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Abstract 
MTT colorimetric cytotoxic bioassay, solvent fractionation and chromatographic purification of an 80% methanol extract of Salvia 

dracocephaloides, led to isolation and identification of eight compounds, including 5-hydroxy-3,6,7,3ʹ,4ʹ-pentamethoxyflavone (1), 

cynaroside (2), salvigenin (3), eupatorin (4), cirsimaritin (5), β-sitosterol (6), oleanolic acid (7), and ursolic acid (8). The structures of 

the compounds were characterized using spectroscopic analyses including HRESI-MS, 1H and 13C-NMR and comparison with those 

previously reported in the literature. The biological activities of 1 and 2, including their cytotoxicity against MCF-7 human breast cancer 

cell line and DPPH free radicals scavenging effect were studied in vitro. Compound 1 showed stronger cytotoxicity; IC50 of 7.2 µg/mL 

compared to that obtained for 2; IC50 of 15.5 µg/mL. While, compound 2, with 3ʹ,4ʹ dihydroquinol functionality, displayed higher DPPH 

radical inhibitory activity with an IC50 of 10.7 µg/mL compared to that measured for 1; 48.8 µg/mL.  
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1 Introduction1 
Salvia L. (Sage) is one of the greatest genus of the perennial 

and annual plants among the family Lamiaceae and distributed 

around the world. The genus Salvia or “Maryam-Goli” in 

Persian includes 62-reported species in Iran which 17 of them 

are endemic and wildly grown in different parts of Iran [1, 2, 

3]. Sages are rich in various specialized metabolites including 

terpenoids, sterols, phenolics including flavonoids, lignans, and 

phenylpropanoids [4, 5]. Salvia species are used in the folk 

medicine in different parts of the world. For instance, S. 

miltiorrihza; red sage, Danshen, S. officinalis; sage, and S. 

sclarea; clary sage are the most common species worldwide 

and S. hydrangea, S. macrosiphon, and S. mirzayanii are the 

Iranian ehtnopharmacologically important ones [6]. In addition 

to their use in folk medicine sage plants produce metabolites 

with various biological activities such as antioxidant, 

antibacterial, antiviral, antifungal, antileishmanial, 

antimalarial, antispasmodic, anti-inflammatory, anti-diabetic, 

cytotoxic, and insecticidal activities [4, 5, 7]. 

As our ongoing research on the Iranian sages for their 

anticancer metabolites, we have subjected S. dracocephaloides 

to phytochemical analyses. S. dracocephaloides known as 

“Maryam-Goli Tamashaei” in Persian is a shrubby perennial 

herb 25 to 40 cm tall, with small purple flowers which grows 

in rocky and mountainous regions of Caucasus and Iran [2]. 

The synonymous relationship between S. hydrangea and S. 

dracocephaloides has been ruled out by their phenotypic 

differences and various essential oils composition [2, 8]. The 

major constituents of the oil of S. dracocephaloides are 

camphor, 1,8-cineole, and camphene [9], while those detected 

in the oil of S. hydrangea were detected as α- and β-pinene, p-
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cymene, linalool, and the sesquiterpenes; β-caryophyllene and 

spathulenol [10]. Except the antioxidant potential, expressed as 

DPPH radical scavenging activity of aqueous methanol extract 

of S. dracocephaloides, there were no other report on the 

chemical properties of the plant in the literature [9]. 

Hence, the main objective of the present study is the 

isolation and structure elucidation of the phytochemicals 

followed by reporting the cytotoxic activities of various 

extracts and the unexplored isolated phytochemicals. To the 

best of our knowledge this is the first report of Salvia 

dracocephaloides compounds including 5-hydroxy-3,6,7,3ʹ,4ʹ-

pentamethoxyflavone; 1 [11], cynaroside; 2 [12], salvigenin; 3 

[13], eupatorin; 4 [14], cirsimaritin; 5 [13], β-sitosterol; 6 [15], 

oleanolic acid; 7, and ursolic acid; 8 [16] in the cytotoxic 

chloroform soluble fraction of the 80% methanol extract 

(Figure 1). 

 

2 Materials and Methods 
2.1. General Experimental Procedures 

All organic solvents including n-hexane, dichloromethane 

(DMC), chloroform (CHCl3), ethyl acetate (EtOAc), acetone, 

n-butanol (n-BuOH), methanol (MeOH), were commercially 

purchased and applied without any further purification. TLC 

sheets (20 × 20 cm; pre-coated silica gel 60 F254; Merck, 

Germany) along with silica gel (70-230 and 230-400 mesh; 

Merck, Germany) were used for analytical TLC and column 

chromatography, respectively. TLC spots were detected using 

anisaldehyde/sulphuric acid reagent followed by heating. HR-

ESIMS was recorded on MicrOTOF-Q II mass spectrometer 

equipped with an ESI source (Bruker Daltonik, Bremen, 

Germany).  
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Figure 1: Chemical structures of isolated compounds, 1–8, from S. dracocephaloides Boiss 

 

1D and 2D NMR spectra were performed on a Bruker 

Biospin GmbH spectrometer (1H at 300 MHz and 13C at 75 

MHz, 1H at 400 MHz and 13C at 100 MHz and 1H at 500 MHz 

and 13C at 125 MHz). All NMR chemical shifts were expressed 

in ppm related to TMS signal at 0.00 ppm as internal reference. 

 

2.2 Plant Materials 

The aerial parts of Salvia dracocephaloides Boiss. were 

collected in the flowering season (June 2017) from Marand to 

Jolfa road (GPS, 38˚44´N/45˚36´E, at an altitude of 1300 m), 

East Azerbaijan Province, Iran and botanically characterized by 

Mr. Mehdi Zare and Dr. Mojtaba Assadollahi, the plant 

taxonomists in Medicinal and Natural Products Chemistry 

Research Center (MNCRC). A voucher specimen; No. PC-96-

3-8-28.1, of the plant was deposited at the Herbarium MNCRC. 

 

2.3 Extraction procedure 

The air-dried powder of S. dracocephaloides aerial parts 

(300 g) was extracted in methanol water (8:2) solvent using 

maceration method for 48 h (3 × 2L). After evaporation of the 

solvent by rotary evaporator, the crude extract (71.68 g) was 

partitioned in water (1L) and organic solvents (3 × 1L) in the 

order of increasing polarity; n-hexane, chloroform, ethyl 

acetate, and n-butanol. All of the organic layers and the 

remaining water fraction were concentrated under reduced 

pressure and stored in refrigerator at -20 ˚C for further 

phytochemical and biological studies. 

 

2.4 Purification of the phytochemicals  

The CHCl3 and n-hexane fractions showed the highest 

cytotoxic activity against MOLT-4 cell line (Table 1). 

Therefore, the former fraction was chosen for further 

purification of its constituents, while the latter one was found 

to be out of interest due to the presence of high levels of fatty 

acids, waxes, carotenoids, and chlorophylls detected on TLC 

sheet. An aliquot of the CHCl3 fraction (5 g) was subjected to 

silica gel open column chromatography (CC; 35 × 5 cm; 250 

g), eluted with n-hexane followed by increasing the polarity to 

pure EtOAc and then to EtOAc:MeOH (50:50, v/v). The 

resulting CC fractions were analyzed by TLC using different 

mobile phase (n-Hex:EtOAc 3:7 and EtOAc:MeOH 9:1) and 

visualizing with anisaldehyde/sulphuric acid reagent followed 

by heating on a hot plate. The similar CCʹs fractions on TLC 

were mixed to afford 12 fractions (Fr. A-L). The well separated 

fractions on analytical TLCs were selected for further 

purification using preparative chromatography. Thus, Fr. B 

(290.1 mg) was loaded onto silica gel flash column 

chromatography (FCC; 230-400 mesh) eluting with a mixture 

of n-hexane/EtOAc (90:10), which resulted in six sub-

fractions; SFr. B1-B6. Compound 6 (43.1 mg) was crystalized 

from MeOH in SFr. B3 while Fr. D (336.7 mg) was further 

purified by silica gel-FCC eluting with CHCl3:acetone (95:5) 

to yield nine sub-fractions: SFr. D1-D9. SFr. D4-D6 were pooled 

and re-chromatographed over silica gel FCC using the mobile 

phase of CHCl3:Et2O; 85:15 to 70:30 to afford compound 7 

(39.4 mg). Fr. E (407.6 mg) was triturated using acetone, which 

is caused to the formation of a white precipitate; compound 8 

(61.7 mg). The UV quenching spots on TLC plate were 

detected for the flavonoids compounds in Fr. F-H. Therefore, 

Fr. F (279.0 mg) was fractionated by FCC silica gel, and eluted 

with DCM/acetone (90:10) to give six sub-fractions (SFr. F1-

F6). Compound 1 was purified as a yellow powder (10.3 mg) 

upon triturating SFr. F4 with EtOAc. On the other hand, Fr. G 

(173.5 mg) was subjected to a silica gel FCC and eluted with 

CHCl3/MeOH by increasing the polarity to give five sub-

fractions. The third sub-fraction was subjected to CC and 

isocratically washed with CHCl3/MeOH yielding the 

compound 3 (4.8 mg). Compounds 4 (7.6 mg) and 5 (3.9 mg) 

were purified from Fr. H using silica gel-preparative thin layer 

chromatography (PTLC). Eventually, Fr. K (419.3 mg) was 

fractionated by silica gel FCC, eluting with gradient of 

DCM/MeOH; 95;5 to 60:40), resulting eight sub-fractions 

(SFr. K1-K8). Amongst, the yellowish sediments of compound 

2 (41.6 mg) were yielded from the SFr. K6,7 using EtOAc 

trituration, washing, and filtration procedures.  

 

2.5 Cytotoxic activity 

The in vitro cytotoxic activity of the extracts and purified 

compounds (1 and 2) were examined against MOLT-4 human 

lymphoblastic leukemia and MCF-7 human breast 

adenocarcinoma cell lines, respectively, using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

reduction assay [6, 17]. MCF-7 cells were obtained from 

Iranian Biological Resource Center, Tehran, Iran, while 

MOLT-4 cells were purchased from National Cell Bank of Iran, 

Pasteur Institute, Tehran, Iran. The cells were seeded into 96-

well microplates and incubated overnight at 37 °C. Three to 

four different concentrations of plant extracts or isolated 

compounds were added in triplicate and incubated for another 

72 h. The concentration of DMSO in each well did not exceed 

0.25%. At the end of the incubation time, the media in each 

well was replaced with 0.5 mg/mL MTT dissolved in RPMI 

without phenol red. After 4 hours at 37 °C DMSO was added 

to solubilize the formazan crystals formed inside the viable 
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cells. The optical density of the final solution was measured at 

570 nm using a Bio-Tek microplate reader (Model Synergy 

HTX). The cell viability was calculated compared to untreated 

control cells by comparison of absorbance measurements. IC50 

values for each compound was calculated using CurveExpert 

software version 1.34 for Windows. Each experiment was 

repeated 3 to 5 times. Paclitaxel, a standard chemotherapeutic 

agent, was used as a positive control.  

 

2.6 DPPH radical scavenging activity 

The in vitro antioxidant activity of compounds 1 and 2 was 

determined calorimetrically by assaying for DPPH (2,2-

diphenyl-1-picrylhydrazyl) radical scavenging activity [7]. 

Briefly, the plant extracts or isolated compounds were diluted 

in methanol at five concentrations (78-1250 μg.mL-1). Five 

microliters of each concentration were added to 195 μL of 

DPPH solution (100 μM concentration in MeOH). The 

microplate was shaken at room temperature in the dark place. 

After 30 min, the absorbance was measured at 517 nm using a 

Bio-Tek microplate reader (Model Synergy HTX). IC50 values 

for each components was calculated using CurveExpert 

software version 1.34 for Windows. Each experiment was 

repeated 3 times. Quercetin, a pentahydroxy-flavonol, was used 

as the positive control.  

 

3 Results and Discussion 
Methanol-water (80:20) extract of the aerial parts of S. 

dracocephaloides after evaporation of its methanol was 

partitioned between solvents with different polarities; n-

hexane, chloroform, ethyl acetate, and n-butanol. The resulting 

fractions were evaluated for their cytotoxic effects against 

MOLT-4 human leukemia cell line as well as DPPH radical 

scavenging activity. The active chloroform layer was subjected 

to column chromatography over normal phase silica gel. 

Consequently, eight reported compounds (1-8) were isolated 

and characterized (Figure 1). The chemical structures of the 

isolated compounds 3-8 were elucidated based on comparison 

of their physical constants such as co-TLC with the reference 

substances that has been simultaneously isolated from S. 

russellii in our laboratory and their structures were elucidated 

by 1H and 13C NMR Spectroscopy. Meanwhile, the chemical 

structures of 1 and 2 were identified as 5-hydroxy-3,6,7,3ʹ,4ʹ-

pentamethoxyflavone and cynaroside (luteolin-7-O-β-D-

glucopyranoside) based on the 1H and 13C NMR spectral data, 

respectively [11, 12]. The later compound showed a vast 

variety of biological activities such as antimalarial, 

antileishmanial, cytotoxicity, anti-inflammatory and 

antioxidant activity [18, 19, 20], while the former (1) has been 

isolated from the leaves of Vitex negundo acting as anti-allergic 

constituent [21]. Most of the Polymethoxyflavones (PMFs) 

have been reported form the Citrus species, from leaves of 

Murraya spp. (Rutaceae), Kaempferia spp. (Zingiberaceae), 

and Piper spp. (Piperaceae) [22]. Despite the presence of 

5,6,7,8-tetra-oxygeneted flavones among the plants of 

Lamiaceae family only a few species including Thymus, Salvia, 

Vitex, and Ocimum appear to accumulate ploymethoxylated 

flavones [21, 23, 24].  

According to the literature survey, Walle reported that the 

most cytotoxic active flavones are those ones bearing the 

methoxy groups and concluded that the glycosylation is a 

crucial effect resulting to be inactive agent on the biological 

activity [25]. The cytotoxicity against MCF-7 cell lines of 

compound 1 and quercetin are the highest among the tested 

compounds followed by compound 2, respectively (Table 1). 

This is in agreement with the extensive research on the 

cytotoxicity of PMFs. The higher activity is attributed to the 

presence of hydroxy group at position C-5 of the PMFs, since 

5-hydroxy PMFs exhibited stronger anticancer activity when 

tested against the colon cancer cells compared to the respective 

5-methoxylated derivatives [26]. Salvigenin, eupatorin, and 

cirsimaritin were isolated from Centaurea kilaea (Asteraceae) 

in a bioassay-guided purification procedure against two 

cancerous cell lines; MCF-7 and PC-3; a prostate 

adenocarcinoma cell line. Only the two later compounds 

showed potent cytotoxic effect against PC-3 [27, 28]. Quercetin 

alone or in combination with topotecan showed significant 

cytotoxicity against the MCF-7 cell lines [29]. While 

cynaroside showed weak cytotoxic effect against the breast 

cancer cell line [30]. Literature survey confirmed that 

polymethoxylated flavonoids like nobiletin, tangeretin, 

sinensetin, and 5-demethyltangeretin (found in Citrus spp.) 

play a key role in anticancer and anti-inflammatory activity [21, 

22, 31], as we found for compound 1. In addition, the cytotoxic 

activities of compounds 6-8 have also been previously 

examined by other investigators against MCF-7 cell line [32, 

33, 34]. The radical scavenging activity of quercetin is higher 

than those measured for compound 1 and 2 as the following 

descending order of IC50s: quercetin (5.3 µg.mL‒1) > 

cynaroside; 2 (10.7 µg.mL‒1) > 5-hydroxy-3,6,7,3ʹ,4ʹ-

pentamethoxyflavone; 1 (48.8 µg.mL‒1). Previously, it was 

reported that glycosylation or methylation of the hydroxy 

groups decreases the antioxidant activity of flavonoids while 

the free hydroxy groups together with 3ʹ,4ʹ dihydroquinol 

functionality increase it dramatically (supplementary data) [35, 

36]. 

 

Table 1: Cytotoxic and antioxidant activities of various fractions and pure flavonoids isolated from S. dracocephaloides Boiss. 

Materials 
Weight of the 

extract (g) 

Cytotoxic activity IC50 (µg/mL)a 
Antioxidant activity IC50 

(µg/mL)a 

MOLT-4 cells MCF-7 cells DPPH• radicals 

Aqueous methanol extract 73.68 35.5 ± 12.2 NAb 47.36 ± 1.89 

n-Hexane fraction 15.35 24.6 ± 8.0 NA NA 

CHCl3 fraction 7.26 25.8 ± 6.5 NA 35.76 ± 4.29 

EtOAc fraction 6.73 31.7 ± 6.9 NA 57.91 ± 2.81 

n-BuOH fraction 14.32 35.3 ± 16.6 NA 76.63 ± 5.62 

Aqueous fraction 25.61 NA NA NA 

5-hydroxy-3,6,7,3ʹ,4ʹ-

pentamethoxy flavone (1) 
- NTc 7.22 ± 2.95 48.82 ± 3.43 

Cynaroside (2) - NT 15.48 ± 2.04 10.74 ± 2.78 

Quercetin (µg/ml) - NT 7.16 ± 1.35 5.29 ± 2.36 

Paclitaxel (ng/ml) - 2.4 ± 0.7 2.49 ± 0.57 - 
aThe data are presented as mean ± S.D. of at least three independent experiments. bNA: Not active. cNT: Not tested. Paclitaxel and quercetin were tested 

as reference agents.  
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4 Conclusion 
To the best of our knowledge, this is the first report of non-

volatile phytochemicals in S. dracocephaloides resulting in 

identification of one PMF (1), further four flavones (2-5), β-

sitosterol and two triterpenoids (6-8). Compound 1 present a 

rare flavone in Salvia species with five methoxy groups, so far 

reported in the plants of the Lamiaceae family. Phytochemical 

investigations on Salvia species revealed that the natural 

occurrence of 3-methoxy flavones (flavonol-3-methyl-ether) is 

rare with the expectation of a few compounds including, 

isokaempferide, kumatakenin, quercetin 3-methyl ether, 

ayanin, and retusin previously reported [37]. Taken together, 

the polymethoxyflavones and flavonols could be considered as 

the chemotaxonomic markers for S. dracocephaloides". 

Likewise, compound 1 acted as a potent cytotoxic agent while 

weakly scavenged the free stable radicals of DPPH that showed 

the activities are not follow the same mechanisms of action.  
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