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efficiency of gardenia extract in treating 
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Helicobacter pylori infection is associated with chronic gastritis, peptic 

ulcers, and gastric cancer. About 50% of the population in the world is 

infected by H. pylori. Furthermore, 70% to 95% of H. pylori-infected 

patients are suffering from peptic ulcer. Gardenia has been used as an 

herbal medicine to treat liver and gall bladder disorders such as hepatitis 

and acute jaundice, as well as inflammation and fever in Chinese 

medicine for many years. The effective pharmacological actions, such as 

protective activity against oxidative damage, as well as cytotoxic, and 

anti-inflammatory activities, have been demonstrated. Geniposide is one 

of the major iridoid glycosides in gardenia fruit and is transformed into 

genipin by bacterial enzymes in the intestine and then absorbed. In our 

study, it has showed that the anti-H. pylori activity of genipin was as 

least 20-fold higher than that of geniposide. And genipin could also 

decress the mRNA expression of vacA gene and the invasion ability of H. 

pylori, and change the morphoragy of bacteria. Infection-induced 

inflammation and oxidactive stress were suppressed by it. Therefore, the 

biotransformation by bacterial enzymes is important for the bioactivity 

of herbal compounds. We screened 68 filed-isolates, Lactobacillus 

rhamnosu JB3 showed the best β-glucosidase. Thus, JB3 was used to 

convert gardenia extract (GE) into genipin. The converted GE showed 

similar bioactivities to genipin. In mouse-infecion model, the treatment 

combined JB3 and GE could significantly decrease H. pylori infection 

and H. pylori-specific IgA, IgG, and IgM levels, and also 
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infection-induced IFN-γexpression in serum. This design could not only 

provide a new treatment of H. pylori infection and also over come the 

problem that antibiotic treatment caused by disturbing the proper 

function of the intestinal flora. 
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 (Helicobacter pylori) 

50 %  [1] H. pylori

 (chronic gastritis)  (gastric ulcer) 

 (duodenal ulcer)  (mucosa 

associated lymphoid tissue lymphoma)  (gastric cancer) 

 [2-3]  (World Health Organization, WHO) 

 (National Institutes of Health, NIH) H. 

pylori  [4-5]  

H. pylori

85 - 90 % [6-7]

H. pylori amoxicillin 36 % [8]

H. pylori  clarithromycin

18 % [9] H. pylori metronidazole

50 % [10]

20 %  [11] 
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 [12]

 H. pylori  

 H. pylori  H. 

pylori 

 [6,13-14]

 H. pylori  

 [15-16]  (geniposide)  

geniposide  β-  (β-glucosidase)  

(genipin) [17]  Geniposide 

 [16,18-21]  Genipin 

crosslinking

 [22]  genipin  [23]

 [24]  genipin 
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 [25]  geniposide  genipin  

H. pylori 

genipin  0.5 mM  geniposide  

10 mM  H. pylori  genipin  geniposide 

 20  genipin  (human 

gastric cancer epithelial cells, AGS cells)  

genipin  H. pylori 

 geniposide  genipin 

 

[26]  β-glucosidase 

 [27-30] 

β-glucosidase

 (allergies)  (diarrhea)  (ulcerative colitis) 

 H. pylori  [31- 32] 

 H. pylori 
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 H. pylori  [32-33]  

 H. pylori 

 

geniposide  genipin  H. pylori 

 H. pylori 

 

 

 

 

 

 

 

 

 

 



 

 - 5 - 

 

 

 

 H. pylori  1982 Dr. Barry J. Marshall Dr. Robin J. 

Warren  [34] 

 H. pylori 

 Dr. Barry J. Marshall  H. pylori 

 2005  Dr. 

Barry J. Marshall  Dr. Robin J. Warren 

  

 H. pylori  (Campylobacter pyloridis ) 

 Campylobacter pylori  1989 

 (Campylobacte) 

 (Helicobacter  Helicobacter pylori [35]  
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 H. pylori 

 [36] 

 90   30 % 

 [37]  

 H. pylor  (non-ulcer 

dyspepsia)  (stomach and esophageal reflux) 

 10 - 15 % 

 

(atrophic chronic gastritis) 

 [38-39]  

 

 H. pylori  (micro-aerophilic) 

 2.5 - 5.0 μm  0.5 - 1.0 μm 4 - 6

 H. pylori U
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,  [40-43]  H. pylori 

 [40]  BALB/c 

 H. pylori 

 [40-41]  H. pylori 

 30 % 

 H. pylori  [41]

 H. pylori  [42]  H. pylori 

 

 H. pylori  26695  J99  

HAG1 [44-45]  H. pylori  1.6 - 1.7 megabase 

(Mb)  CG  39 % 

 H. pylori  

 

 H. pylori  (urease)  

(flagella)  (adherence factors)  vacuolating cytotoxin A 
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( VacA )   cag pathogenic island (cag-PAI)  

 H. 

pylori 

 class II major histocompatibility complex (MHC) 

 [46]  H. pylori 

 [47- 48]  

 [49]

neutrophil-activating protein (NAP)  adherence-associated protein A/B 

(AlpAB)  HopZ heat shock protein (Hsp)  blood group antigen-binding 

adhesion (BabA)  sialic acid-binding adhesion (SadA) [51-57]  H. 

pylori 

 

VacA  vacA 
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[58-59]  VacA  (endocytosis) 

 [60]  

VagA  cytochrome c  

[61]  

 

VacA  [58] 

cag –PAI  H. pylori  [44]  IV 

 [62]  IV  H. 

pylori  cytotoxin-associated gene A 

(CagA ) CagA  (hummingbird 

phenotype) 

 [63-66]  

 H. pylori CagA  
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nuclear factor-κB (NF-κB)  interleukin-8 (IL-8) IL-8 

 (neutrophil)  (monocyte) 

 (reactive oxygen 

intermediate, ROI)   [67-70]  VacA 

 cytochrome c  caspase 3  H. 

pylori  interleukin-12 (IL-12)  T 

cells  interleukin-1 β (IL-1 β)  tumor necrosis 

factor –α (TNF- α)  [71-72]  

L-arginine  nitric oxide (NO)  H. pylori  [73]  H. 

pylori  (immunoglobulin, Ig) 

IgA  IgG  IgM  H. pylori  [74]  

 

 H. pylori 

-13

-14  (enzyme-linked 
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immunosorbent assay, ELISA)  (latex 

agglutination)  (immunochromatography) 

 [77]  

 H. pylori 

 H. pylori 

pH 

24

 [78-79]  

 

 H. pylori  Hematoxylin-Eosin (HE) 

 Warthin-Starry stain  Giemsa stain  Genta stain 

 [80] 

 Giemsa stain  

[81]  

 H. pylori  100 %
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[82-83]  

 DNA 

 H. pylori  

 (urea breath test, UBT) -13  (C13 urea 

breath test) -14  (C14 urea breath test) 

-12  H. pylori [84 - 76] - 13 

- 14  H. pylori 

- 13 

- 14 - 12  [85-86] 

- 14 - 13 

 (scintillation counter)  

 H. pylori  (IgG IgA  

IgM)  ELISA  H. pylori 

 [87]  
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 Helicobacter pylori stool antigen (HpSA) 

ELISA  H. pylori  HpSA  H. 

pylori 

 [88-92]  

  H. pylori 

 amoxicillin  24 - 30 % [77] 

 (bismuth compound)  (proton 

pump inhibitors, PPI) 

 H. pylori 

 H
+
, K

+
-ATP ase 

 pH  [93-99] 

 85 - 90 % [6-7] 

 (histamine H2-receptor antagonists, H2RA) 

 H
+
, 

K
+
-ATP ase 
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 amoxycillin  clarithromycin  metronidazole  tetracycline

 H. pylori  amoxicillin  36 % [8] 

 H. pylori  clarithromycin 

 18 % [9]  H. pylori  etronidazole  

50 % [10]

 20 %  [11] 

 [12]  

 H. pylori  H. 

pylori 

 H. pylori 

 [6,13-14]  

 H. pylori 

 [32] 
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 H. pylori  H. 

pylori  [32-33]  

 

  

 (lactic acid bacteria) 

  

[100-101]  

(homofermentation)  (heterfermentation) 

 [32]

 

Probiotics

[102]
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 (Lactobacillus) 

 (Bifidobacterium )  (Streptococcus) [32]  

 pH 

 L. 

acidophilus

 Salmonella Typhimurium  Escherichia coli  Yersina 

pseudotuberculosis  Listeria monocytogenes  

(Caco-2)  [103]  L. lactis  (nisin) nisin

1969

/ nisin

 (Food and Drug Administration, FDA) 

1988 nisin

 [104]  [105] 

 (antibiotic-associated diarrhea) [106]  (traveler’s 

diarrhea) [107] 

 [32]  
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 L. rhamnosus GG (LGG ) 

 [108] 

 [109-110]  IgA 

 IFN-γ  [111]   

 

 

[26]  β-glucosidase  (glycosidase) 

 [112] 

 β-glucosidase  β-glucosidase

 [113] 

 β-glucosidase 

 [112, 114] 

 β-glucosidase  

[115]  β-glucosidase 

 [116-117]  
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 Gardenia jasminoides

 (Rubiaceae) 

 (Gardenia) 

 [19] 

 

 (yellow carotenoid 

pigments)  (iridoid omponents) 

 (crocin)  (crocetin) 

 [118] 

genipin  (gardenia 

blue)  

[119] gardenia blue  

[109,120-121]  
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 [122] 

 [123]  

 

 geniposide  genipin

 (gardenoside)  (shanzhiside)  

(gardoside)  (geniposidic acid  (gardenin) 

 (scandoside methyl ester)  geniposide 

 [124-126]  

(A) Geniposide  β-1,4-  

β-glucosidase  genipin ( (B))  

[17]  

 

(A)  (B)  
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( )  

Methyl 9-(hydroxymethyl)-2-[3,4,5 - trihydrox-6-(hydroxymethyl) 

oxan-2-yl]oxy-3-oxabicyclo[4.3.0]nona-4,8-diene-5-carboxylate 

388.36 

 Geniposide

 [16]  geniposide

5-lipoxygease  [127] 

glutathione  [128] 

 [129-130]   

( )   

Methyl2-hydroxy-9-(hydroxymethyl)-3-oxabicyclo[4.3.0]nona -4, 

8 - diene-5-carboxylate  

226.23 

Genipin 

genipin  genipin  genipin 
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 [22 132-133] 

 genipin 

  [23-25]  

genipin  (gardenia 

blue)

 [132-135]  
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 (gardenia extract ,GE) 

  (high-performance liquid chromatography, 

HPLC) geniposide genipin  [16]  

  

( )   

 2.0 mg  (caffeic acid, CA) (Sigma Chemical Co., 

USA)  (LC Grade) (J. T. Baker , USA)  2.0 ml  

1.0 mg/ml  20.0 μg/ml  

 2.0 mg methylparaben (MP)  (ethyl 

ethanoate)  2.0 ml 1.0 mg/ml

 20.0 μg/ml  

( )    

 10 mg geniposide (Wako Pure Chemical Industries, Ltd.

Japan)  2.0 ml  0.5 mg/ml  
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-20  

 20 mg genipin (Challena Bioproducts Induster, Ltd USA) 

 2.0 ml  1.0 mg/ml genipin

 

 HPLC  

• Apollo C18 5 μ (250 × 4.6 mm) (P.J. Cobert Associates, 

Inc. USA)  

• 0.1 % phosphoric acid : acetonitrile = 85:15 

• 15 min 

• 1.0 ml/min 

• 240 nm 

• 20.0 μg/ml CA 

  

100 μl geniposide  900 μl 50 μg/ml

25  12.5  6.25  3.125  1.0625 

μg/ml  6  50 μl  
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(20.0 μg/ml CA) methanol 50 μl HPLC

geniposide

 

HPLC  

• Apollo C18 5 μ (250 × 4.6 mm)  

• 0.1 % phosphoric acid : acetonitrile = 78:22 

• 30 min 

• 1 ml/min 

• 240 nm 

• 1.0 μg/ml MP 

 

 100 μl genipin (1.0 mg/ml)  900 μl  100 

μg/ml  50 25 12.5 6.25 3.125 

μg/ml  100 μl  900 μl 

 300 μl  (10 μg/ml MP)  

 10,000 ×g  10 

 50 μl  HPLC  genipin 
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 H. pylori  H. pylori 26695 (ATCC 700392)  H. 

pylori v633  H. pylori v1254  H. pylori v1354  ATCC 

700392 

 [134-135]  ATCC 700392 

 H. pylori  Brucella broth (BD, USA)  5 % sheep 

blood (TPM, Taiwan)  12 % agar 

 GasPak™ EZ Campy Container System Sachets (BD, USA) 

37  48  

 

 

 67  1 
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 phosphate buffred saline (PBS) buffer (8 g phosphate-buffered 

saline sodium chloride  0.2 g potassium chloride  2.16 g sodium 

phosphate dibasic heptahydrate  0.2 g potassium dihydrogen 

phosphate  1 l ) 100  100 μl 

 deMan-Rogosa- Sharpe (MRS) broth (BD, USA)  1.5 % agar 

( Bio Basic, Canada )  37  

 18 

 MRS  

37  18  

(stock)   

 stock  MRS 

 18  MRS 

 MRS broth  37   (130rpm)  8 

 OD600 = 0.1  37   16 

 

 



 

 - 27 - 

 

 (minimum bactericidal concentration, MBC) 

 99.9 %  

 

 H. pylori  10 %  (fetal 

bovine serum, FBS)  Brucella broth  10
6 

 colony - forming 

unit (CFU) /ml  100 μl  96  100 μl  10 % 

FBS  Brucella broth  geniposide genipin  GE  

genipin  4 mM  0.032 mM geniposide  10 

mM  0.075 mM GE  2 %  0.015 %  GasPak™ 

EZ Campy Container System Sachets (BD, USA) 37  24 

 24  10 μl/well  

GasPak™ EZ Campy Container System Sachets  37  

 48 

 3  
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 Mueller Hinton broth (BD, USA) 

 10
6 

CFU/ml  100 μl  96  100 μl  

Mueller Hinton broth  geniposide genipin  GE  

genipin  4 mM  0.032 mM geniposide  10 

mM  0.075 mM GE  2 %  0.015 %  37   24 

10 μl/well  MRS  37  18 

 3  

 

 

 (Scanning electron microscopy, SEM) 

 (secondary electrons) 

 

 6  1 ml  H. pylori (10
9 

CFU/ml)  1 ml  PBS 

 2 mM genipin  GasPak™ EZ Campy Container System Sachets
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 37  6  12,000 rpm  5 

 PBS  3  1 ml 37 % 

 1  pH = 7.3  0.1 M 

 2.5   (Glutaraldehyde) 

 (30 50 70 85 95 ) 

 15 kV 

(Hitachi S-4700, Hitachi, Japan) 

 10,000  

 

 

 (human gastric cancer epithelial cell line, 

AGS cells)  (mouse leukaemic monocyte 

macrophage cell line, RAW 264.7 cells

 AGS cells 10 % 

FBS  1 % PSA (100 units/ml  penicillin  0.1 mg/ml streptomycin 
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0.25 μg/ml amphotericin B) Roswell Park Memorial Institute medium 

(RPMI1640) (GIBCO USA) RAW 264.7 cells 10 % FBS

 1 % PS (100 units /ml penicillin 0.1 mg/ml streptomycin) 

Dulbecco's Modified Eagles Medium (DMEM) (GIBCO USA)  5 % 

CO2 37  

 

10 % dimethyl sulfoxide (DMSO) (siegma- 

aldrich USA) 4  30

-20  2  4  -80  

 

 

( )  

PBS 3 0.05 % trysin (Biological Industries Israel ) 

5 1,500 rpm 5  trysin
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( )  

1,000 rpm

5  

 

 

 

 

MTT (3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)

 (SDH) 

 MTT  OD  

MTT  [139]  

100 μl AGS cells (10
4
 CFU/well)  96  37   18 

 24  100 μl/well  RPMI 1640 

 geniposide genipin  GE  genipin  4 mM  0.032 

mM geniposide  10 mM  0.075 mM GE  2 % 
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 0.015 %  37  24  PBS 3

100 μl MTT  3  4  100 μl/well  

DMSO  MTT  OD570  3 

 

 

 typan blue 

(Biological Industries Israel) 

typan blue

 

100 μl RAW 264.7 cells (10
5
 CFU/well)  96 37  

 24  100 μl/well  DMEM  

geniposide genipin  GE  genipin  4 mM  0.032 mM

geniposide  10 mM  0.075 mM GE  2 %  

0.015 %  37   24  typan blue  1 1
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4  3 

 

 (cell/ml)  = /5 ×  × 10
4 

 

β-  

 

  16S rDNA  rDNA 

 1.  genomic DNA 2.  

( polymerase chain reaction PCR)  16S rDNA  3.

 16S rDNA  

  1 ml  13,000 rpm  2 

 Tissue & Cell Genomic DNA Purification Kit (GeneMark, 

Taiwan)   DNA  180 μl lysozyme buffer 

(20 mM Tris(hydroxymethyl) aminomethane-HCl (Tris-HCl)  pH 8.0 2 

mM Ethylenediaminetetraacetic acid (EDTA)  1.2 % Triton X-100  4 

mg lysozyme powder)  37   30 
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 200 μl extraction solution  20 

μl proteinase K solution  56   3  

200 μl binding solution  70   10  column

 200 μl  99 % ethanol  13,000 rpm  1 

 300 μl binding solution  13,000 rpm  1 

 700 μl wash solution  13,000 rpm  1 

 13,000 rpm  3 100 μl  

(70 ) 13,000 rpm  1 DNA  

 DNA  PCR  16S rDNA  5 μl  

DNA 5 μl  PCR Master Mix (GeneMark, Taiwan) 1 μl  forward 

(5’- CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG -3’)  

reverse (5’- CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC -3’) 

[136] 13 μl  PCR  95   

5  DNA  35  DNA

 95   DNA  (denaturation) 1  63 

 1  DNA  (annealing  72  DNA 
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 (extension)  2  72 DNA  15 

 4   

PCR

 ABI3730  Sanger Method (dideoxy nucleotide chain 

termination)   16S rDNA  

 National Center for Biotechnology Information 

(NCBI)  Basic Local Alignment Search Tool (BLAST) 

nucleotide blast ( http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM = 

blastn&BLAST) 16S rDNA

 

β-  

 ρ-Nitrophany-β-D-Gluopyranoside (Sigma-aldrich
TM 

USA)  

 β-glucosidase  ρ-nitrophenyl (

)  β-glucosidase  [137]  

 1.5 ml  13,000 rpm 

 2 300 μl  A buffer (0.1 M 
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disodium hydrogen phosphate-citric acid pH 5.8) 

100 μl  OD600  100 μl 

  15 μl  10 mM  0.1 M sodium phosphate  

ρ-NPG  37  

 900 μl  (0.25 M 

sodium carbonate pH=10.0) 

13,000 rpm 10 100 μl OD400

3  

 

 (Unit) = (OD400 × 1000) / OD600 ×V×T V ml

T min  

 

 

β-  
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Brain-Heart Infusion (BHI)  3  

[138]  BHI 

 (2.5 × 10
7 
CFU/ml 5 × 10

7
 CFU/ml 1 × 10

8
 CFU/ml

2 × 10
8
 CFU/ml 4 × 10

8
 CFU/ml)  0.4 %  GE

 37  1  4   12,000 ×g  5 

 0.2 μm 

 - 20  

 

Group Treatment 

B-1 0.4 % GE + 2.5×10
7
 CFU/ml JB3 

B-2 0.4 % GE + 5×10
7
 CFU/ml JB3 

B-3 0.4 % GE + 1×10
8
 CFU/ml JB3 

B-4 0.4 % GE + 2×10
8 

CFU/ml JB3 

B-5 0.4 % GE + 4×10
8 

CFU/ml JB3 
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 (2.5×10
8
 CFU/ml

2.5×10
9
 CFU/ml 2.5×10

10
 CFU/ml)  0.5 % 1 % 2 % 4 % GE 

6 ml ( )  300 μl  3 

 (10 μg/ml MP)  300 μl  

10,000 ×g  10  37 

  1 5 15 30 60  3 

 300 μl  10,000 ×g  10

 4  HPLC 

 50 μl  3  

 

Group Treatment 

BA-1 1 % GE + 2.5×10
8 

CFU/ml JB3 

BA-2 1 % GE + 2.5×10
9 

CFU/ml JB3 

BA-3-1 0.5 % GE + 2.5×10
10

 CFU/ml JB3 

BA-3-2 1 % GE + 2.5×10
10

 CFU/ml JB3 

BA-3-3 2 % GE + 2.5×10
10

 CFU/ml JB3 

BA-3-4 4 % GE + 2.5×10
10

 CFU/ml JB3 
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 AGS cells (5×10
4
 cell/well)  multiplicity of infection (MOI) =10 

 H. pylor  37  6 

 PBS  3  200 μl  0.05 % trysin  5  

800 μl  RPMI 1640 

 GasPak™ EZ Campy Container System Sachets 

37  2  3 

 1 

 (association rate) 

 H. pylori  AGS cells  PBS  3  100 

μl/ml  10 mM gentamicim (GIBCO USA)  2 

 

(invasion rate)  association rate  invasion rate  

(adhesion rate)  3  
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-8  

 H. pylori  (MOI=100)  AGS cells (5x10
4
 cell/well) 

 37   6 

 IL-8  human IL-8/NAP-1 module set (Bender 

MedSystems Inc. USA)  PBS  capture antibody

5 μg/ml  coating buffer  96  100 μl coating buffer 

 4   16  coating buffer  250 μl wash buffer  

(PBS  0.05 % Tween-20)  1  200 μl assay buffer 

 2  assay buffer  250 μl wash buffer  2  96 

 50 μl/well  assay buffer 

 assay buffer  1,000  50 μl  

biotin-conjugate  1  250 μl wash Buffer  3 

 100 μl tetramethylbenzidine (TMB)  substrate solution 

5  ( )  4 N sulfuric acid  OD450 

 IL-8 

3  
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 (NO)  NO 

 NO  (nitrite)   

(nitrate)  Griess Reagent 

 NO  

 H. pylori (MOI=100)  AGS cells (5x10
4
 cell/well) 

 37  6  96  100 

μl  4 % Griess reagent 

powder  15  OD570 

 NO  3  

 200 mM  sodium 

nitrite  PBS  200 μM

 100μM 50μM 25μM 12.5μM 6.25μM 3.125μM 
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4  C57BL/6 

 (  23 ± 2 55 % ± 5 %

12 / 12 )  

 10  10 

 200 μl 5×10
9
 CFU  H. pylori  3 

genipin GE  GE 
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Group Treatment 

Control 0.2 ml of Water (not infected) 

Infection 0.2 ml of Water 

GN 10 0.2 ml of 10 mM genipin 

GN 20 0.2 ml of 20 mM genipin 

G 0.2 0.2 ml of 2 % GE 

G 0.4 0.4 ml of 2% GE 

L 0.2 0.2 ml of 2.5×10
10

 CFU/ml JB3 

L 0.4 0.4 ml of 2.5×10
10

 CFU/ml JB3 

LG 0.2 0.2 ml of 2 % GE and 2.5×10
10

 CFU/ml 

LG 0.4 0.4 ml of 2 % GE and 2.5×10
10

 CFU/ml 

 (800 μl 1 ml)  

3,000 rpm 10

500 μl PBS 4 

12,000 rpm 5 mRNA  

 

RNA  

mRNA  

 lysozme (GeneMark USA)  TE buffer (100 mM Tris-Cl pH 
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8.0 10mM Ethylenediaminetetraacetic acid, EDTA  pH 8.0) 4 

μg/ml 100 μl 30

10 1 500 μl Trisolution (GeneMark USA) 

5 4 12,000 ×g 10

200 μl chloroform 15

4 12,000 rpm 15

 isopropenol  - 20 2 4 12,000 rpm

15 1ml 70 % 4 2,000 rpm

15 2 30 μl 

diethylpyrocarboate (DEPC)  water -80 

OD260 mRNA  

mRNA mRNA  (ng/μl)  =OD260 × × 40  

 

 5μl 1 ng/μl mRNA 2 μl random hexamer 8.3 μl DEPC water

65 5  4 μl 5× reation buffer 2 μl 10 mM dNTP 

Pre-Mix 0.5 μl M-MuLV 25 10 42 1
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70 10 mRNA cDNA  

 

 

cDNA

 (Real-Time Quantitative polymerase chain reaction) 

Quantitative PCR 2X Power SYBR Green PCR Master Mix (Applied 

Biosystems USA) 200 mM forward (5’- CTGGAGCCGGGAGGAAA 

G -3’)  reverse (5’- GGCGCCATCATAAAGAGAAATTT -3’) 

vacA  95 10  DNA 

40 DNA 95 15

60 1 Applied Biosystems 

7300 Real-Time PCR system comparative CT method  

 

 

 H. pylori  IgA IgG  IgM 

 PBS  H. pylori  70 30
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 5,500 rpm  15  coating buffer  

(8.4 g  sodium bicarbonate 3.56 g  sodium chloride

 1 l, Ph = 9.5)  100 μl/well  96 

 10
6 

CFU  H. pylori  4  16  coating 

buffer  250 μl wash buffer  1  200 μl assay diluent (PBS

 1 % BSA)  1  assay diluents  250 μl wash 

buffer  2  96 2

 2  250 μl wash buffer  3  100 μl antibody 

(IgA IgG  IgM)  1  250 μl wash buffer  4 

 100 μl substrate solution  5-10  ( )  

 4 N sulfuric acid  OD450 

 

 

-γ  

 IFN-γ  Mouse IFN-γ ELISA 

MAX™ Standard (Biolegend
R
, USA)  96  100 μl 
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coating buffer  0.005 %  capture antibody  4   16 

coating buffer  250 μl wash buffer  1  200 μl 

assay diluent  1  assay diluent  250 μl wash 

buffer  2  96  100 μl/well  assay diluent 

 2  2  

250 μl wash buffer  3  100 μl detection antibody  

1  250 μl wash buffer  3  100 μl avidin -HRP 

(horseradish-peroxidase)  30  250 μl wash buffer  

4  100 μl substrate solution  5-10  (

)  4 N sulfuric acid  OD450 

 

 

 

 Excel (version 7.0 Microsoft)  

(Paired t test) p

 0.05  
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 H. pylori  genipin  geniposide 

 H. pylori Genipin  4 

 H. pylori  v 633 v 1254

 v 1354 [134-135]  genipin 

genipin  geniposide 20  genipin 

 GE 2 

%  

 

GE geniposide genipin  H. pylori  

  26695 v633 v1254 v1354 

GE 2 % > 2 % > 2 % > 2 % 

Geniposide > 10 mM > 10 mM > 10 mM > 10 mM 

Genipin 0.5 mM 0.25mM 0.25mM 0.25mM 

 

 

 

strain 

compound 
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vacA  

 H. pylori 

 genipin  H. pylori 

 genipin  H. pylori  U  

 H. pylori  vacA RNA

 genipin  6  H. pylori  vacA  6  

( )  genipin  H. pylori 

 

 

 H. pylori  genipin (A) (B)  
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Genipin  H. pylori vagA RNA  (*

untreated  p < 0.05) 

 

 

 genipin  geniposide  GE  AGS cells 

Genipin 

 AGS  0.09 mM  (half maximal 

inhibitory concentration, IC50)  geniposide  15 mM  58 % 

 genipin  geniposide  167 
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(A) Genipin (B) geniposide  (C) GE  AGS cells 

 (*  p < 0.05) 
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 GE  geniposide  genipin  

HPLC GE  10,000  

geniposide  (A)  GE  100 

 genipin  (B)  

geniposide  genipin  GE  geniposide 

 437.1 mg/ml (438 mM)  genipin  5.9 mg/ml (26.3 mM)  

 

GE  (A) 10,000 geniposide  (B) 100 

genipin  
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 GE  β-glucosidase 

 16S 

rDNA  ( )  6  Enterococcus faecium 3

 L. acidophilus 2  L. fermentum CECT 5716 1  L. 

fermentum strain C65-1  5  L. plantarum 1  L. plantarum 

strain 70810 30  L. plantarum strain AF1 1  L. plantarum strain 

b2 1  L. plantarum strain CWBI B-1419 2  L. plantarum strain 

D14 6  L. plantarum strain KW30 3  L. plantarum strain 

MNFS-7 1  L. plantarum strain ZDY128 1  L. rhamnosus 1

 L. rhamnosus strain NWL28 4  Lactobacillus sp. T23/3  

ρ-NPG  β-glucosidase 

JB3 (L. rhamnosu )  16 178 units

β-glucosidase JB3  
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  (NCBI ) % β-glucosidase assay Unit * 

A1 L. plantarum strain AF1 98 % 62 

A2 L. plantarum 98 % 35 

A3 L. plantarum strain AF1 98 % 33 

A4 L. plantarum strain AF1 98 % 33 

A5 L. plantarum strain KW30 98 % 40 

A6 L. plantarum strain ZDY128 94 % 31 

A7 L. plantarum 97 % 25 

A8 L. plantarum strain KW30 97 % 25 

A9 L. fermentum strain C65-1 94 % 29 

B1 L. fermentum CECT 5716 98 % 25 

B2 L. rhamnosus strain NWL28 98 % 29 

B3 L. plantarum strain AF1 98 % 26 

B4 L. plantarum strain AF1 97 % 25 

B5 L. fermentum CECT 5716 97 % 24 

B6 L. plantarum strain AF1 98 % 23 

B7 L. plantarum strain CWBI B-1419 95 % 22 

B8 L. plantarum strain 70810 97 % 21 

B9 Enterococcus faecium 97 % 14 
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C2 L. plantarum strain AF1 98 % 26 

C3 Enterococcus faecium 94 % 102 

C4 L. plantarum strain KW30 97 % 23 

C5 L. plantarum strain b2 97 % 18 

C6 L. plantarum strain AF1 99 % 25 

C7 L. plantarum strain AF1 98 % 25 

C8 Enterococcus faecium 94 % 21 

C9 L. plantarum strain AF1 90 % 26 

D1 L. plantarum strain AF1 98 % 25 

D2 L. plantarum strain AF1 99 % 30 

D3 L. plantarum strain AF1 96 % 23 

D4 L. plantarum strain AF1 97 % 32 

D5 L. plantarum strain D14 98 % 30 

D6 L. plantarum strain AF1 98 % 29 

D7 L. plantarum strain AF1 98 % 35 

D8 Lactobacillus sp. T23/3 98 % 28 

D9 L. plantarum strain AF1 98 % 37 

E1 Lactobacillus sp. T23/3 97 % 31 

E2 L. plantarum 98 % 31 

E5 L. plantarum strain KW30 98 % 34 

E6 L. plantarum strain AF1 98 % 36 
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E7 L. plantarum strain AF1 97 % 28 

E8 L. plantarum strain KW30 96 % 27 

E9 L. plantarum strain AF1 98 % 33 

F1 L. plantarum strain AF1 99 % 28 

F2 L. plantarum strain D14 98 % 35 

F3 L. plantarum strain AF1 98 % 27 

F5 L. plantarum strain AF1 98 % 34 

F6 L. plantarum strain AF1 99 % 32 

F7 L. plantarum 98 % 42 

F8 L. plantarum strain MNFS-7 98 % 34 

G1 L. plantarum strain AF1 99 % 28 

G2 L. plantarum strain MNFS-7 98 % 31 

G5 L. plantarum strain MNFS-7 97 % 19 

G6 Lactobacillus sp. T23/3 97 % 28 

G7 Lactobacillus sp. T23/3 97 % 28 

G8 L. plantarum strain AF1 97 % 39 

G9 Enterococcus faecium 92 % 83 

H1 L. plantarum strain AF1 98 % 25 

H2 Enterococcus faecium 92 % 91 

H3 L. plantarum 98 % 28 

H5 Enterococcus faecium 85 % 90 
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H6 L. plantarum strain KW30 97 % 34 

H7 L. plantarum strain AF1 97 % 31 

H8 L. plantarum strain AF1 99 % 37 

H9 L. plantarum strain AF1 99 % 35 

in1 L. acidophilus 97 % 44 

in2 L. acidophilus 98 % 44 

MB-1 L. acidophilus 98 % 33 

JB3 L. rhamnosus 100 % 178 

*:  

 

 

 JB3  JB3  H. pylori 

 GE geniposide  genipin  JB3 

GE  genipin  JB3  H. 

pylori geniposide  JB3  

geniposide  genipin  
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GE geniposide genipin  H. pylori JB3

 

  26695 JB3 

GE 2 % > 2 % 

Geniposide > 10 mM 5 mM 

Genipin 0.5 mM 4 mM 

 

 

 JB3  GE  HPLC JB3

 GE  genipin  2.5 × 10
8 

CFU/ml  2.5 × 10
9 

CFU/ml  2.5 × 10
10 

CFU/ml  JB3  1  1 % GE 

 genipin  (A)  30  genipin 

 JB3 genipin 

 30 2.5 × 10
10 

CFU/ml JB3 (BA3-2 )  

genipin BA3-2  genipin  2.5 × 10
9 

CFU/ml (BA2 )  2.3 2.5×10
8 

CFU/ml (BA1 )  31.9 

 60  2.5×10
10 

CFU/ml  JB3  genipin 

2.5×10
9 

CFU/ml  1.8  

 genipin  2.5×10
10 

CFU/ml  JB3

compound 

strain 
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60  0. 5 % 1 %  2 %  4 % GE  genipin 

 (B)  GE genipin 

 60  0.5 %  1 % GE 

 genipin  GE  geniposide 

 genipin  gardenia blue 

  60 2 %  4 %  GE  genipin 

 2.5×10
10 

CFU/ml JB3  2 %  

GE  H. pylori  
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JB3 GE genipin (A)  2.5 × 10
8 

CFU/ml (BA-1 )  2.5 × 10
9 

CFU/ml (BA-2 )  2.5 × 10
10 

CFU/ml 

(BA3-2 )  JB3 1 % GE  genipin (B)  

2.5×10
10 

CFU/ml JB3  0. 5 % (BA3-1 ) 1 %(BA3-2 )  2 % 

(BA3-3 )  4 % (BA3-4 ) GE  genipin  

 

 

 genipin 

 GE 

 AGS cells  IC50  (0.4%)  JB3  37  

 60  

 GE  H. pylori 
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 H. pylori  AGS cells 

 HPLC  genipin  

geniposide  JB3  genipin

 

genipin  

Group Treatment Genipin (mM) Geniposide (mM) 

GE 0.4 % GE 0.0195  0.4802 

B-1 0.4 % GE + 2.5×10
7
 CFU/ml JB3 0.0252 0.4934 

B-2 0.4 % GE + 5×10
7
 CFU/ml JB3 0.0272 0.5812 

B-3 0.4 % GE + 1×10
8
 CFU/ml JB3 0.0365 0.4368 

B-4 0.4 % GE + 2×10
8 

CFU/ml JB3 0.0494  0.3936 

B-5 0.4 % GE + 4×10
8 

CFU/ml JB3 0.0795 0.3934 

 

 H. pylori B - 3 B - 4  B 

- 5 1  H. pylori 

 25 %  AGS cells  ( )

 H. 

pylori  
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 AGS cells  (* control

 p < 0.05) 

 

 

 H. pylori 

 B-3 B-4  B-5  20 - 30 % 

 H. pylori  
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 H. pylori  (* infection

 p < 0.05) 

 

 H. pylori  
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-8  

 H. pylori  IL-8 

 H. pylori AGS cells 6

 IL-8 B-4  

B-5  H. pylori IL-8

GE  B-1 IL-8  

 

 

 H. pylori  AGS cells IL-8  (*

infection  p < 0.05) 
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 H. pylori  RAW264.7 cells  6 

 B-3  B-4  

H. pylori  B-5  

gardenia blue  OD570 

 GE  RAW264.7 cells 

 6  GE 

 RAW 264.7 cells  

 

 H. pylori  RAW 264.7 cells

 (* infection  p < 0.05) 
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GE  

 H. pylori 

 H. 

pylori genipin GE JB3

 GE  JB3

 

 H. pylori  VacA  Quantitative 

PCR  vacA  RNA 

 vacA  3  vacA 

 LG0.4  vacA 

 GE  H. pylori 
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Genipin GE JB3  H. pylori 

 (* infection  p < 0.05) 

 

GE  

 H. pylori  (H. pylori specific antibodies) IgA

IgG  IgM  3  IgA ( ) 

 IgG ( )  0.4 ml  GE (G0.4 )  (L0.2

 L0.4)  GE  (LG0.2  LG0.4) 

 20 mM genipin  (GN20 )  IgG 

 IgM  ( )  20 mM genipin (GN20

)  0.2ml  JB3  (L0.2)  GE  (LG0.2  LG0.4) 
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GE  (LG0.2  LG0.4) 

 IgA IgG  IgM  

 

Genipin GE JB3  H. pylori IgA

 (* infection  p < 0.05) 

 

Genipin GE JB3  H. pylori IgG
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 (* infection  p < 0.05) 

 

Genipin GE JB3  H. pylori IgM

 (* infection  p < 0.05) 

 

 

GE -γ  

 IFN-γ   

 IFN-γ  
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Genipin GE JB3  H. pylori IFN-γ

 (* infection  p < 0.05) 
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 50 %  H. pylori  H. pylori 

 [36-39] 

 H. pylori  [15-16, 33]

 [18-21]

 [123]  H. pylori 

 

genipin

geniposide GE genipin  H. pylori vacA

U genipin

 [22] genipin cagA

genipin VacA  [61]  

 [12] GE
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GE  genipin

genipin  

[132-133]  

 (GE) genipin 68

JB3 GE

 H. pylori  H. pylori 

AGS cells IL-8 RAW264.7 cells

NO GE

 H. pylori 

 H. pylori 

 H. pylori 

 5 

AGS cells 24  75 % B-3

B-4 B-5 genipin

 genipin
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 [22]  H. 

pylori  

JB3 GE 2.5 × 10
10

 CFU/ml

2 % GE  genipin 

3 JB3

GE vacA  H. pylori 

 H. pylori  IgA  IgG  IgM 

IFN-γ

genipin GE JB3

 H. pylori genipin 

GE genipin

JB3  H. pylori 

 H. pylori genipin GE JB3

IFN-γ  H. pylori 

IgA IgG IgM genipin GE
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genipin  H. pylori 

 H. pylori Genipin

 H. pylori 

 H. 

pylori  
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