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Abstract 

Stauntonia hexaphylla (Lardizabalaceae) is an important medicinal plant in Korea, Japan, and 

China. Its leaves are used to treat many diseases because of their analgesic, sedative, and 

diuretic effects; however, there are few reports on their chemical constituents and biological 

activities. This study divided an ethanol extract into dichloromethane (DCM), ethyl acetate 

(EtOAc), and water fractions. Bioassay-guided fractionation of the ethanol extracts led to the 

isolation of seven compounds (1−7). Their structures were determined using one- and two-

dimensional nuclear magnetic resonance, mass spectroscopy, and comparisons with reported 

values. To our knowledge, this is the first report of 1–7 from S. hexaphylla. The anti-

inflammatory effects of the extract, fractions, and isolated compounds were investigated by 

suppressing cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) in 

Western blots. The ethanol (EtOH) extract (20 µg/mL), DCM fraction (20 µg/mL), and 

compound 1 (10 µM) decreased COX-2 and iNOS expression significantly in LPS-induced 

RAW264.7 cells. These results suggest that S. hexaphylla leaves and compound 1 isolated 

from S. hexaphylla are useful candidates for treating inflammatory and other diseases. 

 

Keywords: Stauntonia hexaphylla, Lardizabalaceae, COX-2, iNOS, anti-inflammatory 

effects. 

 

General experimental procedures 

Optical rotations were determined on a JASCO P-2000 polarimeter (Hachioji, Tokyo, Japan). 

The nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Advance III 500 

MHz spectrometer with TMS as an internal standard. For high-performance liquid 

chromatography, a Kinetex C18 column (250 × 20.0 mm, 5 µm; Phenomenex, Torrance, CA, 

USA) was used. Column chromatography (CC) was performed on silica gel (Kieselgel 60, 

70–230 mesh and 230–400 mesh; Merck, Darmstadt, Germany), YMC*GEL (ODS-A, 12 nm 

S-150 μm, YMC), and Sephadex LH-20 resin (Sigma-Aldrich, St. Louis, MO, USA). Thin-

layer chromatographs using pre-coated silica gel 60 F254 (1.05554.0001; Merck) and RP-18 

F254S plates (1.15685.0001; Merck) and the various compounds were visualized by spraying 

with aqueous 10% H2SO4 and heating for 3–5 min. 

 

Plant material 
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The S. hexaphylla harvested in the area of Goheung, Jeollanam-do, Korea and authenticated 

by National Institute of Biological Resources (Ministry of Environment, Korea) and 

Professor Y. H. Kim. An authentic sample (CNU17002) of the collection was stored at the 

Herbarium of this University (CNU). 

 

Extraction and isolation 

Dried leaves of Stauntonia hexaphylla (2.5 kg) were extracted with 95% aqueous EtOH (10 L 

× 3 times) under reflux conditions. Evaporation of the solvent under reduced pressure gave 

the EtOH extract (400 g). The EtOH extract was suspended in H2O and successively 

separated with DCM (CH2Cl2) and EtOAc to yield the DCM fraction (100 g), EtOAc fraction 

(110 g), and water layer, respectively. 

The DCM fraction was subject to silica gel CC eluting with gradient solvent systems of 

CH2Cl2/methanol (MeOH) (0–100% MeOH, stepwise) to obtain eight fractions (D-1 through 

D-8). Compounds 1 (3.7 mg) and 2 (2.5 mg) were isolated by YMC reverse-phase (RP-18) 

CC using acetone/H2O (3/1. v/v) from fraction D-3. Fraction D-5 was separated on YMC RP-

18 CC with acetone/H2O (2/1, v/v) as the eluant to give three small subfractions. Compounds 

3 (3.0 mg), 4 (3.2 mg), and 5 (2.8 mg) were obtained from fraction D-5A by YMC reverse-

phase (RP-18) CC eluting with MeOH/H2O (3/1, v/v), and purified by Sephadex LH-20 with 

MeOH/H2O (4/1, v/v) as the eluant. Finally, fraction D-7 was isolated on silica gel CC on 

eluting with CH2Cl2/MeOH/H2O (5/1/0.05, v/v) and was purified with Sephadex LH-20 to 

afford compounds 6 (6.5 mg) and 7 (5.6 mg). 

 

Identification of isolated compounds 1−7 

Seven compounds were isolated and identified: salvigenin (1) (Youssef and Frahm 1995), 

acacetin (2), (Soon-Ho et al. 2003), 5-hydroxy-3,7-dimethoxyflavone (3) (Sutthanut et al. 

2007), 5-hydroxy-3,7,4'-trimethoxyflavone (4) (Sutthanut et al. 2007), 5-hydroxy-7,4'-

dimethoxyflavone (5) (Sutthanut et al. 2007), rutin (6) (Park et al. 2008), myricitrine (7) 

(Malongane et al. 2018) (Figure 1). 

 

Physical and spectroscopic data of bioactive compound: 

Compound 1: Colorless crystal; 1H-NMR (500 MHz, MeOD) δH 6.94 (2H, d, J=11.5 Hz, H-3, 

H-8), 7.12 (2H, d, J=8.5 Hz, 3', 5'), 8.07 (2H, d, J=8.5 Hz, H-2', 6'), 12.88 (s, OH-5), 3.93 

(3H, s, OMe-7), 3.86 (3H, s, OMe-6), 3.73 (3H, s, OMe-4'). 
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13C-NMR (125 MHz, MeOD) δC 163.6, (C-2); 103.3, (C-3); 182.3 (C-4); 152.6 (C-5); 131.9, 

(C-6); 158.6, (C-7); 91.5, (C-8); 153.1, (C-9); 106.0, (C-10); 123.4 (C-1'); 127.9, (C-2'); 

114.4, (C-3'); 162.5, (C-4'); 114.4, (C-5'); 127.9, (C-6'); 60.8, (OMe-6); 56.2, (OMe-7); 55.4, 

(OMe-4') (Figure S2−S5). 

  

Effects of fractions and compound 1 on the expression of COX-2 and iNOS in LPS-

induced RAW264.7 cells 

 

Cell cultures 

RAW264.7 murine macrophages purchased from the Korea Cell Line Bank (Seoul, Korea) 

were cultured in Dulbecco modified Eagle’s medium (WelGENE, Daegu, Korea) 

supplemented with 10% fetal bovine serum (Thermo Fisher Scientific, Waltham, MA, USA) 

and 1% penicillin/streptomycin (Thermo Fisher Scientific) under an atmosphere of 5% CO2 

in a humidified incubator at 37°C. 

 

Western blot analysis 

Western blotting was conducted as described previously (Park et al. 2016). RAW264.7 cells 

were seeded in 6-well plates at 1×106 cells/well for 24 h. The cells were pretreated with the 

EtOH extract (20 µg/mL), DCM fraction (20 µg/mL), compound 1 (10 µM), or celecoxib (20 

µM) for 2 h and then stimulated with LPS (500 ng/mL) for 18 h. Equal amounts of the cell 

lysis proteins (30 µg) were subjected to 12% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred to polyvinylidene difluoride membranes (Millipore, Bedford, 

MA, USA) at 100 V. Non-specific binding sites were blocked with 5% skim milk for 1 h. The 

membranes were then incubated with antibodies against COX-2 (Cell Signaling Technology, 

Danvers, MA, USA), iNOS (Santa Cruz Biotechnology, Santa Cruz, CA, USA), or 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH; Santa Cruz Biotechnology) at 4°C 

overnight. After washing, the membranes were incubated with horseradish peroxidase-

conjugated anti-rabbit immunoglobulin secondary antibodies for 1 h. Proteins were detected 

using WesternBright™ ECL reagents (Advansta, Menlo Park, CA, USA) and a C300 

chemiluminescence imager (Azure Biosystems, Dublin, CA, USA). 

 

Toxicity test 

RAW264.7 cells were seeded in 96-well plates (SPL life sciences Co., Pocheon, Korea) at 

1×104/well overnight. The cells were treated with EtOH extract, DCM fraction or Comp 1 for 
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24 h. Cell viability was assayed using 3-(4, 5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)- 2-(4-sulfophenyl)-2H-tetrazolium (MTS), according to 

manufacturer’s instructions (Promega, Madison, WI, USA). Absorbance was read with an 

ELISA microplate reader (ELx808) (BioTek Instruments, Inc., Winooski, VT, USA) at 490 

nm. 

 

Statistical analysis 

All assays were repeated in at least three independent experiments. All statistical calculations 

were performed using Graph Pad Prism ver. 5.01 (GraphPad Software, San Diego, CA, USA). 

 

Anti-inflammatory effects of the S. hexaphylla extract and fractions  

Dried S. hexaphylla leaves were extracted with ethanol 70% at 60°C, filtered, and evaporated 

under reduced pressure with a Rotavapor system (Buchi AG, Flawil, Switzerland) to afford a 

crude EtOH extract. Then, the EtOH extract was successively partitioned with n-hexane, 

DCM, and EtOAc to give four main fractions. We evaluated the effects of the EtOH extract 

and DCM fraction on the expression of COX-2 and iNOS in LPS-induced RAW264.7 cells. 

RAW264.7 cells were pretreated with the EtOH extract (20 µg/mL) or the DCM fraction (20 

µg/mL) for 2 h before being stimulated with LPS (200 ng/mL) for 24 h. COX-2 and iNOS 

proteins were detected by Western blotting. The EtOH extract and DCM fraction 

significantly decreased the expression of COX-2 and iNOS (Figure S1A), while the other 

fractions had no effects on COX-2 and iNOS expression (data not shown). Celecoxib was 

used as a positive COX-2 inhibitor and GAPDH was used as a protein loading control. 

 

 

Effects of isolated single compounds on COX-2 and iNOS expression 

We tested the anti-inflammatory effects of the compounds isolated from S. hexaphylla leaves. 

COX-2 and iNOS proteins were detected by Western blotting. among tested single 

compounds, compound 1 at a concentration of 10 µM significantly decreased COX-2 and 

iNOS expression in LPS-induced RAW264.7 cells (Figure S1B). The inhibitory effect of 

Compound 1 was significant similarly with that of celecoxib, a positive COX-2 inhibitor. 

GAPDH was used as a loading control. 
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Figure S1. Effects of S. hexaphylla on the expression of COX-2 and iNOS in LPS-

activated RAW264.7 cells. 

(A) RAW264.7 cells were pretreated with the EtOH extract (20 µg/mL), DCM fraction (20 

µg/mL), or compound 1 (10 µM) for 2 h and then LPS was added for 18 h. The proteins of 

iNOS and COX-2 were detected by Western blotting. The EtOH extract, DCM fraction, and 

compound 1 decreased iNOS and COX-2 expression in LPS-activated RAW264.7 cells. 

GAPDH was used as a loading control. 

(B) The induction of COX-2 and iNOS was analyzed quantitatively as a comparative value 

using the program Image J. 

(C) Cytotoxicity test of EtOH extract, DCM fraction, or compound 1. RAW264.7 cells were 

treated with EtOH extract, DCM fraction, or compound 1 for 24 h, and then MTS was added 

for 1 h. The absorbances were read with an ELISA microplate reader at 490 nm. 
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Figure S2. 1H-NMR spectrum (DMSO-d6, 500 MHz) of compound 1 

 

 

Figure S3. 13C-NMR spectrum (DMSO-d6, 125 MHz) of compound (1)  
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Figure S4. HSQC spectrum (DMSO-d6, 500 MHz) of compound (1) 
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Figure S5. HMBC spectrum (DMSO-d6, 500 MHz) of compound (1) 
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