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Abstract: Most species of genus Artemisia L. (Compositae) are medicinal herbswith several uses in the folk medicine worldwide. In the 

present study, methanol extract of Artemisia santolina has been subjected for isolation of its metabolites along with evaluation of cytotoxic 

activity against Artemia salina larvae. The structures of the compounds determined by 1H-and 13C-NMR, HMQC, HMBC, 1H-1H COSY 

and Mass spectral analysis. Two sesquiterpenes, 1,5-dihydroxy- 4(15)eudesman-12,6-olid (artemin) (1), 2-hidroxy-2,6,10-trimethyl-7,10-

oxide-3,11-dodecadien-5-one (2) and one flavonoid, 5,7,4'-trihydroxy-6,3'-dimethoxyflavone (jaceosidin) (3) have been successfully 

characterized. Cytotoxicity of the sesquiterpene lactone (1), was assessed on Artemia salina larvae and resulted in IC50 value of 6.44 

µg/mL, which was more potent compared to the positive standard berberine hydrochloride (IC50 = 26 µg/mL). In this study, the separation 
and identification of two sesquiterpenes and one flavone from the aerial parts of A. santolina is described. Among them the compound 

artemin (1) showed a toxicity effect against A. salina nauplii. 
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Resumen: La mayoría de las especies del género Artemisia L. (Compositae) son hierbas medicinales con varios usos en la medicina popular 

en todo el mundo. En el presente estudio, el extracto metanólico de Artemisia santolina ha sido sometido al aislamiento de sus metabolitos 

junto con la evaluación de la actividad citotóxica contra las larvas de Artemia salina. Las estructuras de los compuestos se determinaron 
mediante RMN 1H y 13C, HMQC, HMBC, 1H-1H COZY y análisis espectral de masas. Dos sesquiterpenos, 1,5-dihidroxi-4 (15) eudesman-

12,6-olid (artemin) (1), 2-hidroxi-2,6,10-trimetil-7,10-óxido-3,11-dodecadien-5-ona (2) y un flavonoide, 5,7,4'-trihidroxi-6,3'-

dimetoxiflavona (jaceosidina) (3). Se evaluó la citotoxicidad de la lactona sesquiterpénica (1) en larvas de Artemia salina y resultó en un 

valor de CI50 de 6,44 μg/ml, que era más potente en comparación con el clorhidrato de berberina estándar positivo (CI50 = 26 μg/ml). En este 

estudio se describe la separación e identificación de dos sesquiterpenos y una flavona de las partes aéreas de A. santolina. Entre ellos, el 

compuesto artemin (1) mostró un efecto de toxicidad contra los nauplios de A. salina. 
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INTRODUCTION 
Artemisia L., containing large and heterogenous 

plants, is one of the largest and most widely genus of 

the Asteraceae (Compositae) family. This genus is 

numbering over 400 species distributed mainly in the 

temperate zone of Europe, Asia and North Amarica 

(Mozafarian, 1996). There are 34 species of this 

genus growing wildly in different parts of Iran, of 

which two species are endemic (Mirhydar, 1995; 

Zargari, 1997). 

According to the literature, over 260 

Artemisia species have been investigated to reveal 

that they contain many classes of secondary 

metabolites including terpenoids, flavonoids, cou-

marins, glycosides, sterols, and polyacetylenes 

(Juteau et al., 2002; Yu et al., 2003). Different 

species of Artemisia have a wide range of biological 

effects including antimalarial, cytotoxic, 

antibacterial, antifungal, antioxidant (Tan et al., 

1998; Rustaiyan & Masoudi, 2011), carminative, 

antipyretic, antiparasitic, anthelmintic, antiseptic, 

antispasmodic, antimicrobial, anti-inflammatory, 

appetite-stimulating, digestive, funguicidal, 

emmenagogue, stomachic, vermifuge, vulnerary, and 

hypnotic activity (Aniya et al., 2000). 

Literature review revealed that Artemisia 

extracts especially dichloromethane extracts of A. 

santolina Schrenk showed anti proliferative effects 

on malignant cell lines. Artemisia has been also 

considered as a promising chemotherapeutic agent in 

cancer treatment (Zamanai et al., 2011). 

On the other hands, ethanol extract of A 

.santolina with IC50: 80 μg/ml exhibited potent 

antileishmanial activity after 24 hrs of incubation 

(Emami et al., 2012). 

To the best of our knowledge, there is no 

report on phytochemical investigation of this species 

except chemical constituents of the essential oil 

(Rustaiyan et al., 2000; Nezhadali et al., 2010). For 

this reason, we aimed to isolate and identify the main 

compounds of the methanolic extract of A. Santolina 

which grows widely in the Eastern parts of Iran.  

 

MATERIAL AND METHODS 

Reagents and instruments 
All the chemicals and solvents were purchased from 

Merck Company. Column chromatography was 

performed on Merck silica gel 60A (particle size 230-

400 mesh). Preparative TLC was carried out on 

Merck Silica gel 60 GF254 plates. Fractions were 

monitored by TLC (Merck pre-coated silica gel 60 

F254 aluminum plates) and compound visualized using 

vanillin/sulfuric acid reagent. All solvents were pre-

distillated. NMR spectra were recorded at 25º C using 

the instrument Bruker Avance 500 MHz spectrometer 

in chloroform-d (CDCl3) and acetone, using TMS as 

internal standard.  

 

The plant material 
Aerial parts of the A. Santolina were collected from 

natural provenance in the Birjand, Khorasan province 

of Iran in September 2003. The plant was identified 

by Dr. Mozafarian, Valiallah. A voucher specimen 

was deposited in herbarium of Dr. Zargari, Mashhad 

Faculty of Pharmacy, Mashhad, Iran. The plant 

material was air-dried in a dark place and stored in a 

sealed plastic bag in a dry, dark and cool place until 

used. 

  

Extraction of the plant 
About 400 g of milled aerial parts of the plant A. 

santolina were defatted with shaking in petroleum 

ether at room temperature for 24 hours. The solvent 

was subsequently drained and the plant material was 

air-dried before extraction with methanol. The 

extraction was performed by maceration method for 

24 h. Then, the extract was filtered and evaporated 

under reduced pressure. This procedure was repeated 

four times, and the extracts were collected and 

concentrated by rotary evaporator.  

 

Isolation process 
The methanolic extract (7 g) was subjected to silica 

gel column chromatography (CC) with petroleum 

ether: AcOEt (1:0, 6: 4, 7: 3, 0:1) as eluent, to give 

three fractions (A-C). The fraction A (20 mg) from 

system of (7:3) was further fractionated by 

preparative TLC with petroleum ether: AcOEt (6:4) 

to obtain two fractions (A1-A2). Compound 1 (7 mg) 

was obtained from A1 using crystallization method.  

The fraction B (50 mg) was subjected to silica gel CC 

with petroleum ether: AcOEt (6:4) result in two 

fractions (B1-B2).  Compound 2 (5 mg) was obtained 

from B1 using preparative TLC followed by 

crystallization and Compound 3 (6 mg) was obtained 

from B2. The pure compounds were dried under 

nitrogen gas. The vial placed in a small round-

bottomed flask and the flask placed in a freeze dryer 

for 24h.    
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Brine Shrimp Cytotoxicity Bioassay 
Cytotoxic activities of the sesquiterpene lactone were 

assessed by Artemia salina according to modified 

Mongelli method described by Saeidnia et al. (2009). 

Brine shrimp (Artemia salina) eggs were hatched in 

flask containing 300 ml artificial seawater made by 

dissolving distilled water in 29-30° C temperature 

and aerate condition. Different concentrations of each 

extract dissolved in normal saline were obtained by 

serial dilution. Four concentrations of each extract 

were prepared with (10, 100, 500 and 1000 µg/ml). 

Ten to 20 nauplii were added to each concentration of 

the extracts in 24 well chamber slides. Number of 

nauplii alive noted after 24 h. The mortality end point 

of the bioassay was determined as the absence of 

controlled forward motion during 30 seconds of 

observation. Seawater and berberine hydrochloride 

(LC50 = 26 μg/ml) were used as controls. Lethality 

percentage was determined and LC50 calculated based 

on Probit Analysis with 95% of confidence interval 

(Saeidnia et al., 2009). 

 

RESULTS AND DISCUSSION 

In this study, active compounds of A. santolina were 

purified using combination of column 

chromatography (CC) and preparative thin layer 

chromatography (PTLC) from methanolic-extract of 

the aerial parts of the plant. The methanolic extract of 

the aerial parts of A. Santolina has been subjected to 

various chromatography separation methods to obtain 

two sesquiterpenes and one flavone as: artemin (1), 

2-hidroxy-2,6,10-trimethyl-7,10-oxide-3,11-dodeca-

dien-5-one (2) and jaceosidin (3), identified on the 

basis of the spectral data compared with those 

reported in the literature (Khafagy et al., 1983; 

Agrawal, 1989; Rustaiyan et al., 1989). 

Spectroscopic data of the compound 1 including 1H-

NMR, 13C-NMR, HMBC, 1H-1H COSY and DEPT 

are shown in Table 1. The EI-MS spectrum of the 

compound 1 showed a molecular peak at m/z 266 

indicating the molecular formula of the compound as 

C15H22O4 and other prominent peaks were observed at 

m/z 248 [M-H2O]+, m/z 233 [M-H2O-CH3]
+, m/z 222 

[M-CO2]
+ and m/z 205 [M-H2O-CH3-CO]+, 

corresponding to a backbone of eudesmanolid (one of 

the main class of sesquiterpene lactones) (Yang et al., 

2008). The 13C-NMR spectrum of compound 1 shows 

14 signals including of two methyl, five methylene, 

four methine and three quaternary carbon (Table 1). 

Since, carbons of compound 1 in position of 1 and 5 

attached to hydroxyl groups they were appeared in 

72.1 and 77.6 ppm, respectively. Explanation of the 

data from the HMQC, HMBC and 1H-1H COSY 

correlation (Table 1), that were initially stated, 

resulting in elucidation  of planar structure of the 

compound 1 as shown in figure 1.  
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Figure 1 

Chemical structures of the isolated compounds from A. santolina. 
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All spectroscopic data of compound 2 were 

presented in Table 2, in which data of 13C-NMR, 

HMBC, 1H-1H COSY and DEPT spectra were 

reported for the first time. The structure of the 

isolated compound 2 was readily identified by 

comparing these spectral data with those reported in 

the literature (Figure 1). (Khafagy et al., 1983) 

Compound 3 was isolated as yellow needles and its 

NMR data were compared to previous results, which 

are explained followed: 1H-NMR data (500 MHz, 

aceton-d6), δ H (ppm): 3.89 (3H, s, OCH3), 4.01 

(3H, s, OCH3), 6.65 (1H, s, H-8), 6.71 (1H, s, H-3), 

7.02 (1H, d, J = 8Hz, H-5'), 7.65 (1H, d, J = 2, H-

2'),7.61 (1H, dd, J = 2, H-6'); 13C NMR (500 MHz, 

Aceton), δ C (ppm): 164.6 (C-2), 103.4 (C-3), 182.1 

(C-4), 153.4 (C-5), 131.6 (C-6), 157.1 (C-7), 94.3 (C-

8), 105.3 (C-10), 123.1 (C-1´), 110.0 (C-2´), 150.9 

(C-3´), 148.4 (C-4´), 115.9 (C-5´), 120.8 (C-6´), two 

methoxy groups in 56.1 and 60.2 (Agrawal, 1989). 

 

 

 

 

 

 

Table 1 

The NMR data of artemin (1), a sesquiterpene lactone, isolated from A. santolina in chloroform-d. 

No 1HNMR 13CNMR HMBC COSY DEPT 

1 4.2(dd, j=5) 72.1 H-2,H-3, 

H-14 

H-2, H-3 CH 

2 1.6, 2.2 30.7 H-3 , H-14 H-1, H-3 CH2 

3 1.9, 2.7 30.0 H-2 , H-15 H-1, H-2, H-

15 

CH2 

4 ----------- 145.3 H-3 , H-15  C 

5 ----------- 77.6 H-2 , H-9 

H-14 ,H-15 

 C 

6 4.3(d, j=10) 82.1 H-7 , H-8 

H-11 

H-7, H-11 CH 

7 2.4(m, j=6) 45.8 H-9 , H-13 H-6, H-8, H-

11 

CH 

8 1.6, 1.9 23.2 H-9 H-9, H-7 CH2 

9 1.79 30.3 H-14 H-8 CH2 

10 ---------- 44.9 H-14  C 

11 2.4(m, j=6) 41.6 H-6 , H-7 

H-13 

H-13, H-6 CH 

12 ---------- 179.7 H-11, H-13  C 

13 1.28(d, 3H) 12.8  H-11 CH3 

14 0.95(s, 3H) 13.6 H-9  CH3 

15 5.1(d, 2H) 112.9 H-6 H-3 CH2 
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Table 2 

The NMR data of 2-hidroxy-2,6,10-trimethyl-7,10-oxide-3,11-dodecadien-5-one (2), sesquiterpene,  

isolated from A. santolina in chloroform-d. 

No 1HNMR 13CNMR HMBC COSY DEPT 

1 5.00(d),5.20(d) 111.9 H-15 H-2 CH2 

2 5.90m 145.0 H-1, H-4,H-15 H-1 CH 

3 --------------- 83.3 H-1, H-2,H-4, H-

5,H-6, H-15 

 C 

4 1.78(m),1.91(m) 38.0 H-2, H-5,H-6, H-15 H-5 CH2 

5 1.65(m),2.05(m) 29.8 H-4, H-6,H-7, H-15 H-4 , H-6 CH2 

6 4.3(m) 80.9 H-4, H-5,H-7, H-14 H-5, H-7 CH 

7 3.00 50.2 H-5, H-6,H-9, H-14 H-6,H-14 CH 

8 ---------- 203.4 H-6,H-7,H-9, H-

10,H-14 

 C 

9 6.45d 125.6 H-7, H-10 

H-12, H-13 

H-10 CH 

10 6.95d 153.1 H-7, H-9 

H-12, H-13 

H-9 CH 

11 ---------- 71.3 H-9, H-10 

H-12, H-13 

 C 

12 1.40s 29.71 H-9, H-10 

H-13 

 CH3 

13 1.40s 29.74 H-9, H-10 

H-12 

 CH3 

14 1.05d 13.4 H-6, H-7 H-7 CH3 

15 1.27s 26.9 H-2, H-4  CH3 

 

The results of brine Shrimp cytotoxicity 

bioassay showed that the artemin (1) indicated a 

toxicity effect against A. salina nauplii (LC50 = 26 

μg/ml). The equations of the regression lines from 

probit mortality versus log dosage plots and the lower 

and upper of the LC50’s with 95% confidence limit 

are 4.97,8.34. In this test, sesquiterpene lactone (1) 

has shown high toxicity with LC50’s of 6.44µg/mL 

against Artemia salina larvae.  

Three compound identified as artemin (1), 2-

hidroxy-2,6,10-trimethyl-7,10-oxide-3,11-dodeca-

dien-5-one (2) and jaceosidin  (3) are investigated but 

among them, artemin (1) was the most active one.  

 

CONCLUSION 
The present work is the first report of the isolation 

and identification of the above mentioned compounds 

(1-3) from A. santolina. Artemin (1) has been isolated 

from other Artemisia species, such as A. diffusa 

(Yang et al., 2008), A. pontica (Trendafilova et al., 

1996), A. hugueti (Marco et al., 1994),  A. 

caeralescens (Kawatani et al., 1956) and A. halophile 

(Arkhipova et al., 1970), and A. taurica, and has 

reported to show antimicrobial activity (Konovalov et 

al., 2002), moreover artemin and its isomer, arsubin,  

have been reported to possess anti tuberculosis 

activity against Mycobacterium aurum (Ntutela et al., 

2009). In addition, the compound 2 has been already 

isolated and identified from A. inculta (Khafagy et 

al., 1983). Jaceosidin is an active flavonoid with high 

biological activity, as one of the major constituent of 

the medicinal herbs of the genus Artemisia and has 

been exhibited anti-inflammatory (Clavin et al., 

2007; Kim et al., 2008), antioxidant (Kim et al., 

2008), anti-microglial and anti-neuroinflammatory, 

(Nam et al., 2013) anti-cancer (Lv et al., 2008) and 

anti-allergic (Lee et al., 2007) activities. 
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