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ABSTRACT 

 

Hymenocrater is an important genus of Lamiaceae family. Hymenocrater calycinus (Boiss) is one of species in 

this genus and this plant is endemic to Iran and it is growing wildly in the north east of Iran. In this study, 

antioxidant activities of dichloromethane, methanol and ethyl acetate extracts of Hymenocrater calycinus 

(Boiss.) Benth were evaluated with 2, 2ʹ-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and ferric 

reducing antioxidant power tests. Methanol extract gave the highest extraction yields. Total phenolic and 

flavonoid content of methanol extract was more than ethyl acetate and dichloromethane extracts. The strong 

antioxidant index (AI) was observed from the methanol extract in both DPPH and FRAP method and 

antioxidant activity of all of extracts were lower than the vitamin C and butylated hydroxytoluene (BHT). 

Reducing power of the extracts increased by increasing their concentration. A good Correlation was found 

between the antioxidant activity and total phenolic content R
2
 = 0.915, 0.912 and also in the antioxidant and 

total flavonoid content R2 = 0.950, 0.948 (both of DPPH and FRAP methods). The results indicated the aerial 

parts of this plant are a potential source of natural antioxidants, phenolic and flavonoids. 
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1. INTRODUCTION 

 
  Antioxidants have been widely used as food additives to provide protection against free radicals, and the 

side effects of synthetic antioxidants such as butylated hydroxytoluene (BHT) have been documented [1]. Plant 

antioxidants can protect the body from free radical [2] and there are many published studies reporting the 

antioxidant activities of plants. Plant extracts used as antioxidants by hydrogen-donating properties with their 

hydroxyl groups and by electrons -donating to stop free radical chain reactions [3].  

Hymenocrater is an important genus of Lamiaceae family and named Gol-e-Arvaneh in Persian. it is 

observed in Iran, Iraq, Pakistan and Afghanistan, and nine of them reported in Iran [4, 5] and four species 

including H. longiflorus, H. calycinus, H. yazdianus, and H. incanus are endemic to Iran and they are found in 

north-east of Iran [6]. H. calycinus (Boiss.) Benth is endemic to Iran and it is growing wildly in the north east of 

Iran [5]. Hymenocrater genus has been previously investigated such as identification of essential oils 

compounds [7] and anti-microbial effects [8]. 

From the extracts of Hymenocrater calycinus, four compounds such as ß-sitosterol, ursolic acid, quercetin-

3-O- rutinoside and rosmarinic acid were isolated [9]. The main compounds of Hymenocrater longiflorus Benth 

were: α- Pinene ,β-Caryophyllene , β- Eudesmol , α-Copaene ,γ-Elemene , δ-Cadinene  [10]. 

The present study describes phytichemical investigation and antioxidant activity of various extracts of H. 

calycinus (Boiss.) Benth that is endemic to Iran. 

 

2. MATERIALS AND METHODS 

 

2.1. Chemicals and reagents 

Methanol (CHROMASOLV, ≥99.9%, Sigma–Aldrich), Folin-Ciocalteau reagent (F9252, Sigma–

Aldrich), Na2CO3(451614,anhydrous powder, 99.999%, Sigma–Aldrich), Gallic acid(91215, Fluka), Aluminum 

Chloride (563919, anhydrous powder,99.999%, Sigma–Aldrich), 2,2-diphenyl-1-picrylhydrazyl 

(257621,Sigma–Aldrich), Quercetin (Q4951, ≥95%, Sigma–Aldrich),vitamin C (A1300000, European 

Pharmacopoeia (EP) Ref-erence Standard, Fluka), Butylated Hydroxy Toluene (BHT)(W218405 ≤ 99, Sigma–

Aldrich), 2,4,6-tripyridyl-s-triazine (TPTZ)(T1253 for spectrophotometric, ≥98%, Sigma), FeSO4.7H2O 

(21542,≥99.0%, Sigma–Aldrich) 
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2.2. Preparation of H. calycinus (Boiss.) Benth 

The aerial parts of H. calycinus (Boiss.) Benth were collected from Bojnurd, North Khorasan province of 

Iran in Jun 2014. The plant was identified from the Research Center of Natural Products Health Herbarium and 

the Voucher specimen (No. 36.3.2.) was deposited in the Herbarium of North Khorasan University of Medical 

Sciences.  

2.3. Preparation of the extracts   

100 g of dried plant was macerated in methanol, dichloromethane, and ethyl acetate for 48 h separately 

and solvent was evaporated under vacuum at 40◦C [11].  

 

2.4. Phytochemical analysis  

In order to test the presence of flavonoids, concentrated methanol extract (1 g) was dissolved in 10 ml of 

water. And then magnesium powder (100 mg) was added to 2–3 ml of the solution and then, 0.5 ml of HCl was 

added to the mixture. The presence of flavonoids is characterized by the formation of a pale pink to red colour 

within 2 min [12].  

 

2.4.1. Test for phenol 

2 ml of extract added to 2 ml of methanol and ferric chloride solution and its color observed [13]. 

 

2.4.2. Test for saponin 

Methanol extract (1 g) was diluted with 10 ml distilled water in a test tube, after shaking for 2 min, the 

presence of saponins was confirmed by the formation of froth which is stable for at least 30 min. The height of 

the stable froth is proportional to the saponin content of extract [14]. 

 

2.4.3. Test for tannin 

 The presence of tannins was evaluated by dissolving methanol extract (1 g) in 10 ml distilled water and 

then the solution was divided into 2 portions. NaCl 10% and aqueous gelatin 1% solutions were added to the 

first and second parts. The presence of tannins was observed by produce of sediment in the gelatin containing 

tube or both tubes. As a confirmation test, one drop of extract was placed on a paper and sprayed with 5% ferric 

chloride solution. Formation of blue or dark green spots is indicative of the presence of tannins [15]. 

 

2.5. Determination of total phenolic content 

Total phenol content of Hymenocrater calycinus was determined by Folin-Ciocalteu test. 100 µL from the 

extracts were added with 500 µL of Folin–Ciocalteu reagent and 20% Na2CO3 (1.5 mL) and the mixtures were 

shaken. After 2 h, the absorbance of samples was read at 760 nm. The gallic acid calibration curve was plotting 

by 5 to 500 mg/mL of gallic acid and total phenol content expressed as milligrams of gallic acid (GAE) per 

gram of extract [16].  

 

2.6. Determination of total flavonoid content 
0.5 mL from each extract were mixed with0.1 mL of 10% aluminum chloride and 1.5 mL of methanol, 0.1 

mL of  potassium acetate (1 M ) and 2.8 mL of distilled water and then they were incubated at room temperature 

for 30 min and then the absorbance of them was measured at 415 nm. The calibration curve was prepared using 

12.5–100 µg/mL of Quercetin in methanol and the flavonoid content was expressed in terms of Quercetin per 

dry weight of extract [17].  

 

2.7. DPPH radical scavenging assay 

The antioxidant activity of the extracts was measured in terms of hydrogen donating or radical scavenging 

ability [18]. 0.1 mM of DPPH was prepared in methanol. Extracts were dissolved in methanol to several 

concentrations (8, 4, 2, 1, 0.5, 0.25 mg/mL) and 0.1 mL of the extracts and 3.9 mL of DPPH solution were 

mixed and were kept in darkness for 30 min and the absorbance was read at 517 nm. The experiment was done 

in triplicate. The percentage of radical scavenging activity was calculated from this equation: % DPPH radical 

scavenging = [(Absorbance of blank − Absorbance of Sample)/ (Absorbance of blank)] × 100. Methanol was 

used as blank, ascorbic acid and butylated hydroxyl toluene (BHT) used as positive controls. Absorbance 

Inhibitor (AI) was calculated as IC50values were calculated using Biodatafit online software [19]. 

 

2.8. Ferric reducing antioxidant power (FRAP) assay 
The FRAP reagent was made from a mixture of acetate buffer (0.3 M) with pH =3.6, 2, 4, 6-tripyridyl-S-

triazine (TPTZ) 10 mmol/L in HCl (40 mmol/L) and ferric chloride (20 mmol/L) (10:1:1, v/v/v). 100 µL of 

extracts were mixed with 3 mL of FRAP reagent and samples were incubated at 37◦C for 10 min. After 

incubation, the absorbance of samples was readed at 593 nm. The standard curve of ferric sulphate (FeSO4 

.7H2O) (0–1 mM) was made.The results of samples were expressed in mmol Fe2+/g of dried extract [20].  
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3. RESULTS AND DISCUSSION 

 

3.1. Extraction yields 
The yield of extraction was depending on temperature of extraction, the kind of solvents and time. In the 

present study the obtained extraction yields for the different solvents (Table 1) stratified in the following order: 

methanol>ethyl acetate > dichloromethane extracts. 

The presence of saponins, flavonoids, and tannins in the methanol extract of H. calycinus was investigated 

and the presence of flavonoid and absence of saponins and tannins were recorded.   

 

3.2. Total phenol and flavonoid contents 

The phenolic compounds act as reducing agents and antioxidants because they intercept chain oxidation 

reactions by give of a hydrogen atom or chelating metals [21]. Total phenolic content of extracts was done with 

Folin-Ciocalteu test. Standard curve for total phenolic contents was drawn and the regression equation was: y = 

0.003 x + 0.061(R
2
= 0.985). The phenolic content of extracts is shown in Table 1. Phenolic content in the 

extracts was in the range of 114 to 140 mg gallic acid equivalent (GAE)/g of extract and total flavonoid contents 

were obtained from the equation: y = 0.004 x + 0.006 (R2= 0.996), the amount of flavonoid ranged from 42.25 

to 76.75 mg/g of extract and the results are given in Table 1. As shown in table 1, the extraction solvents 

affected the amount of phenolic and flavonoid compounds and methanol solvent was found to be more efficient 

in the extraction of flavonoid and phenolic compounds. Our results are in agreement with other results that 

reported methanol solvent was more efficient for extracting total phenolic [22, 23]. 

 

3.3. Antioxidant activity of extracts 

The antioxidant activities of five concentrations (0.5, 1, 2, 4, 8 mg/mL) of the extracts were measured with 

DPPH test. This method is a valid and easy method to evaluate the antioxidant activity. The radical scavenging 

effects of the extracts were depended on concentration (Fig 1).  

In accordance with the DPPH scavenging ability of the extracts, IC50 values increased in the following 

order: ascorbic acid <BHT < methanol extract< ethylacetate extract < dichloromethane extract (Table 1). 

Results of the measurement of the total antioxidant activity of the extracts with the FRAP method are presented 

in Table 1.. The reducing power of the extracts in FRAP method demonstrates their ability for donating electron. 

The ferric reducing antioxidant ability increased in the following order of ascorbic acid < methanol extract < 

ethyl acetate extract < dichloromethane extract < BHT (Table 1). Methanol extract has the highest amount of 

phenol and flavonoids and this extract showed the strongest ferric reducing antioxidant ability. As shown in 

figure 2 and 3, a good correlation was found between the antioxidant activity and total phenolic content in 

DPPH and FRAP assays (R
2
 = 0.915, 0.912), also there is a good correlation between the antioxidant and total 

flavonoid content R
2
 = 0.950, 0.948 (DPPH and FRAP method). 

 

Table 1. Extraction yield, total phenolic, total flavonoid content and antioxidant properties of Dichloromethane, 

Ethyl acetate and Methanol extracts from H. calycinus (Boiss.) Benth 

 

 

 

 

 

 

 

 

 

 

 

Extracts  

 

Extraction 

yield (%) 

Total phenolic (Gallic acid 

equivalents mg/g of dry 

extract) 

Total flavonoid (quercetin 

equivalents mg/g of dry 

extract) 

IC50 

(mg/mL) 

FRAP value 

(µmolFe
2+/

g dry 

extract 

Dichloromethane 0.9% 114±0.029 42.25±0.005 4.36 696±0.035 

Ethyl acetate 1.49 131±0.017 67±0.013 1.31 1750±0.059 

Methanol 12.425% 140±0.035 76.75±0.057 1.12 1810±0.066 

BHT    0.59 550±0.026 

Ascorbic acid    0.17 2100±0.0107 
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Fig. 1 – Scavenging activity against DPPH radicals 

 

 
Fig .2- The effect of phenolic and flavonoid content on the free radical scavenging assay 

 

 
Figure .3- The effect of phenolic and flavonoid content on the FRAP assay 
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4. Conclusion 

This work showed the extracts of aerial parts of H. calycinus (Boiss.) can use as a source of antioxidants. 

This work showed that the extraction yield, total phenolic content and antioxidant ability were depending on the 

type of solvent.  
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