 

Way Anova was used to determine statistically 

significance differences between the groups. Figure 

No. 1 shows the DPPH scavenging activity of SPE. It 

could be seen that the 2 mg/mL dose of SPE 

neutralized 43% of DPPH (p<0.05). The doses of 25, 

50 and 100 µg/mL of SPE exhibited weak radical 

scavenging activity. Ascorbic acid was used as a 

positive control in this assay and all its doses 

exhibited high antioxidant activity (p<0.05), 

excepting 0.25 µg/mL dose (p>0.05). It was found 

the SPE exhibited a weaker DPPH scavenging 

activity when compared to ascorbic acid.  
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Figure No. 1 

DPPH scavenging activities of SPE doses. Tukey HSD test was used to determine statistically significance 

differences between the groups. Means different letters on the same line are significantly different  

(p<0.05) 
 

 

 

Determination of DNA protection activity of SPE 

against to hydroxyl radical 

In DNA protection activity, it was evaluated the 

transformation of pBR322 DNA exposed to hydroxyl 

radical after SPE application. When pBR322 is 

exposed to hydroxyl radical, the double DNA chain 

(form I) loosens and transforms from supercoiled 

structure to linear form (form II) or damaged DNA 

form (form III) (Burrows & Muller, 1998). The 

effects of 25, 50, 100 and 200 µg/mL of SPE on 

pBR322 DNA exposed to the hydroxyl radical were 

shown in Figure No. 2. As illustrated Figure No. 2, 

while none of SPE protected transformation of DNA 

from form I to form III, they showed DNA protecting 

activity at transformation from form II to form III. 

 

Determination of Cellular antioxidant activity 

(CAA) of SPE on HeLa 

CAA activity is used to measure the antioxidant 

capacity of a compound to prevent peroxyl radical 

(Wolfe & Liu, 2007). In present study, CAA was 

determined by measuring the peroxyl radical levels in 

HeLa cancer cells after SPE application. 

Fluorescence level of the reaction was measured at 

every 5 minutes during 1 hour after SPE application. 

It was determined that 200 µg/mL dose of SPE 

exhibited higher CAA than 25, 50 and 100 µg/mL 

doses of SPE (Figure No. 3), exhibited similar and 

low CAA. 

 

Determination of Anti-proliferative Activity of SPE 

on HeLA cells 

Antiproliferative effects of 25, 50, 100 and 200 

µg/mL doses of SPE were tested by using MTT 

staining method on HeLa cells and results were given 

in Figure No. 4. Dunnett test was used to determine 

statistically significance differences between the 

groups. It was determined that SPE inhibited the 

proliferation of cancer cells in a dose dependent 

manner. As illustrated Figure No. 4, 200 µg/mL dose 

of SPE showed the strongest anti-proliferation 

activity on cancer cells when compared to control 

DMSO (p<0.001). Moreover, 50 and 100 µg/mL 

doses showed an approximate anti-proliferative effect 

to the effect of 200 µg/mL dose (p<0.01). Only 25 

µg/mL dose exhibited a moderately anti-proliferative 

effect when compared to other doses (p<0.05). 

 

 



 

Cocelli et al. Bioactivities of Sideritis perfoliata 

 

                                     Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/ 398 

 

 

 
 

Figure No. 2 

DNA protecting activities of SPE doses against the hydroxyl radical. Form I: Supercoiled DNA, Form II: 

Linear DNA, Form III: Nicked DNA, M: marker, NC: Negative control 

 

 

 
 

Figure No. 3 

CAA of SPE doses on HeLa cells. SC: Saline control, DMSO: Dimethyl sulfoxide control 
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Figure No. 4 

Antiproliferative effects of SPE doses on HeLa cells. SC: Saline control, DMSO: Dimethyl sulfoxide control. 

Dunnett test was used to determine statistically significance differences between the groups and control. 

Means different letters on the different columns are significantly different (p<0.001) 

 

 

 

Determination of Apoptosis Induction in HeLa 

Cancer Cells after the SPE Application 

To determine the percentage rates of apoptotic phases 

induced in HeLa cells were used to the lowest (25 

µg/mL) and highest (200 µg/mL) doses of SPE. 

Results of apoptosis induction were given in Figure 

No. 5. It was determined that while the rate of early 

apoptotic cells were 29.36% in control DMSO group 

after 24 hours of applying of SPE doses, those of 25 

and 200 µg/mL SPE doses were 34.66% and 36.20%, 

respectively. Moreover, both doses of SPE also 

increased rate of late apoptotic (22.9 and 25.9%, 

respectively) cell when compared to the control 

group (21.9%). It was also found that necrotic cell 

count was less than 1% in all groups. 

 

Determination of IL6 and IL8 levels after the SPE 

Application 

After applying of SPE, the supernatants of HeLa cells 

in wells were taken and their levels of IL6 and IL8 

were measured by ELISA method. Dunnett test was 

used to determine statistically significance 

differences between the groups and control. The 

results were given in Figure No. 6. As shown Figure 

No. 6, while the 25 (591.85 pg/mL), 50 (806.31 

pg/mL) and 100 (1530.92 pg/mL) µg/mL doses of 

SPE increased the level of IL-6 in HeLa cell when 

compared to control DMSO (379.75 pg/mL), the 200 

(91.65 pg/mL) µg/mL dose of SPE significantly 

decreased the levels of IL8 when compared to control 

DMSO and other SPE doses (p<0.05). it was also 

found that the levels of IL8 increased significantly 

with applying of the 25 (367.87 pg/mL), 50 (499.53 

pg/mL) and 100 (1800.28 pg/mL) µg/ml doses when 

compared to control DMSO (196.27 pg/mL) 

(p<0.05). Interestingly, as similar to results of IL-6, 

200 (91.65 pg/mL) µg/ml dose significantly 

decreased the levels of IL8 when compared to control 

DMSO and other SPE doses (p<0.05).  
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Figure No. 5 

Percentages of the early and late apoptotic HeLa cancer cells after SPE application. LC: Living cells, EAC: 

Early apoptotic cells, LAC: Late apoptotic cells, NC: Necrotic cells 

 

 

Determination of phytochemical of SPE by LC-MS-

MS 

SPE were screened by LC-MS-MS for its 

phytochemicals. The substances defined and their 

quantities were given in Figure No. 7. The nine 

compounds were identified in SPE. While vanillic 

acid and hydroxycinnamic acid were determined as 

the highest amounts (961.03 and 185.91 µg/mL, 

respectively), quercetin and acetohydroxycinnamic 

acid was the least (0.89 and 1.35 µg/mL, 

respectively). 

 

DISCUSSION 

There are many studies about the antioxidant 

activities of Sideritis species in previous studies. 

Erkan et al. (2011), reported to have the DPPH 

scavenging activity of methanol, ethanol and ethyl 

acetate extracts of S. congesta and S. arguta. In 

another study, especially the polar extracts of S. 

galatica have been reported to exhibit a strong DPPH 

scavenging activity (Zengin et al., 2014). In the 

present study, the SPE moderately exhibited DPPH 

scavenging activity in a doses dependent manner. 

Moreover, only DPPH may not be sufficient to assess 

the antioxidant activity. Hence, in other antioxidant 

test system we studied the DNA protective activity of 

SPE against hydroxyl radical. The free radicals 

exhibit destructive effects on nucleic acids in cells.  
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Figure No. 6 

IL-6 and IL-8 levels on HeLa cells after SPE application. SC: Saline control, DMSO: Dimethyl sulfoxide 

control. Dunnett test was used to determine statistically significance differences between the groups and 

control. Means different letters on the same line are significantly different (p<0.01) 
 

 

These radicals attach to the sugar-phosphate 

backbone on DNA and cause to break down of DNA 

(von Sonntag, 1987). The DNA protecting activity of 

extracts and essential oils from some plants 

belonging to Lamiaceae against free radicals has been 

shown in previous studies (Yumrutas & Saygıdeğer, 

2010; Yumrutas et al., 2012). In present study, 

however, the all of the doses of SPE showed a weak 

DNA protective activity against the hydroxyl radical. 

In addition to the antioxidant activities of extracts or 

natural compounds in in vitro test systems, to 

determine their antioxidant activities in the living 

cells is also necessary for a more precise evaluation. 

If an antioxidant molecule reacts directly with ROO 

or indirectly with ROS, the oxidation of DFCH2 is 

inhibited, and therefore the level of fluorescence 

reduces in the cellular antioxidant activity system. In 

the present study, while 25, 50 and 100 µg/mL doses 

of SPE showed a weak CAA, only 200 µg/mL dose 

showed a moderate antioxidant activity. These results 

were similar to the results of DPPH scavenging 

activity in this study. When the results of DPPH and 

CAA, excepting DNA protection activity, were 

evaluated, it was considered that high doses of SPE 

might exhibit the antioxidant activity. 

Besides the antioxidant activities of SPE, its 

anticancer potential was determined in the present 

study. At first it was demonstrated that SPE prevent 

the viability and proliferation of HeLa cells in a dose 

dependent manner. Previous studies have reported the 

anti-proliferative effects of Sideritis species on 

different cancer cells. S. libanotica ssp. linearis has 

been reported to have the antiproliferative effect on 

HeLa cells (Demirtas et al., 2009). In another study, 

it has shown that S. floridana inhibits the 

proliferation and growth of human colon cancer 

HT29 cell line (Ma et al., 2013). In the present study, 

it can be said that especially high doses of SPE have 

a strong anti-proliferative effect on HeLa cancer 

cells. Only anti-proliferation test, however, is not 

enough to show whether a substance has anticancer 

activity or not, and additional tests such as induction 

of apoptosis, which is which is programmed cell 

death, is one of the most important pathways used to 

destroy a cancer cell (Johnstone et al., 2002), are 

required. Hence, in the present study it was 

determined the induction of apoptosis in HeLa cells 

after SPE application, and the high dose of SPE 
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increased the induction of apoptosis. As a result of 

our literature survey, it can be said that this study is 

the first report showing the apoptosis inducing effect 

of S. perfoliata in cervical cancer cells. Moreover, 

there are studies showing the apoptotic effects of 

different Sideritis species in the literature. In a 

previous study, it has reported that S. öztürkii induce 

apoptosis by increasing of expressions of APAF, 

BAX, P53 and Caspase3 (apoptotic proteins) and by 

decreasing of BCL2 (antiapoptotic protein) 

expression in colorectal cancer cells. Based on the 

above mentioned, SPE is thought to have an 

anticancer activity by inducing apoptosis in HeLa 

cancer cells. In this study HeLa cells only was 

exposed to SPE doses for 24 hours, 48 and 72 hours 

of SPE exposure is thought to further increase the 

induction of apoptosis. 

 

 

 
 

Figure No. 7 

The compounds defined in SPE and their amounts 
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Formation of cervical cancer is associated 

with chronic inflammation (Shust et al., 2010), which 

is a physiological process used naturally to protect 

tissues against factors such as inflammation, 

pathogens, xenobiotic and cells damaged (Barajas-

Gomez et al., 2017). This process allows elimination 

of the cells damaged and creation of a suitable 

microenvironment (Barajas-Gomez et al., 2017). 

Despite these positive effects of inflammation, it also 

can cause some diseases such as cancer. Interleukins 

(IL) play important roles in inflammation. The levels 

of interleukins such as IL 6 and IL 8 increase in the 

pathogenesis of many cancers. IL 6, which is a 

central pro-inflammatory and multifunctional 

cytokine, is known to be produced by many cancer 

cells. In previous studies, it has been reported an 

increase in level of IL-6 in pathogenesis of cervical 

cancer (Tjiong et al., 1999; Wei et al., 2001a; Wei et 

al., 2001b; Abdelwahab et al., 2012). This increase 

was considered to suppress the apoptosis in cervical 

cancer (Wei et al., 2001b). Moreover, important roles 

of IL8 in the pathogenesis of many cancers have also 

been identified (Xie, 2001). It has been reported that 

IL8 increase the proliferation, invasion and 

metastasis of cancer cells (Palena et al., 2012) and it 

plays a role in the progression of cervical cancer as 

an angiogenic prognostic factor (Fujimoto et al., 

2000). Tjiong et al. (1999) have reported that both 

IL6 and IL8 levels increased in cervical cancer cells. 

In the present study, levels of both IL6 and IL8 were 

determined in HeLa cancer cells and their levels at 

200 µg/mL dose of SPE decreased significantly. It 

was considered that the increase of induction of 

apoptosis in HeLa cells was due to reducing of IL6 

and IL8 levels after SPE application.  

Previous studies presented the biological 

activities of some of plant-based compounds (Parlar 

& Arslan, 2019; Ozay et al., 2019; Parlar et al., 

2020). Species belonging to Lamiaceae are rich in 

phytochemicals. In the present study, in the screening 

performed with LC-MS-MS, nine compounds were 

defined in SPE. While vanillic and hydroxycinnamic 

acid had the highest amount in SPE, 

acetohydroxamic acid and quercetine was the least. 

In the present study, the anticancer activities of the 

compounds defined of SPE on HeLa cells were not 

tested individually. To make a more precise 

evaluation about anticancer activities of the 

compounds defined should be necessary to further 

studies. 

 

CONCLUSION 

As a result, in this study it was demonstrated that S. 

perfoliata has a strong anticancer activity on HeLa 

cancer cell because of reducing the cell proliferation, 

inducting the apoptosis and decreasing IL6 and IL8 

levels, however, it has weak effects in terms of 

antioxidant activity. For a more precise evaluation 

about anticancer activity of S. perfoliata, it is 

considered that effects of S. perfoliata and its 

compounds defined on levels of proapoptotic (BAX, 

BAK), anti-apoptotic (BCL-2-BCL-XL) and 

apoptotic (CASPAS3) proteins in further studies 

should be determined. 
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