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1H NMR  proton nuclear magnetic resonance 
13C NMR carbon-13 nuclear magnetic resonance 
B.  Bifidobacterium 
CC  column chromatography 
D-MEM  dulbecco's modified eagle's medium 
DMSO  dimethyl sulfoxide 
EDTA  ethylenediaminetetraacetic acid 
ELISA   enzyme-linked immunosorbent assay 
FA  fatty acid 
FBS   fetal bovine serum 
GC-EI-MS  gas chromatography electron ionization mass spectrometry 
HPLC  high performance liquid chromatography 
HR-EI-MS high-resolution electrospray ionization mass spectrometry 
IL  interleukin 
LAB  lactic acid bacteria 
Lb.  Lactobacillus 
MeOH  methanol 
MRS  de Man, Rogosa, and Sharpe 
MS  mass spectrum 
NASH  non-alcoholic steatohepatitis 
NF- B  nuclear factor-kappa B 
ODS  octadecylsilanized silica gel 
ORF  open reading frame 
P.  Pediococcus 
PBS  phosphate buffered saline 
SQL  sesquiterpene lactone 
TG  triglyceride 
TLR  toll like receptor 
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, Chavez-Tapia  (non-

alcoholic steatohepatitis: NASH) ,  
[22] ,  (fatty acids: FAs) , HuH-7

 (interleukin: IL)-8 2
FA HuH-7 IL-8

 
, NASH

NASH , FA TLR4/2 , NF- B
, IL-8  [23] IL-8 , 

, NASH  [24, 25]
NASH  [26], , NASH

IL-8 , 
 [27, 28]  

, NASH  [22] 
, Lb. plantarum SN13T

NASH
,  ( ) , 

, SN13T 2
, SN13T  

 
 

NASH  
 

NASH , Chavez-Tapia  [22] HuH-
7 24 , 24  ( 1 : 2) 

600 M 24 ,  (TG) 
, IL-8 ELISA

, FA ,  
(Fig. 1) IL-8  (Fig. 2) FA

, Cell Counting Kit-8 (  ) 
 (Fig. 3) , NASH

,  



 
 
 
 
 
 
 
 
 
 

Fig. 2. IL-8 release from the HuH-7 cells. 

Culture supernatants were harvested at 24 h after untreated 

or treated with FAs, and IL-8 levels were measured by 

ELISA. Data expressed mean ± standard deviation, n=3. 

**P < 0.01 vs FA (-). FA (-), untreated with FA; FA (+), 

treated with FA.  

Fig. 1. Intracellular triglyceride.  

HuH-7 cells were untreated or treated 600 M FAs for 24 

hours, at a molar ratio of 1: 2 (palmitic and oleic acid, 

respectively). Increase of intracellular fat accumulation was 

determined by TG assay kit. Data expressed mean ± 

standard deviation, n=3. **P < 0.01 vs FA (-). FA (-), 

untreated with FA; FA (+), treated with FA.  

Fig. 3. Cell viability assay.  

The effect of the FA on the viability of the HuH-7 cells. 

Cells were treated with FAs for 24 h and assessed with Cell 

Counting Kit-8. Cells treated with vehicle alone served as a 

control. Data expressed mean ± standard deviation, n=3. FA 

(-), untreated with FA; FA (+), treated with FA. 



NASH  
 
SN13T , Table 1

, , NASH , 
,  ( ) 

 (Fig. 4)  
 

 
 
 
 
 
 
 
 
 

Table 1. Medicinal herbs used for screening. 



 
 
 
 
 

Fig 4. The inhibitory effect of the herb extract fermented with SN13T strain on the release of IL-8 from HuH-7 

cells (a1, a2) and cell viability assay after treatment (b1, b2).  

The herb extracts were incubated for 24 h at 28℃ with SN13T strain. The resulting samples were added to the HuH-7 

cell culture medium at 50 g/mL, along with FA treatment, except for P. frutescens, and C. cassia (20 g/mL). The 

culture supernatant of the cells was collected 24 h after the treatment. The amounts of IL-8 were measured by the ELISA 

method. Data are expressed as the mean ± standard deviation, (n=2–3). **P < 0.01 vs. control. 



 
 

NASH , 
,  (Lb. 

plantarum SN13T, Lb. plantarum SN35N, Pediococcus (P.) pentosaceus LP28) , 

, 28℃ 24 , , 
, 

, pH , 
 (Table 2)  

, HuH-7
NASH IL-8

 (u-AP) , FA HuH-7 IL-8 50%  (Fig. 
5a) , SN13T  (f-AP-13T) SN35N  (f-AP-35N) , 

IL-8 , SN13T
IL-8 , SN35N , LP28

 (f-AP-LP28) ,  
, 

, Lb. plantarum SN13T , , 3
, 

FA , HuH-7 , Cell Counting Kit-8
 (Fig. 5b)  

Table 2. pH of AP extract after fermentation with each LAB strain.  



 
-  

 
, Lb. plantarum SN13T , 

, Lb. plantarum SN13T, Lb. plantarum SN35N, 
P. pentosaceus LP28 3 , 

3 , Table 3
1.8 3.4 Mb  [29], 

SN13T 3.6 Mb ,  
-

, 3 - ,  [19–21]  
SN13T , SN35N , LP28 , -

open reading frame (ORF) , 11 , 8 , 4 ORF
 (Fig. 6) , SN13T SN35N , -

gene organization  

Fig. 5. The inhibitory effect of the AP extract fermented with each LAB strain on the release of IL-8 from HuH-7 

cells (a) and cell viability assay after treatment (b).  

In this experiment, Lb. plantarum SN13T, Lb. plantarum SN35N, and P. pentosaceus LP28 were used. The AP extract 

was incubated for 24 h at 28℃ with each strain, and the extract incubated without lactic acid bacterium was also 

prepared. The resulting sample was added to the HuH-7 cell culture medium at 45 g/mL, along with FA treatment. The 

culture supernatant of the cells was collected 24 h after the treatment. The amounts of IL-8 were measured by the ELISA 

method. Data are expressed as the mean ± standard deviation, (n=3). **P < 0.01 vs. control. †P < 0.05 vs. u-AP. ††P < 

0.01 vs. u-AP. u-AP, AP extract without fermentation; f-AP-13T, AP extract fermented with the SN13T strain; f-AP-35N, 

AP extract fermented with the SN35N strain; f-AP-LP28, AP extract fermented with the LP28 strain. 



, ORF , MEGA ver. 6.0
ClustalW , Fig. 7 , 
LP28 - , SN13T SN35N

, SN13T SN35N - , LP28
, LP28 , -

SN13T , 2 -
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Table 3. Summary of features of LAB strains used in this study. 

Fig. 6. Putative -glucosidase gene locus of each LAB strain 



Fig. 7. Phylogenetic tree on the β-glucosidase.  

The phylogenetic tree was drawn with the ClustalW program in Molecular Evolutionary Genetics Analysis (MEGA) 

software ver. 6.0 using the unweighted pair group method with arithmetic (UPGMA). The top horizontal bars show a 

distance of 0.1 substitutions per site. 
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,  (Compositae) ,  (Artemisia princeps 

Pampanini) , 
, , 

,  (eupatilin jaceosidin) [30, 31] , caffeoylquinic acids 
[32] , 

, Artemisia ,  
(SQL)  [33] , SQL yomogin , 

 [34]  
, 

, , , SN13T
, 

, , 
, 

 
 

 
 

pH 7.5 , 
, , , 

90% (v/v) , n- , 
n-  (Fig. 8)

, , 90% (v/v) IL-8
 (Fig. 9a) , 90% (v/v) , 

, IL-8 , 
 (Fig. 10–12)  

Fig. 8. Procedure for fractionation from herbal extracts. 



Fig. 9. The inhibitory effect of 90% (v/v) MeOH extract on the release of IL-8 from HuH-7 cells (a) and cell 

viability assay after treatment (b).  

The 90% (v/v) MeOH extract was diluted and added to the HuH-7 cell culture at 6.25 or 12.5 g/mL. The culture 

supernatant was obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed 

as the mean ± standard deviation, (n=3). **P < 0.01 vs control. ††P < 0.01 vs u-6.25/u-12.5. u-AP-M-6.25, 90% (v/v) 

MeOH extract from u-AP (6.25 g/mL); f-AP-M-6.25, 90% (v/v) MeOH extract from f-AP-13T (6.25 g/mL); u-AP-M-

12.5, 90% (v/v) MeOH extract from u-AP (12.5 g/mL); f-AP-M-12.5, 90% (v/v) MeOH extract from f-AP-13T (12.5 

g/mL). 

Fig. 10. The inhibitory effect of water extract on the release of IL-8 from HuH-7 cells (a) and cell viability assay 

after treatment (b).  

The water extract was diluted and added to the HuH-7 cell culture at 12.5 or 25 g/mL. The culture supernatant was 

obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± 

standard deviation, (n=3). *P < 0.05 vs control. **P < 0.01 vs control. u-AP-W-12.5, water extract from u-AP (12.5 

g/mL); f-AP-W-12.5, water extract from f-AP-13T (12.5 g/mL); u-AP-W-25, water extract from u-AP (25 g/mL); f-

AP-W-25, water extract from f-AP-13T (25 g/mL). 



Fig. 11. The inhibitory effect of n-butanol extract on the release of IL-8 from HuH-7 cells (a) and cell viability 

assay after treatment (b).  

The n-butanol extract was diluted and added to the HuH-7 cell culture at 6.25 or 12.5 g/mL. The culture supernatant 

was obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the 

mean ± standard deviation, (n=3). *P < 0.05 vs control. **P < 0.01 vs control. u-AP-B-6.25, n-butanol extract from u-AP 

(6.25 g/mL); f-AP-B-6.25, n-butanol extract from f-AP-13T (6.25 g/mL); u-AP-B-12.5, n-butanol extract from u-AP 

(12.5 g/mL); f-AP-B-12.5, n-butanol extract from f-AP-13T (12.5 g/mL). 

Fig. 12. The inhibitory effect of n-hexane extract on the release of IL-8 from HuH-7 cells (a) and cell viability 

assay after treatment (b).  

The n-hexane extract was diluted and added to the HuH-7 cell culture at 6.25 or 12.5 g/mL. The culture supernatant was 

obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± 

standard deviation, (n=3). *P < 0.05 vs control. u-AP-H-6.25, n-hexane extract from u-AP (6.25 g/mL); f-AP-H-6.25, 

n-hexane extract from f-AP-13T (6.25 g/mL); u-AP-H-12.5, n-hexane extract from u-AP (12.5 g/mL); f-AP-H-12.5, 

n-hexane extract from f-AP-13T (12.5 g/mL). 



HPLC  
 

, , 90% (v/v) , 
IL-8 , HPLC

 
90% (v/v) , 

HPLC , , 
90% (v/v) , 17 32 2

, , , 
 (Fig. 13a, 13b) , 2

,  
, SN35N LP28 , 

90% (v/v)  (Fig. 13c, 13d) , SN35N
, SN13T 17 32 2 , 

SN13T , LP28
, 2 , 
, 2  



Fig. 13. Constituent analysis in 90% (v/v) MeOH extracts from the u-AP (a), f-AP-13T (b), f-AP-35N (c), f-AP-

LP28 (d).  

u-AP, 90% (v/v) MeOH extract from AP extract without fermentation; f-AP-13T, 90% (v/v) MeOH extract from AP 

extract fermented with the SN13T strain; f-AP-35N, 90% (v/v) MeOH extract from AP extract fermented with the 

SN35N strain; f-AP-LP28, 90% (v/v) MeOH extract from AP extract fermented with the LP28 strain. 



 
 

90% (v/v) 2  (
17 , 32 ) , SN13T

3,300 mL 90% (v/v) 2.1 g , 
, 7  (f1–f7) 7

, f2
 (Fig. 14a)  

 
, f2 ODS , 15

 (F1-1–F8) , 3  (F1-1, F1-
2, F2-2)  (Fig. 15a) , F5-1 , 

,  

Fig. 14. The inhibitory effect of fractions after silica gel column chromatography on the release of IL-8 from HuH-

7 cells (a) and cell viability assay after treatment (b).  

The seven fractions were diluted and added to the HuH-7 cell culture at 6.25 g/mL. The culture supernatant was 

obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± 

standard deviation, (n=3). **P < 0.01 vs control.  



 
, F1-1  (83.7 mg) , HPLC , 

5  (P1–P5) 5
, P1 P4  (Fig. 16a)  

Fig. 15. The inhibitory effect of fractions after ODS column chromatography on the release of IL-8 from HuH-7 

cells (a) and cell viability assay after treatment (b).  

The eight fractions were diluted and added to the HuH-7 cell culture at 6.25 g/mL. The culture supernatant was 

obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± 

standard deviation, (n=3). **P < 0.01 vs control.  

Fig. 16. The inhibitory effect of fractions after HPLC on the release of IL-8 from HuH-7 cells (a) and cell viability 

assay after treatment (b).  

The five fractions were diluted and added to the HuH-7 cell culture at 6.25 g/mL. The culture supernatant was obtained 

after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± standard 

deviation, (n=3). **P < 0.01 vs control.  



, F1-2  (155 mg) HPLC , 6
 (S1–S6) , S1 S6

,  (Fig. 17a)  

90% (v/v) , , ODS
, HPLC  (Fig. 

18)  

Fig. 17. The inhibitory effect of fractions after HPLC on the release of IL-8 from HuH-7 cells (a) and cell viability 

assay after treatment (b).  

The six fractions were diluted and added to the HuH-7 cell culture at 6.25 g/mL. The culture supernatant was obtained 

after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± standard 

deviation, (n=3). **P < 0.01 vs control.  
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4 , P1 S1 P1
MS , C6H6O2 [M]  (m/z 110.0) , 

S1 , C15H18O4Na [M + Na]  (m/z 285.11)  
, NMR ,  [35, 36] 

NMR  (Fig. 19, 21) Fig. 20, 22
, P1 catechol , S1 , seco-

tanapartholide C Catechol , , seco-
tanapartholide C 15 , SQL

, P4 , NMR , S1 seco-
tanapartholide C S6 , NMR , 

,  



Fig. 19. 1H NMR spectra (a) and 13C NMR spectra (b) of catechol. 

Fig. 20. Chemical structure and 1H and 13C NMR data (500 and 125 MHz, Methanol-d4) for catechol. 



Fig. 21. 1H NMR spectra (a) and 13C NMR spectra (b) of seco-tanapartholide C. 



Fig. 22. Chemical structure and 1H and 13C NMR data (500 and 125 MHz, Methanol-d4) for  

seco-tanapartholide C. 



HPLC  
 

Catechol seco-tanapartholide C , 90% (v/v) 
 ( 17 , 32 ) , HPLC

, catechol seco-tanapartholide C , 
17 , 32  (Fig. 23a, 24a) , 2

,  (Fig. 26, 27) Seco-
tanapartholide C , P3 , 

,  (Fig. 16) , seco-tanapartholide C
HPLC ,  (Fig. 25)  

Fig. 23. HPLC chromatograms of the fractions from F1-1. 



Fig. 24. HPLC chromatograms of the fractions from F1-2. 

Fig. 25. HPLC chromatograms of the re-purified seco-tanapartholide C. 



Fig. 26. The inhibitory effect of catechol on the release of IL-8 from HuH-7 cells (a) and cell viability assay after 

treatment (b).  

The catechol was diluted and added to the HuH-7 cell culture between 0.19–1.56 g/mL. The culture supernatant was 

obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed as the mean ± 

standard deviation, (n=3). **P < 0.01 vs control.  

Fig. 27. The inhibitory effect of seco-tanapartholide C on the release of IL-8 from HuH-7 cells (a) and cell viability 

assay after treatment (b).  

The seco-tanapartholide C was diluted and added to the HuH-7 cell culture between 0.78–6.25 g/mL. The culture 

supernatant was obtained after 24 h cultivation to measure the amounts of IL-8 by the ELISA method. Data are expressed 

as the mean ± standard deviation, (n=3). **P < 0.01 vs control.  



 
 

, Lb. plantarum SN13T
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90% (v/v) HPLC , 
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 (Fig. 13a, 13b)  
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, ODS , ODS HPLC , 

, 2 , catechol seco-tanapartholide C
 (Fig. 20, 22), ,  (Fig. 

23, 24), , ,  (Fig. 
26, 27) , 185 g 22.3 mg 18 
mg  

, seco-tanapartholide C guaianolide SQL , , , 
 [37]

artemisinin SQL , , 
 [38] SQL , 

 
, guaianolide , NF- B

 [37, 39] NF- , , 
 [40] Joshi-Barve , in vitro NASH

IL-8 , NF- B  [41] SQL
, α, β-

 [42] , SQL , NF- B
p65 DNA  (Cystein 38) , 

SQL , NF- B  [43, 44]  
Seco-tanapartholide C 2 α, β- , 
NF- B IL-8  (Fig. 28) NF- B

,  [40], , 
NF- B  ( , 

, ) , NF- B
I B  [45], SQL NF- B
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,  [46] , 
, , NO , 

NF- B iNOS  [47, 
48], IL-8 , NF- B  

SQL ,  [49] , 
1 , 

,  [50] , 
SQL , 5,000  [42] , 

, , SN13T
catechol seco-tanapartholide C , 

, seco-tanapartholide C , 
, 

,  [10], 
SN13T  

, SN13T 2 , SN35N
, , LP28

 (Fig. 13c, 13d) Sennoside - , 
Bifidobacterium , -

 [6–9] , LP28 - , 
, catechol seco-tanapartholide C

 
- , 

, SN13T
, , -

 [5], - , 
 

, seco-tanapartholide C Artemisia anomala , 
300 kg 10 mg ,  [36]

, Artemisia austro-yunnanensis (1.1–18.2 mg/3.9 kg) Artemisia princeps var. orientalis 
(0.75–1.25 mg/5 kg) SQL ,  [37, 51]

, 185 g 18 mg seco-tanapartholide C , 
 

, SN13T , 
, 

 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 28. The Mechanism of anti-inflammatory effect of SQL in NASH model. 
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1.  

Lactobacillus plantarum SN13T 
Lactobacillus plantarum SN35N 
Pediococcus pentosaceus LP28 

 
2.  

HuH-7 , JCRB Cell Bank  
 
3.  

, , , , , , , , , ,  ( , 
)  

 
4.  

IL-8 ELISA PEPLOTECH Co., Ltd. (Rocky Hill, USA)  
, , PBS, 0.5% –5.3 mmol EDTA , Cell Counting Kit-8 

(  ), E- , ELISA TMB
 ( , )  

 
5.  
(1)  

MRS  (Becton, Dickinson and Company) , 118℃, 15 , 
 

 
(2)  

10% FBS (biosera ), 100 IU/mL 100 g/mL  (
 ) D-MEM (low glucose) (  ) 

 
 
6.  
 (1) HuH-7  

HuH-7  10% FBS, 100 IU/mL 100 g/mL
D-MEM , 5% CO2 , 95% , 37℃ 100 mm

, 3 , 70% , 0.05%
–0.53 mmol/L EDTA 4Na (  ) 



 
 
(2) NASH  

0.1 M DMSO
HuH-7 10×104 cells/500 L/24 well plate , 24

1 : 2  ( 600 M) 
, 24   

 
(3)  

MRS , 28℃ , 8,000 rpm, 3 min
0.85% NaCl ,  

 
(4)  

 (5 g) 100 mL , 30 , , 
20℃ 15 3,000×g  

(ADVANTEC 2) , pH 6.0 100℃, 10 , 
0.85% (w/v) NaCl 0.85% (w/v) NaCl

SN13T 1% (v/v) , 28℃ 24
, 3,000×g 30

 
 
(5) Cell Counting Kit-8  

HuH-7 10×104 cells/500 L/24 well plate , 24 , 
24 , , 

Cell Counting Kit-8 (  ) WST-8 D-MEM (FBS free) 
, 1 , 450 nm

 
 
(6) ELISA IL-8  

HuH-7 24
, ELISA 10

Human IL-8 TMB ELISA Development Kit (PEPLOTECH Co., Ltd.) , 
 

 
(7)  (TG)  

HuH-7 24
, 8% 250 L , 30



, PBS 2 , 
E-  (  ) 250 L , 37℃ 30

, 600 nm  
 

(8)  
SN13T  (13T_0927396, 13T_1406781, 13T_1936231, 13T_2019236, 13T_2020787, 

13T_2048567, 13T_2214457, 13T_2366659, 13T_2488068, 13T_2717699, 13T_2719156), SN35N
(35N_0355982, 35N_1261462, 35N_1759082, 35N_1760634, 35N_1765166, 35N_2174088, 

35N_2406478, 35N_2407935) LP28  (LP28_0093716, LP28_0280530, LP28_0516515, 
LP28_1692859) -

, MEGA ver. 6.0 ClustalW , 
 

 
7.  
 (1)  

24 mL pH 7.5 , 
3 , , , 90% (v/v) 

, n- 3 , n- 3 4
10 mg/mL

[ : n- – 9.3 mg, 90% (v/v) – 11.4 mg, n-
– 72.9 mg, – 352.1 mg], [ : n- – 14.5 mg, 90% (v/v) 

– 15.2 mg, n- – 60.9 mg, – 349.5 mg]  
 
(2) HPLC  

90% (v/v)  (10 mg/mL) 
, ODS C18  (Hydrosphere C18, 5μm, Φ= 6 mm, L = 250 mm: YMC, , ) 

HPLC (JASCO , JASCO Corporation) 37°C
, 1.0 mL/min  (0%/0 min–100%/100 min

) UV , 210 nm 10 μL
 

 
(3)  

 (185 g) 3,700 mL , 30 , 
, 20℃ 15 3,000×g  (3,300 mL) 

 (ADVANTEC 2) , pH 6.0 100℃, 10
, 0.85% (w/v) NaCl SN13T

1% (v/v) , 28℃ 24 , 



3,000×g 30  
 
(4)  
[1]  

, 90% (v/v)  (2.1 g) 
, ODS

, HPLC  (E. Merck, Darmstadt, Germany) 
, 3

– –  [(100 0 0), (20 1 0), (10 1 0), (5 1 0), (7
3 1), (6 4 1), (0 100 0)] [(100 0
0) – 17.7 mg, (20 1 0) – 741 mg, (10 1 0) – 1030 mg, (5 1 0) – 193 mg, (7 3 1) – 46.7 
mg, (6 4 1) – 19.7 mg, (0 100 0) – 20.7 mg]  (20 1 0) 

 
 
[2] ODS  

(20 1 0) , ODS ( , , ) 
, 3

–  [(3 7), (4 6), (5 5), (6 4), (7 3), (8 2), (9 1), (10 0)] (10
0) , 2

[(3 7) – (83.7 mg, 155 mg), 
(4 6) – (72.7 mg, 45.3 mg), (5 5) – (27.2 mg 47.2 mg), (6 4) – (46.6 mg, 22.2 mg), (7 3) – (1.2 
mg,  2.1 mg), (8 2) – (3.2 mg, 0.8 mg), (9 1) – (5.5 mg, 5.8 mg), (10 1) – (19.2 mg)] 30% (v/v) 

2  (1-1, 83.7 mg) 
 (1-2, 155 mg)  

 
[3] HPLC 

ODS  (Inertsil ODS-3, 3 μm, Φ= 4.6 mm, L = 250 mm, GL Science, , ) 
HPLC 1-1 , 0.8 

mL/min 3  ( =1.5 0.8 7.7) 
RI-8020 ( , , ) , 5 , 

22.3 mg, 4.8 mg, 3.4 mg, 2.3 mg, 3.3 mg 1-2
, 3  ( = 2 1 7) 6

, 18.0 mg, 12.1 mg, 10.9 mg, 7.0 mg, 6.8 mg, 8.2 mg
, 1-1  

 
[4] Seco-tanapartholide C HPLC  

ODS  (COSMOSIL Cholester, 5 μm, Φ= 4.6 mm, L = 250 mm, Nacalai tesque, , 



) HPLC 0.8 mL/min 25%  
 
(5)  
[1]  (NMR)  

1H-NMR 13C-NMR , 500 
MHz 125 MHz JEOL JNM-LA500  

 
[2]  (MS)  

MS , Thermo Fisher Scientific LTQ Orbitrap XL (HR-ESI-MS) JEOL JMS-
T100GCV (GC-MS)  

 
8.  

,  (SD) (n = 2–3) 
, Tukey P < 0.05

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



[ ] 

 

1. Atanasov, A.G.; Waltenberger, B.; Pferschy-Wenzig, E.M.; Linder, T.; Wawrosch, C.; Uhrin, P.; Temml, 

V.; Wang, L.; Schwaiger, S.; Heiss, E.H.; Rollinger, J.M.; Schuster, D.; Breuss, J.M.; Bochkov, V.; 

Mihovilovic, M.D.; Kopp, B.; Bauer, R.; Dirsch, V.M.; Stuppner, H. Discovery and resupply of 

pharmacologically active plant-derived natural products: A review. Biotechnol. Adv. 2015, 33, 1582–

1614. 

 

2. Newman, D.J.; Cragg, G.M. Natural products as sources of new drugs over the 30 Years from 1981 to 

2010. J. Nat. Prod. 2012, 75, 311–335. 

 

3. Zhou, J.; Du, G.; Chen, J. Novel fermentation processes for manufacturing plant natural products. Curr. 

Opin. Biotechnol. 2014, 25, 17–23. 

 

4. Lee, N.K.; Paik, H.D. Bioconversion using lactic acid bacteria: Ginsenosides, gaba, and phenolic 

compounds. J. Microbiol. Biotechnol. 2017, 27, 869–877. 

 

5. Michlmayr, H.; Kneifel, W. -Glucosidase activities of lactic acid bacteria: Mechanisms, impact on 

fermented food and human health. FEMS Microbiol. Lett. 2014, 352, 1–10. 

 

6. Akao, T.; Che, Q.M.; Kobashi, K.; Yang, L.; Hattori, M.; Namba, T. Isolation of a human intestinal 

anaerobe, Bifidobacterium sp. strain SEN, capable of hydrolyzing sennosides to sennidins. Appl. 

Environ. Microbiol. 1994, 60, 1041–1043. 

 

7. Hattori, M. Intestinal Bacteria Play a Significant Role in the Medicinal Effects of Kampo Medicines. 

, 2012, 26, 159–169. 

 

8. Yang, L.; Akao, T.; Kobashi, K.; Hattori, M. A sennoside-hydrolyzing beta-glucosidase from 

Bifidobacterium sp. strain SEN is inducible. Biol Pharm Bull. 1996, 19, 701–704. 

 

9. Yang, L.; Akao, T.; Kobashi, K.; Hattori, M. Purification and characterization of a novel sennoside-

hydrolyzing beta-glucosidase from Bifidobacterium sp. strain SEN, a human intestinal anaerobe. Biol 

Pharm Bull. 1996, 19, 705–709. 

 

10. Di Cagno, R.; Mazzacane, F.; Rizzello, C.G.; Vincentini, O.; Silano, M.; Giuliani, G.; De Angelis, M.; 

Gobbetti, M. Synthesis of isoflavone aglycones and equol in soy milks fermented by food-related lactic 



acid bacteria and their effect on human intestinal caco-2 cells. J. Agric. Food Chem. 2010, 58, 10338–

10346. 

 

11. Rafii, F. The role of colonic bacteria in the metabolism of the natural isoflavone daidzin to equol. 

Metabolites 2015, 5, 56–73. 

 

12. Chen, F.; Wen, Q.; Jiang, J.; Li, H.L.; Tan, Y.F.; Li, Y.H.; Zeng, N.K. Could the gut microbiota reconcile 

the oral bioavailability conundrum of traditional herbs? J. Ethnopharmacol. 2016, 179, 253–264. 

 

13. Amaretti, A.; Raimondi, S.; Leonardi, A.; Quartieri, A.; Rossi, M. Hydrolysis of the rutinose-conjugates 

flavonoids rutin and hesperidin by the gut microbiota and bifidobacteria. Nutrients, 2015, 7, 2788–2800. 

 

14. Tsuchihashi, R.; Kodera, M.; Sakamoto, S.; Nakajima, Y.; Yamazaki, T.; Niiho, Y.; Nohara, T.; Kinjo, J. 

Microbial transformation and bioactivation of isoflavones from Pueraria flowers by human intestinal 

bacterial strains. J. Nat. Med. 2009, 63, 254–260. 

 

15. Cheng, J.R.; Liu, X.M.; Chen, Z.Y.; Zhang, Y.S.; Zhang, Y.H. Mulberry anthocyanin biotransformation 

by intestinal probiotics. Food Chem. 2016, 213, 721–727. 

 

16. Tan, J.S.; Yeo, C.R.; Popovich, D.G. Fermentation of protopanaxadiol type ginsenosides (PD) with 

probiotic Bifidobacterium lactis and Lactobacillus rhamnosus. Appl. Microbiol. Biotechnol. 2017, 101, 

5427–5437. 

 

17. Seong, J.S.; Xuan, S.H.; Park, S.H.; Lee, K.S.; Park, Y.M.; Park, S.N. Antioxidative and antiaging 

activities and component analysis of Lespedeza cuneata G. Don extracts fermented with Lactobacillus 

pentosus. J. Microbiol. Biotechnol. 2017, 27, 1961–1970. 

 

18. Sheih, I.C.; Fang, T.J.; Wu, T.K.; Chang, C.H.; Chen, R.Y. Purification and properties of a novel phenolic 

antioxidant from radix astragali fermented by Aspergillus oryzae M29. J. Agric. Food Chem. 2011, 59, 

6520–6525. 

 

19. Noda, M.; Danshiitsoodol, N.; Inoue, Y.; Okamoto, T.; Sultana, N.; Sugiyama, M. Antibiotic 

susceptibility of plant-derived lactic acid bacteria conferring health benefits to human. J. Antibiot. 

(Tokyo). 2019, 72, 834–842. 

 

20. Noda, M.; Shiraga, M.; Kumagai, T.; Danshiitsoodol, N.; Sugiyama, M. Characterization of the SN35N 

strain-specific exopolysaccharide encoded in the whole circular genome of a plant-derived 



Lactobacillus plantarum. Biol Pharm Bull. 2018, 41, 536–545. 

 

21. Yasutake, T.; Kumagai, T.; Inoue, A.; Kobayashi, K.; Noda, M.; Orikawa, A.; Matoba, Y.; Sugiyama, M. 

Characterization of the LP28 strain-specific exopolysaccharide biosynthetic gene cluster found in the 

whole circular genome of Pediococcus pentosaceus. Biochem. Biophys. Rep. 2016, 5, 266–271. 

 

22. Chavez-Tapia, N.C.; Rosso, N.; Tiribelli, C. Effect of intracellular lipid accumulation in a new model 

of non-alcoholic fatty liver disease. BMC Gastroenterol. 2012, 12, 20. doi: 10.1186/1471-230X-12-20. 

 

23. Catrysse, L.; van Loo, G. Inflammation and the Metabolic Syndrome. The Tissue-Specific Functions of 

NF- B. Trends Cell Biol. 2017, 27, 417–429. 
 

24. Kim, C.S.; Park, H.S.; Kawada, T.; Kim, J.H.; Lim, D.; Hubbard, NE.; Kwon, B.S.; Erickson, KL.; Yu, 

R. Circulating levels of MCP-1 and IL-8 are elevated in human obese subjects and associated with 

obesity-related parameters. Int. J. Obes. 2006, 30, 1347–1355. 

 

25. Hill, D.B.; Marsano, L.S.; McClain, C.J. Increased plasma interleukin-8 concentrations in alcoholic 

hepatitis. Hepatology 1993, 18, 576–580. 

 

26. Gao, B.; Tsukamoto, H. Inflammation in alcoholic and nonalcoholic fatty liver disease: friend or foe? 

Gastroenterology 2016, 150, 1704–1709. 

 

27. Chang, B.; Xu, M.J.; Zhou, Z.; Cai, Y.; Li, Man.; Wang, W.; Feng, D.; Bertola, A.; Wang, H.; Kunos, 

G.; Gao, B. Short- or long-term high-fat diet feeding plus acute ethanol binge synergistically induce 

acute liver injury in mice: An important role for CXCL1. Hepatology 2015, 62, 1070–1085. 

 

28. Bertola, A.; Park, O.; Gao, B. Chronic plus binge ethanol feeding synergistically induces neutrophil 

infiltration and liver injury in mice: A critical role for E-selectin. Hepatology 2013, 58, 1814–1823. 

 

29. Davidson, B.E.; Kordias, N.; Dobos, M.; Hillier, A.J. Genomic organization of lactic acid bacteria. 

Antonie Van Leeuwenhoek. 1996, 70, 161–183. 

 

30. Min, S.W.; Kim, N.J.; Baek, N.I.; Kim, D.H. Inhibitory effect of eupatilin and jaceosidin isolated from 

Artemisia princeps on carrageenan-induced inflammation in mice. J. Ethnopharmacol. 2009, 125, 497–

500. 

 

31. Kim, M.J.; Han, J.-M.; Jin, Y.-Y.; Baek, N.-I.; Bang, M.-H.; Chung, H.-G.; Choi, M.-S.; Lee, K.-T.; Sok, 



D.-E.; Jeong, T.-S. In vitro antioxidant and anti-inflammatory activities of jaceosidin from Artemisia 

princeps Pampanini cv. Sajabal. Arch. Pharm. Res. 2008, 31, 429–437. 

 

32. Lee, S.G.; Lee, H.; Nam, T.G.; Eom, S.H.; Heo, H.J.; Lee, C.Y.; Kim, D.-O. Neuroprotective Effect of 

Caffeoylquinic Acids from Artemisia princeps Pampanini against Oxidative Stress-Induced Toxicity in 

PC-12 Cells. J. Food Sci. 2011, 76, 250–256. 

 

33. Chadwick, M.; Trewin, H.; Gawthrop, F.; Wagstaff, C. Sesquiterpenoids lactones: Benefits to plants and 

people. Int. J. Mol. Sci. 2013, 14, 12780–12805. 

 

34. Ivanescu, B.; Miron, A.; Corciova, A. Sesquiterpene Lactones from Artemisia Genus: Biological 

Activities and Methods of Analysis. J. Anal. Methods Chem. 2015, doi: 10.1155/2015/247685. 

 

35. Liang, Y.F.; Li, X.; Wang, X.; Zou, M.; Tang, C.; Liang, Y.; Song, S.; Jiao, N. Conversion of simple 

cyclohexanones into catechols. J. Am. Chem. Soc. 2016, 138, 12271–12277. 

 

36. Zan, K.; Chen, X.Q.; Fu, Q.; Shi, S.P.; Zhou, S.X.; Xiao, M.T.; Tu, P.F. 1, 10-Secoguaianolides from 

Artemisia anomala (Asteraceae). Biochem. Syst. Ecol. 2010, 38, 431–434. 

 

37. Liu, L.; Dai, W.; Xiang, C.; Chi, J.; Zhang, M. 1,10-Secoguaianolides from Artemisia austro-

yunnanensis and their anti-inflammatory effects. Molecules 2018, 23, 1–14. 

 

38. Ghantous, A.; Gali-Muhtasib, H.; Vuorela, H.; Saliba, N.A.; Darwiche, N. What made sesquiterpene 

lactones reach cancer clinical trials? Drug Discov Today. 2010, 15, 668–678. 

 

39. Makiyi, E.F.; Frade, R.F.M.; Lebl, T.; Jaffray, E.G.; Cobb, S.E.; Harvey, A.L.; Slawin, A.M.Z.; Hay, 

R.T.; Westwood, N.J. Iso-seco-tanapartholides: Isolation, synthesis and biological evaluation. European 

J. Org. Chem. 2009, 5711–5715. 

 

40. Taniguchi, K.; Karin, M. NF- B, inflammation, immunity and cancer: Coming of age. Nat. Rev. 

Immunol. 2018, 18, 309–324. 

 

41. Joshi-Barve, S.; Barve, S.S.; Amancherla, K.; Gobejishvili, L.; Hill, D.; Cave, M.; Hote, P.; McClain, 

C. Palmitic acid induces production of proinflammatory cytokine interleukin-8 from hepatocytes. 

Hepatology 2007, 46, 823–830. 

 

42. Chadwick, M.; Trewin, H.; Gawthrop, F.; Wagstaff, C. Sesquiterpenoids Lactones: Benefits to Plants 



and People. Int. J. Mol. Sci. 2013, 14, 12780–12805. 

 

43. García-Piñeres, A.J.; Castro, V.; Mora, G.; Schmidt, T.J.; Strunck, E.; Pahl, H.L.; Merfort, I. Cysteine 

38 in p65/NF-κB Plays a Crucial Role in DNA Binding Inhibition by Sesquiterpene Lactones. J. Biol. 

Chem. 2001, 276, 39713–39720. 

 

44. García-Piñeres, A.J.; Lindenmeyer, M.T.; Merfort, I. Role of cysteine residues of p65/NF-κB on the 

inhibition by the sesquiterpene lactone parthenolide and N-ethyl maleimide, and on its transactivating 

potential. Life Sci. 2004, 75, 841–856. 

 

45. Higuchi, Y.; Kawakami, S.; Hashida, M. Development of Cell-selective Targeting Systems of NFκB 

Decoy for Inflammation Therapy. YAKUGAKU ZASSHI 2008, 128, 209–218. 

 

46. Pandey, K.B.; Rizvi, S.I. Plant polyphenols as dietary antioxidants in human health and disease. Oxid 

Med Cell Longev. 2009, 2, 270–278. 

 

47. Fernando, I.P.S.; Nah, J.W.; Jeon, Y.J. Potential anti-inflammatory natural products from marine algae. 

Environ. Toxicol. Pharmacol. 2016, 48, 22–30. 

 

48. Kazłowska, K.; Hsu, T.; Hou, C.C.; Yang, W.C.; Tsai, G.J. Anti-inflammatory properties of phenolic 

compounds and crude extract from Porphyra dentata. J. Ethnopharmacol. 2010, 128, 123–130. 

 

49. Heinrich, M.; Robles, M.; West, J.E.; Ortiz De Montellano, B.R.; Rodriguez, E. Ethnopharmacology of 

Mexican asteraceae (compositae). Annu. Rev. Pharmacol. Toxicol. 1998, 38, 539–565. 

 

50. Valdés, L.; Cuervo, A.; Salazar, N.; Ruas-Madiedo, P.; Gueimonde, M.; González, S. The relationship 

between phenolic compounds from diet and microbiota: impact on human health. Food Funct. 2015, 6, 

2424–2439. 

 

51. Cho, S.-H.; Na, Y.-E.; Ahn, Y.-J. Growth-inhibiting effects of seco-tanapartholides identified in 

Artemisia princeps var. orientalis whole plant on human intestinal bacteria. J. Appl. Microbiol. 2003, 

95, 7–12. 

 

 

 

 

 



[ ] 

 
, , , 

,    
 

, , , 
,    

 
, , ,   ,   

  , , , 
 

 
, , ,  

   
 

, ,   ,   
,   ,  

 
, ,   ,  

Narandalai Danshiitsoodol , Nasrin Sultana , Rakhimuzzaman Md , 
 

 
, ,     

 
 

, ,   ,   
,    

 
, , 

     ( JA  ),   ,  
  ,   ,  

 
, ,   , 

  ,   ,   ,    
 
 



, , ,  
   

 
, ,    ,    

, ,    , , 
, ,  

 
 

2020 3  
  


