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Abstract: Origanum sipyleum is a medicinal plant species belonging to the genus 

Origanum and traditionally vegetative parts of this plant have been used as 

medicinal tea or food additives. The current study has been designed to examine 

the antioxidant, cytotoxic activities and total phenolic, flavonoid and tannin 

contents as well as the chemical composition of the ethanol extract of O. 

sipyleum. The antioxidant capacity of O. sipyleum was determined using six 

complementary methods, β-carotene/linoleic acid and phosphomolybdenum test 

systems, radical scavenging (ABTS and DPPH), metal chelating and reducing 

power assays. The phenolics were identified using HPLC. A brine shrimp 

(Artemia salina L.) lethality test was used for determining cytotoxic activity. The 

ethanol extract exhibited high DPPH free radical scavenging (DPPH, IC50:102.75 

µg/mL), ABTS radical scavenging (ABTS, IC50:88.64 µg/mL), metal chelating 

(20.68 %) and reducing power capacity (0.51 mg/mL). The antioxidant activities 

of the O. sipyleum with β-carotene/Linoleic acid and phosphomolybdenum were 

calculated as 85.59 % and 62.95 µg/mg respectively. The phenolic contents of 

the ethanol extract were evaluated using HPLC and determined major phenolics: 

caffeic acid, epicatechin and 2,5 dihydroxybenzoic. Furthermore, to gether with 

cytotoxic activity (LC50, 327.414 µg/mL) O. sipyleum is also rich in total 

phenolic, flavonoid and tannin contents were 203.57 ± 4.62 mgGAE/g, 46.98 ± 

0.34 mgQE/g and 34.55 ± 0.56 mgCE/g respectively. These results could provide 

addition information for the potential use of this medicinal plant as a food 

ingredient and as a natural antioxidant in the diet, as well as for the 

pharmaceutical industry. 
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1. INTRODUCTION 

Free radicals are unstable molecules that have been shown to react with various other 

materials to form new compounds that contain high levels of toxicity. Free radicals are able to 

induce cellular damage, oxidize protein, lipid and thereby can cause diseases [1, 2]. 

Antioxidants are substances that may inhibit these illnesses and due to these beneficial effects. 

Food and medicinal products are routinely enriched with synthetic antioxidants (BHT and 
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BHA). Conversely, there is evidence of manufactured antioxidants being potentially toxic. 

Therefore, there is great interest in the isolation of the safer and effective antioxidants that are 

naturally present in plants [3-5].  

Plants possess active natural compounds that differ widely in terms of biological 

properties and can be used in various fields, such as food ingredients, as well as medicinal and 

pharmacological applications. For this reason, there has been increased interest in research on 

the isolation and identification of these compounds [6,7]. Many plants belonging to the 

Lamiaceae family contain chemical compounds with antioxidant activity [6]. Among the 

Lamiaceae members, Origanum species are among the important and popular plants. They are 

used as an anti-diabetic, digestive, diuretic, and for respiratory problems [8]. Origanum 

sipyleum is one of the endemic species of the Origanum genus and used as a medicinal tea or 

as a food additive [9].  

Previous studies on antioxidant capacities of Origanum species were conducted [10-13]. 

There were also few studies dealing with the biological activities of O. sipyleum [8, 9, 14], but 

there were no comprehensive report that has studied the phenolic composition, antioxidant and 

cytotoxic activities of ethanol extract of O. sipyleum. Therefore, more research is required on 

the biological activities of this aromatic and medicinal plant. With these points in mind, the 

objectives of the present study are to evaluate the antioxidant capacities, the cytotoxic activity, 

the total phenolic, flavonoid and tannin contents as well as the chemical composition of the 

ethanol extracts of O. sipyleum. 

2. MATERIALS and METHODS 

2.1. Plant materials and preparation of plant extracts 

O. sipyleum. was collected in June 2017 from above the Çamlık forest, on the old Denizli-

Kızılcabölük road, in mixed 'Pinus brutia-Quercus coccifera' forest clearings, Denizli, Turkey 

The plant materials were identified and stored with voucher specimens (O. sipyleum; Herbarium 

No: No: 2017-4-92) at the private herbarium of Dr. Mehmet Cicek, a plant taxonomist from the 

Pamukkale University, Denizli, Turkey. The stem, flowers and leaves of O. sipyleum were air-

dried and milled.  The extractions were performed by mixing the sample (20 g) with 200 mL of 

ethanol and shaking at 50 oC for 6 h in a temperature controlled shaker. The extracts were 

filtered twice with filter paper and evaporated using a rotary evaporator under vacuum at 40-

50o C. The samples were lyophilized and kept at -20 oC until tested. The assays were carried 

out in three sample replications and values were represented as the average of three replicates. 

2.2. Evaluation of DPPH free radical and ABTS radical cation scavenging activity 

ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) was used for determining 

radical cation scavenging activity according to the method described by Shalaby and Shanab 

[15]. ABTS radical cation was prepared by reacting 7mM ABTS stock solution with 2.45 mM 

potassium persulfate and the mixture was held for ~16 h in a dark room. Prior to the assay, the 

ABTS solution was diluted with ethanol to an absorbance of 0.700±0.05 at 734 nm. A total of 

900 µL ABTS solution was mixed with 100µL of the extracts. The mixture was incubated at 

room temperature for 15 min. and then the absorbance of this mixture was measured. The results 

were assessed as IC50 values (concentration in μg/mL that cause 50% inhibition of the ABTS 

radicals).  

The DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) free radical was used for determining 

the free radical scavenging activity according to the procedure of Meriga et al. [16]. The 

different concentrations of the extracts (1 mL) were mixed with methanolic DPPH solution (4 

mL). After 30 minutes, the absorbance of the extracts was recorded at 517 nm. These outcomes 
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were calculated as IC50 values, that is the strength of the sample required to scavenge 50% of 

DPPH radicals. 

2.3. Determination of total antioxidant capacity by β-carotene/linoleic acid and 

Phosphomolybdenum assay 

The antioxidant capacity was evaluated using the method of Amin and Tan [17]. β-

carotene (2 mg) was dissolved in chloroform (10 mL) to prepare the stock solution and Linoleic 

acid (20 µL) and 200 µL of 100% Tween 20 was added for one milliliter of the solution. The 

chloroform was removed using a rotary evaporator and then the remaining residue was added 

to 100 mL of dH2O. This emulsion (24 mL) was mixed with the extracts (1 mg/mL). A 

spectrophotometer was immediately used to measure the initial absorbances at 470 nm. The 

reaction mixture was incubated for 2 hours at 50o C. Following this the measurement of the 

absorbance of this mixture was repeated, and a synthetic antioxidant (BHT, Butylated 

hydroxytoluene) was applied as the positive control.  

The antioxidant capacity of O. sipyleum extract was also determined using the 

phosphomolybdenum method according to that of Prieto et al. [18]. The sample preparation and 

procedure followed that given by Kaska et al. [19]. The antioxidant activity of the extracts was 

calculated using the ascorbic acid graph. 

2.4. Measurements of Ferric ion reducing power activity 

The reducing power of the O. sipyleum was estimated using the method described by 

Oyaizu [20] with slight modifications. Different concentrations of the samples (1 mL) were 

combined with 0.2-M phosphate buffer (1 mL) and 1% potassium ferricyanide (1 mL). The 

mixture was kept at 50oC for 20 min. Trichloroacetic acid (10%) was added to reaction mixture. 

The aliquot of the upper layer (1.5 mL) was combined with the same volume of the ddH2O and 

0.1% ferric chloride. After 10 min the absorbance was read, at 700 nm.   

2.5. Measurements of Metal chelating capacity 

The metal chelating assay was conducted using the method of Karpagasundari and 

Kulothungan [21] with slight modifications. The plant sample and 3.2 mL of ddH2O was mixed 

with 2 mM FeCl2 (0.1 mL) solution. After 30 s, ferrozine (5 mM) was added. By adding 

ferrozine, the reaction was activated. After approximately 10 min at room temperature, the 

absorbance of the solutions was read at 562 nm. The synthetic metal chelator (EDTA) was 

applied as the positive control. The metal chelating activity was calculated in the following 

way: 

Chelating ability (%) = [(Aco- Asamp) / Aco] × 100, 

(Aco : absorbance of the control and Asamp : absorbance of the extract or positive control, EDTA.)  

2.6. Determination of total phenolic, flavonoid and tannin contents 

The total phenolic content was ascertained according to the Folin-Ciocalteu method [22], 

the total flavonoid content of the extracts was determined using the method of Arvouet-Grand 

et al. [23] and the Tannin content was investigated using the vanillin-HCL method [24]. The 

method of Kaska et al. [19] provided the sample preparation and procedure for determining the 

total phenolic, flavonoid and tannin content. The outcomes were shown as the equivalents of 

Gallic acid (mgGAE/g), quercetin (mgQEs/g) and catechin (mgCEs/g) for phenolic, flavonoid 

and tannin content respectively. 
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2.7. Quantification of phenolic compounds by HPLC 

For the determination of the phenolic compound reversed-phase high performance liquid 

chromatography (RP-HPLC, Shimadzu Scientific Instruments) was used. The phenolic 

composition of the ethanol extract of O. sipyleum was determined according to the method of 

Caponio et al. [25] with slight modifications. The procedure followed was given by Kaska et 

al. [19]. Gallic, 3,4 dihydroxybenzoic, 4-hydroxybenzoic, 2,5 dihydroxybenzoic, chlorogenic, 

vanillic, caffeic, p-coumaric, ferulic, cinnamic acid and quercetin, epicatechin, rutin were used 

as standards and quantitative analysis was made by comparing these standards. The results were 

expressed as µg/g of each compound from the total phenolic compounds. 

2.8. Cytotoxic bioassay 

The possible cytotoxic activity of O. sipyleum, was evaluated using the Brine shrimp 

lethality bioassay [26]. The brine shrimps (Artemia salina) were hatched using A. salina eggs 

in a beher-beaker (1 L), filled with air-bubbled sterile artificial seawater (prepared using sea 

salt 38 g/L) and left to incubate under artificial light for 24-48 h at 28 ºC. The tubes containing 

ten nauplii, different concentration of extracts (1000, 500, 100, 50 and 10ppm) and brine 

solution as well as the control tubes were maintained under artificial light for 24 h at 28 ºC. The 

experiments were conducted in a set of three tubes per concentration and the controls. For each 

concentration of the extracts and the controls, the number of dead shrimps were counted and 

recorded using an overhead projector. The larvae were regarded as dead if no activity of the 

appendage was seen within 10 sec. The EPA Probit Analysis Program was used for data 

analysis.  

2.9. Statistical analysis 

The standard and the different groups were compared via t-test by using MINITAB. 

3. RESULTS and DISCUSSION 

An evaluation of the antioxidant capacity of plants cannot be conducted by a single 

standard method due to the complex structure of the compound to be analyzed. Consequently, 

a single assay could not accurately reflect the antioxidant capacities of the plants [27]. For this 

reason, several antioxidant methods (DPPH, ABTS, phosphomolybdenum, metal chelating 

activity etc.) were applied to evaluate the true antioxidant potential of the O. sipyleum. 

3.1. Radical scavenging capacity (DPPH and ABTS) 

A well-known mechanism for ascertaining the antioxidant activity of plants is through 

ABTS radical scavenging capability hydrogen donating [28]. The results of the radical 

scavenging capability were calculated to be a concentration, 50% of which was scavenged by 

ABTS (IC50). The low IC50 value shows the high radical scavenging property. The ABTS 

radical scavenging capacity of extracts from O. sipyleum is presented in Table 1 and there were 

statistically differences among the radical scavenging activity of the ethanol extract of O. 

sipyleum and BHT (t=31.47, df=11, p<0.001). 

The results of the DPPH free radical scavenging activity presented in Table 1 and the 

findings indicate that the ethanol extract of O. sipyleum exhibits radical scavenging activity. 

The DPPH radical scavenging activities for the ethanol extract determined in this study were 

higher than in methanol, water and acetone extracts and lower than in the ethanol extract from 

O. sipyleum as reported by Nakipoglu et al. [8]. The phenolic content may be attributed to the 

DPPH radical scavenging activity of O. sipyleum. Oxidative damage caused to cells by free-

radicals may potentially be mitigated by these phenolic compounds [29]. As shown in the 

present study, the ethanol extract of O. sipyleum has potent radical scavenging activities and 

findings reveal that this extract could serve as a strong radical scavenger, and due to this 
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property it could be possible to use O. sipyleum plants in pharmacological applications as 

radical inhibitors or scavengers. 

Table 1. Antioxidant properties of O.sipyleum 

Sample 

DPPH 

(IC50, µg/mL ) 

ABTS 

(IC50, µg/mL) 

β-carotene/linoleic 
acid 

(%) 

Phosphomolybdenum 

(µg/mg) 

Power reducing 
activity 

(mg/mL) 

Metal chelating 
activity  

(%) 

Ethanol 102.75 ± 1.6 a 88.64 ± 2.1 a 85.59 ± 1.2 b 62.95 ± 1.36  0.51 ± 0.08 20.68 ± 2.6 b 

BHT 31.76 ± 1.7 b 12.89 ± 1.2 b 93.46 ± 0.3 a nt nt nt 

EDTA nt nt nt nt nt 76.41 ± 0.2 a 

BHT: Standard antioxidant, nt: not tested  

*Values are mean of three replicate determinations (n=3) ± standard error. Mean values followed by different letters in a column are 

significantly different (p<0.05).  

3.2. Antioxidant activity (β-carotene/linoleic acid and Phosphomolybdenum method) 

The one of the main causes of food quality deterioration is lipid peroxidation. A 

antioxidants have the capability to delay the development of toxic oxidation, prolong the storage 

stability of foods and maintain nutritional quality and for this reason they are used in lipid 

containing foods [30, 31]. Nowadays, because of their antioxidant content numerous plants are 

regularly used as sources of nutritional additives to inhibit lipid peroxidation. Medicinal 

Lamiaceae plants with high antioxidant capacities are known to be efficient in delaying the 

process of lipid peroxidation in fatty foods [32]. In the present study, β-Carotene assay was 

used to evaluate the capability of plants regarding the inhibition of linoleic acid oxidation. The 

results demonstrate that the ethanolic extract of O. sipyleum shows strong antioxidant activity 

(Table 1). The level of antioxidant properties could be sufficient for this plant to be a natural 

source of antioxidant substances for use in the food industry as a natural additive. 

The results of the phosphomolybdenum assay presented in Table 1 indicate that ethanolic 

extract from O. sipyleum possesses antioxidant capacities. The antioxidant activity of extracts 

depended on the presence of polyphenols [33] and the powerful antioxidant activity of the 

ethanolic extract of O. sipyleum may be attributed to the presence of polyphenols. 

3.3. Metal chelating and Reducing power activity 

The metal chelating and reducing abilities of the ethanol extract from O. sipyleum were 

measured in this study and the results shown in Table 1. The results indicate that the ethanol 

extract demonstrated potential metal chelating and power reducing antioxidant capacity. 

Lipid peroxidation can be activated by metal ions starting a chain reaction bringing about 

the deterioration of food. For this reason, metal chelating capacity is critical as it decreases the 

volume of catalyzing transition metal in lipid peroxidation [34, 35]. The chelating abilities of 

the plants contribute directly to their antioxidant properties and can be considered as important 

mechanisms in the oxidation process. The metal chelating ability of O. sipyleum and EDTA 

were found to be statistically significant (t=21.03, df=7, p<0.001) (Table 1) and the ethanol 

extract of O. sipyleum is capable of chelating Fe+2 ions and the chelating agents existing in plant 

extracts have the ability to reduce the radical formation that can cause damage to living cells 

[36]. 

The reducing ability of extracts depends on the presence of polyphenols, which may act 

as reductones that exert antioxidant action by breaking the free radical chains by donating a 

hydrogen atom [37]. It has been reported that there is a correlation between total phenolic 

content and reducing power and metal chelating activity [38, 39].  
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In the present study, the reducing ability of ethanol extract from O. sipyleum was 

measured and the result of this activity demonstrated that the ethanol extract exhibited a high 

reduction ability (Table 1). The reducing power and metal chelating activities of O. sipyleum 

may be dependent on total phenolic content.  

3.4. Total phenolic, flavonoid and tannin contents 

In the present study, the total phenolic, flavonoid and tannin content in the ethanol extract 

from O. sipyleum was determined. The total phenolic, flavonoid and tannin content of ethanol 

extract were 203.57 ± 4.62 mgGAE/g, 46.98 ± 0.34 mgQE/g and 34.55 ± 0.56 mgCE/g 

respectively. The phenolic content of the ethanol extract determined in this study were lower 

than in the methanol extract from O. sipyleum as reported by Ozkan et al. [9].  

Phenolic compounds (phenolic acid, flavonoid, tannin etc.) in plants possess antioxidant 

effects and the antioxidative properties of polyphenols based on their various abilities, as in 

their high reactivity as hydrogen or electron donating agents and, their metal chelating and 

radical scavenging properties [40].  

Although, many reports indicate that besides polyphenols, nonphenolic components 

present in plants, such as ascorbates, carotenoids, and pigments contribute to the total 

antioxidative activities [41], phenolic compounds are responsible for a major part of the 

antioxidant activity of many plants [28]. Establishing the phenolic compounds of plants 

therefore plays a significant role in the identification of their medicinal properties. In the present 

study it was observed that there was high phenolic content and high antioxidant activity in the 

ethanol extract of O. sipyleum indicating that the phenolic compounds present in the extracts 

are largely responsible for antioxidant activity. 

3.5. Phenolic composition 

Lamiaceae species comprise chemical compounds with biological activities. In this work, 

phenolic compositions of ethanol extract of O. sipyleum were identified using the HPLC 

method. The phenolic compounds determined in the ethanol extract are listed in Table 2 and 

the main phenolics were identified as caffeic acid, epicatechin and 2,5 dihydroxybenzoic. 

Table 2. Phenolic components of O. sipyleum 

No Phenolic component Retention time (min) µg/g* 

1 2,5 dihydroxybenzoic acid 17.2 4435.68 

2 Chlorogenic acid 18.2 75.86 

3 3,4 dihydroxybenzoic acid 10.7 72.04 

4 4-hydroxybenzoic acid 15.7 147.27 

5 Cinnamic acid 71.1 801.74 

6 Quercetin 70.4 2591.22 

7 Ferulic acid 30.1 19.77 

8 p-Coumaric acid 26.1 68.90 

9 Gallic acid 6.8 138.14 

10 Caffeic acid 22.7 16787.16 

11 Vanilic acid 19.2 312.51 

12 Epicatechin 21.3 4653.17 

13 Rutin 45.6 50.48 

*based on dry weights 
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Caffeic acid exhibits anticarcinogenic properties that acts as a carcinogenic inhibitor [42]. 

The phenolic content that contribute to the antioxidant capacity of the plants [34]. These data 

indicated that the biological activities of O. sipyleum could be attributed to their polyphenol 

compounds. 

3.6. Cytotoxic activity 

The brine shrimp cytotoxic bioassay is considered to be useful tool for the preliminary 

assessment of general toxicity and for estimating the medium lethality concentration LC50 [26, 

43] and universally as a test for detecting cytotoxic effects. In addition, the brine shrimp 

cytotoxic bioassay is highly sensitive to a variety of chemical substances [44] and only a small 

amount of sample is required [45].  

Origanum plants from Lamiaceae family are commonly used as herbal teas, flavoring 

agents and medicinal plants due to their biological and pharmacological properties [8, 9]. O. 

sipyleum is one of the endemic species of the Origanum genus and the vegetative parts of this 

plant have been used as medicinal tea [9]. The lethality of the ethanol extract from O. sipyleum 

was 327.414 µg/mL (LC50 < 1000 µg/mL), possessed high cytotoxic activities against brine 

shrimp and accepted as bioactive due to lower LC50. To date, various studies have been reported 

that Lamiaceae plants provide a rich source of phytochemical components which are considered 

to be the basis of various biological activities, including antioxidant, antibacterial, anthelmintic 

and cytotoxic activity [6, 9, 19, 46, 47]. Accordingly, it could be attributed that the presence of 

these active components are the basis of the cytotoxic activity. The deadly effect obtained from 

present study indicates the presence of potent cytotoxic components in this plant and is one that 

requires further investigation as according to the findings this plant extract possesses a cytotoxic 

effect. 

4. CONCLUSION 

The findings in the present work show that in different assays O. sipyleum possess 

antioxidant properties and they also show that the plant possesses rich phenolic, flavonoid and 

tannin compounds. Furthermore, the ethanol extract show LC50 values of less than 1000 µg/mL 

and this result indicates that ethanol extract of this plant possesses strong cytotoxic activity. 

According to these findings, this plant could be considered as a source of natural agents in the 

food industry and could be used as a new cytotoxic agent for pharmacological applications. 

However, further research would be required before such uses could be proposed with 

confidence. 
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