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Abstract 

Two previously undescribed dibenzocyclooctadiene lignans, named sieverlignans D–E 

(1-2), as well as eight known ones (3-10), were isolated from the aerial parts of 

Artemisia sieversiana. Their structures were elucidated from extensive spectroscopic 

analysis, including HRMS, NMR and circular dichroism experiments. This study is the 

first to report dibenzocyclooctadiene lignans in the genus Artemisia and this plant. All 

the compounds were evaluated for their anti-neuroinflammatory effects on the 

lipopolysaccharides (LPS)-induced nitric oxide production in BV-2 murine microglial 

cells. Compounds 1 and 6 exhibited the moderate activity with their IC50 values of 47.7 

and 21.9 μM, compared to a positive control quercetin with the IC50 value of 16.0 μM. 
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Introduction 

Artemisia sieversiana Ehrhart ex Willd, also known as ‘Da-Zi-Hao’, ‘Bai-Hao’, 

‘Bai-Ai-Hao’ and ‘You-Hu’ in Chinese, is an annual or biennial herb of the Compositae 

and widespread in China, Pakistan, Mongolia and Central Asia. In China, it has a long 

medicinal history in traditional Chinese medicine and Mongolian medicine, which has 

been used to treat diarrhea and jaundice [1]. Encouraged by the chemical diversity and 

notable biological activities of A. sieversiana [2-6], we have re-investigated the 

ingredients of the aerial parts of this plant, which led to the identification of three 

previously undescribed dibenzocyclooctadiene lignans and eight known compounds. 

Herein, we have described their isolation and structural elucidation of these compounds 

together with their anti-neuroinflammatory effects on the lipopolysaccharides (LPS)-

induced nitric oxide production in BV-2 murine microglial cells. 

Results and Discussion 

The chroloform-soluble residue from the aerial parts of A. sieversiana was applied 

to varied chromatography techniques and recrystallization, including CC on silica gel, 

ODS, Sephadex LH-20 and semi-preparative HPLC, to afford sieverlignan D (1, 6 mg), 

sieverlignan E (2, 4 mg), rubrisandrin B (3, 5 mg) [7], (+)schizandra (4, 9 mg) [8], ((R-

biar)-12-angeloyloxy-6,7,8,9-tetrahydro-1,2,3,13,14-penta-methoxy-7,8-dimethyl-7-

dibenzo[a,c]cyclooctenol) (5, 8 mg) [9], (R-biar)-12-benzoyloxy-6,7,8,9-tetrahydro-

1,2,3,13,14-pentamethoxy-7,8-dimethy-7-dibenzo [a,c] cyclooctenol (6, 8 mg) [9], 

micrantherin A (7, 10 mg) [10], (−)-gomisin G (8, 12 mg) [11], schisantherin A (9, 12 
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mg) 12, gomisin D (10, 7 mg) [13] (Figure 1). 

 

 

Figure 1. Chemical structures of 110 isolated from A. sieversiana. 

Sieverlignan D (1) was obtained as an amorphous gum and assigned the molecular 

formula C27H32O8 from the [M + Na]+ peak at m/z 507.2003 (calcd for 507.1995) and 

[M+ NH4]
+ peak at m/z 502.2446 (calcd for 502.2441) in the HR-ESI-MS and supported 

by the 13C-NMR data (Table1). The IR spectrum of 1 exhibited absorptions at 3516 cm-

1 (OH), 1737 cm-1 (C=O), and 1481 cm-1 (Ar-). The 1H-NMR spectrum of 1 showed the 

presence of four methyl groups resonating at δH 0.87 (d, J = 7.0 Hz), 1.23 (s), 1.72 (s), 

and 1.77 (m); three methoxy group at δH 3.41 (s), 3.78 (s), 3.88 (s); one methlenedioxy 

moiety at δH 6.01 (d, J = 1.0 Hz) and 6.03 (d, J = 1.0 Hz); one olefinic proton at δH 6.04 

(m); and two aromatic protons at δH 6.75 (s) and δH 6.72 (s) ; The 13C-NMR and HSQC 

spectrum of 1 showed 4 CH3, 3 CH2, 4 CH, 13 C and 3 OCH3. There were 16 carbon 
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signals were observed in the low field of the 13C-NMR spectrum, including fourteen 

olefinic carbon signals (δC 109.9, 112.7, 123.4, 125.2, 128.4, 132.6, 134.4, 136.0, 139.0, 

140.2, 141.3, 149.2, 152.5, 153.6), one carbonyl group (δC 165.9), one methlenedioxy 

group (δC 103.2) (Table 1). The above data and the 12 degrees of unsaturation deduced 

from the molecular formula C27H32O8, revealed the presence of two aromatic rings, one 

carbonyl group, one double bond and two another rings. The 1D and 2D NMR spectrum 

implied 1 was a dibenzocyclooctadiene lignan, together with their comparison with 

those of the reported analogues. The HMBC correlations of the methlenedioxy proton 

signals (δH 6.03 and 6.01 ) with C-12 (δC 139.0) and C-13 (δC 149.2) suggested the 

oxygen atoms of the methlenedioxy were at C-12 and C-13, which formed a ring with 

the benezene moiety. Attachment of three methoxy groups (δH 3.41, 3.78 and 3.88) at 

C-1(δC 152.5), C-2(δC 141.3) and C-3(δC 153.6) respectively was confirmed by HMBC 

corrletions of them. In the cyclooctadiene moiety, the oxygenated quaternary carbon 

was assigned to C-7 on the basis of the downfield chemical shift (δC 73.4) and the 

HMBC correlation of H-18 (δH 1.23) with C-7. In addition, detailed analysis revealed 

that 1 contained an angeloyl moiety except the skeleton of lignan, the methlenedioxy 

group and three methoxy groups. The position of angeloyl group was attached at the 

oxygen atom of C-14 by the NOESY correlation of 2′-Me and 1-OMe (Figure 2). Thus, 

the planar structure of 1 was established. 
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Table 1. The 1H NMR (500 MHz) and 13C NMR (125 MHz) data of 1 (in CD3OD) and 2 (in CDCl3) 

(in ppm, J in Hz) 

No. 1  2  

 δC δH δC δH 

1 152.5 -- 151.8  

2 141.3 -- 140.8  

3 153.6 -- 152.4 -- 

4 112.7 6.72, s 110.2 6.56, s 

5 136.0 -- 133.0  

6α 42.5 2.35, d, (13.8) 40.6 2.35, d, (13.5) 

6β  2.62, d, (13.8)  2.74, d, (13.5) 

7 73.4 -- 71.9 -- 

8 42.3 1.82, m 42.0 1.90, m 

9α 35.7 2.41, dd, (14.3, 8.1) 34.2 2.41, dd, (14.5, 7.4) 

9β  2.87, dd, (14.3, 2.1)  2.72, d, (14.5) 

10 134.4 -- 133.7 -- 

11 109.9 6.75, s 112.7 6.70, s 

12 139.9 -- 142.7 -- 

13 149.2 -- 139.8 -- 

14 132.6 -- 151.7 -- 

15 125.2 -- 123.2 -- 

16 123.4 -- 122.9 -- 

17 15.8 0.87, d, (7.0) 15.9 0.86, d, (7.0) 

18 30.0 1.23, s 29.9 1.26, s 

1′ 165.9 -- 165.7 -- 

2′ 128.4 -- 127.9 -- 

3′ 140.2 6.04, m 138.2 6.84, q, (5.6) 

4′ 12.1 1.77, m 12.1 1.72, d, (5.6) 

2′-Me 14.7 1.72, s 14.7 1.71, s 

1-OMe 60.9 3.41, s 60.8 3.52, s 

2-OMe 61.2 3.78, s 61.0 3.85, s 

3-OMe 56.4 3.88, s 56.1 3.89, s 

13-OMe   60.6 3.84, s 

14-OMe   56.0 3.92, s 

-OCH2O- 103.2 6.01, d, (1.0)   

  6.03, d, (1.0)   

 

The relative stereochemistry was determined by the NOESY spectra (Figure 2). 

The NOE cross-peaks of H-4/H-6α, H-6α/H-18, H-17/H-18 and H-11/H-9α, indicated 
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a twist-boat-chair conformation for the cyclooctane ring [14]. The configuration of 

biphenyl group was determined by the reported publications and the circular dichroism 

(CD) spectra. Many previous literatures have found that the chemical shift of 17-Me in 

the 13C-NMR of R-aryl derivatives was about δC 12-16, while in S-aryl derivatives it 

always showed to be δC 19 [15]. The CD spectrum of 1 gave a positive Cotton effect at 

250 nm and a negative Cotton effect 220 nm, confirming that 1 had a R-biphenyl 

configuration [16]. 

 

 

Figure 2. Key HMBC and NOESY correlations of compounds 12. 

Sieverlignan E (2) was obtained as amorphous solid and assigned the molecular 

formula C28H36O8 from the [M + H]+ peak at m/z 501.2507 (calcd for 501.2488) in the 

HR-ESI-MS, corresponding to 11 degrees of unsaturation. The 1D NMR spectrum 

presented five methoxy groups and four methyl groups. Detailed comparison of data of 

2 with those of these published derivatives suggested the structure of 2 was similar to 
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that of known compound (R-biar)-12-angeloyloxy-6,7,8,9-tetrahydro-1,2,3,13,14-

pentamethoxy-7,8-dimethyl-7-dibenzo[a,c]cyclooctenol [9], except that the angeloyl 

group was replaced by the tigloyl group in 2 (Table1). The presence of the tigloyl group 

was determined on the basis of the chemical shifts of this group and C-12. The chemical 

shift of the tigloyl group (δH 6.84) in NMR spectra was lower than that of the angeloyl 

group (5.89) in 1H-NMR. Because of the different configuraions of the two double bond, 

these chemical shifts of the methyl groups are distinct: δC 15.3 (C-4′) and 20.3 (2′-Me) 

in the angeloyl moiety while δC 12.1 (C-4′) and 14.7 (2′-Me) in the tigloyl moiety. In 

addition, the chemical shift of C-12 would be δC 142.7 (-Tig) rather than δC 142.2 (-

Ang). And if C-12 was substituted by -OMe, its chemical shift came to be δC 153.5. 

The above deduction was confirmed by the NOESY correlation between H-11 and 2′-

Me. Thus, the structure of 2 was established as shown. 

The relative stereochemistry of 2 was determined by the ROESY spectra (Figure 

2), combined with the comparison of relevant reported literature. The relative 

conformation of H-17 and H-18 were confirmed by the NOESY cross-peaks between 

H-17 and H-18. The CD spectrum of 2 gave a positive Cotton effect at 252 nm and a 

negative Cotton effect 220 nm, indicating that 2 had a R-biphenyl configuration [16]. 

All the isolated compounds were for their anti-neuroinflammatory effects on the 

lipopolysaccharides (LPS)-induced nitric oxide production in BV-2 murine microglial 

cells by using the method previously reported (Table 2) [17]. The known compound 

quercetin (IC50 = 16.0 μM) were used as positive control in the bioassay. Compounds 

1 and 6 exhibited the moderate activity with their IC50 values of 47.7 and 21.9 μM. 
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Table 2. Inhibitory effects of compounds 1–10 on NO production induced by LPS in BV-2 cells 

Compounds IC50 (μM) Compounds IC50 (μM) 

1 47.7 6 21.9 

2 >100 7 95.3 

3 >100 8 49.9 

4 >100 9 89.5 

5 81.1 10 >100 

Quercetina 16.0   

a Quercetin was used as a positive control. 

 

Conclusion 

In conclusion, this study investigated chemically the aerial parts of Artemisia 

sieversiana, which resulted in ten dibenzocyclooctadiene lignans (1-10), including two 

unknown ones (1-2). Their structures were elucidated from extensive spectroscopic 

analysis, including MS, NMR and circular dichroism experiments. To our knowledge, 

this study is the first to report dibenzocyclooctadiene lignans in the genus Artemisia 

and this plant. Lignans can be considered as one of its main and characteristic 

components in Artemisia genus, but tetrahydrofuran lignans are the most common and 

related references on dibenzocyclooctadiene lignans in this genus are scarcely. 

Therefore these ingredients can be interesting for chemotaxonomic significance of 

Artemisia sieversiana. Since ‘Da-Zi-Hao’ has been used as traditional Chinese 

medicine for antiphlogosis and heat-clearing, all the isolates were evaluated for their 

anti-neuroinflammatory effects on the lipopolysaccharides (LPS)-induced nitric oxide 

production in BV-2 murine microglial cells. Compounds 1 and 6 exhibited the moderate 

activity with their IC50 values of 47.7 and 21.9 μM, compared to a positive control 
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quercetin with the IC50 value of 16.0 μM. In those S-isomers, compound 8 exhibited 

more active when compared to 9, which concluded that the location of the 

methlenedioxy group could affect their inhibition activities. Comparing compounds 1, 

4, 5, 6 and 7, compound 6 showed stronger inhibitory activity than the other compounds 

in R-isomers, which indicated the occurrence and the location of the angeloyl group 

were key features for the lignans. 

 

Experimental  

General experimental procedures   

Optical rotations were measured on an Autopol-IV polarimeter (RudoPH Research 

analytical). IR spectra were recorded on a NEXUS-470 FTIR (Nicolet) spectrometer. 

NMR spectra were acquired on Varian INOVA-500 FT NMR spectrometer using 

deuterated solvents as references. HRESIMS were measured on a Waters Xevo G2 Q-

TOF mass spectrometer. Semi-preparative HPLC was performed on a DIONEX 

Ultimate 3000 system with UV-VIS detector employing an Agilent Edipse XDB C18 

column (250 × 9.4 mm i.d., 5 μm). Thin-layer and column chromatography were 

performed using silica gel (Qingdao Haiyang Chemical Co. Ltd., GF254 or 200–300 

mesh) and Sephadex LH-20 (Pharmacia Biotech Ltd.) and ODS (Merck & Co., Inc. 

USA). All the solvents were of analytical grade and were purchased from Beijing 

Chemical Company Ltd.. TLC spots were observed under UV light or by spraying with 

5% sulfuric acid vanillin solution. 

Plant material   
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The aerial parts of A. sieversiana were orginally collected from Qinghai Province 

in March 2013, and identified by Prof. Peng-Fei Tu, one of the authors. A voucher 

specimen (No. DZH201304) was deposited at the Herbarium of the Peking University 

Modern Research Center for Traditional Chinese Medicine, Peking University. 

Extraction and isolation   

The dried aerial parts of A. sieversiana (60 kg) were grinded and extracted with 

95% EtOH three times, each for two hours. After removal of the ethanol in vacuo, the 

slabby concentrated residue (10.2 kg) was suspended in H2O (20 L) and partitioned 

with petroleum ether (20 L × 3) and CHCl3 (20 L × 3) successively. The CHCl3-soluble 

fraction (1.6 kg) was subjected to a silica gel column chromatography (CC) (200-300 

mesh; PE/EtOAc, 1:0→0:1) to yield ten fractions (Fr.1-10). Silica gel CC (200-300 

mesh; dichloromethane/ EtOAc, 1:0→0:1) of Fr.6 led to eigteen fractions (Fr.A-R) and 

Fr.K was separated over a ODS C18 column (MeOH/H2O, 20:80→80:20) to yield ten 

major sub-fractions (Fr.K1~Fr.K10). Compound 7 (10 mg) was obtained by 

recrystallization of Fr.K7. The remaining fractions was separated by semi-preparative 

HPLC (MeOH/H2O 52:48, 2.0 mL/min) yield compounds 1 (6 mg), 4 (9 mg) and 8 (12 

mg). Fr.K9 was chromatographed on Sephadex LH-20 in MeOH afforded three 

fractions (Fr.K9.1~Fr.K9.5) and Fr. K9.3 was separated by semi-preparative HPLC 

(MeOH/H2O, 36:64, 2.0 mL/min) yield compound 3 (5 mg). Fr.M was separated on 

Sephadex LH-20 to afford thirty fractions (Fr.M1~Fr.M30). Fr.M22 was subjected to 

RP-C18 CC eluted with MeOH-H2O (20:80→80:20) to get fifteen sub-fractions 

(Fr.M22.1~ Fr.M22.15) and Fr.M22.6 further purified by semi-preparative HPLC 
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(MeOH/H2O 50:50, 2.0 mL/min) yield compounds 6 (8 mg) and 9 (12 mg). Fr.M28 was 

chromatographed on silica gel with a gradient of Petroleum ether-CH2Cl2 (10:1−1:1) 

elution to yield fifteen fractions (Fr.M28.15~ Fr.M28.15). Fr.M28.8 was obtained by 

semi-preparative HPLC (MeCN/H2O, 70:30, 2.0 mL/min) yield compound 10 (7 mg). 

Sephadex LH-20 CC (MeOH) of Fr.8 resulted in nine fractions  (Fr.8.1~Fr.8.9). and 

Fr.8.1~Fr.8.4 were combined and was purified by semi-preparative HPLC (MeCN/H2O 

50:50, 2.0 mL/min) yield compounds 2 (4 mg) and 5 (8 mg). 

 

Sieverlignan D (1): white, amorphous gum; [α]𝐷
25 + 24.0 (c 0.10, MeOH); IR (KBr) 

νmax 3528, 2930, 1737, 1115, 1069 cm-1; 1H and 13C NMR data (CD3OD, 500/125 

MHz), see Table 1; HRESIMS m/z 507.2003 [M + Na]+ (calcd for C27H32O8Na, 

507.1995) and m/z 502.2446 [M + NH4]
+ (calcd for C27H32O8NH4, 502.2441). 

 

Sieverlignan E (2): white, amorphous solid; [α]𝐷
25+ 24.7 (c 0.15, MeOH); IR (KBr) 

νmax 3516, 2934, 1737, 1104, 1067 cm-1; 1H and 13C NMR data (CDCl3, 500/125 MHz), 

see Table 1; HRESIMS m/z 501.2507 [M + H]+ (calcd for C28H37O8, 501.2488). 

 

NO production inhibitory assay   

The production of NO in the medium was assessed by determining the nitrite 

concentration with Griess reagent (1% sulfanilamide and 0.1% naphthylenediamine in 

5% phosphoric acid). BV-2 cells macrophages were seeded in 96-well plates (1×105 

cells/well). The cells were pre-treated with compounds 1-10 for 4 h, and then incubated 
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with LPS (1 μg/mL) for 24 h. The control group was treated with LPS only. The 

absorbance was recorded on a microplate reader at a wavelength of 540 nm. The IC50 

value was generated by GraphPad Prism 5 software. Cell viability was measured by an 

MTT assay and the absorbance read at 570 nm with an ELISA analyzer. Quercetin was 

employed as a positive control. 

 

Supporting Information 

Spectral data of compound 1 and 2. 

[https://www.beilstein-journals.org/bjoc/content/supplementary/……]  
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