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⁸ │ ⌂ ≢№╡⁸ ⁸

⁸ ⁸ ⌂≥─ ⅜∕─ ה ⌐ ∆╢⁹╕√⁸↓╣

╠─ │ ⌐ ⇔≡ ↓╡╛∆ↄ⁸ ∆╢≤ ╩ ∆╢ꜞ

☻◒⅜ ⌐ ↄ⌂╢↓≤⅛╠⁸ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ≤⇔≡ ≤⌂∫≡

™╢⁹ 

 

─ ╛ ⌐│ ─ ⅜ ⅝ↄ ╦╢↓≤⅜ ╠⅛⌐

⌂∫≡⅔╡⁸ ⅜ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ─ ≤ ⅎ╠╣⁸∕─

⌐▬fi☻ꜞfi ⅜ ∆╢⁹ 

 

 

ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ─  

 

 ─ ⌐ ⇔√≤⅔╡⁸ ⌐╟∫≡ ∂√▬fi☻ꜞfi ⌐╟╡⁸

⁸ ⁸ ⅜ ∂⁸↓╣╠⅜ ─ ה ⌐ ⅝ↄ

╦∫≡™╢⁹ ≈╕╡ ⅜ ∆╢↓≤│ ⅜ ⇔⁸

▪♦▫ⱳ◘▬♩◌▬fi≤ ┌╣╢ ─ ╛ FFA ╩

∆╢↓≤⅜ ╠⅛⌐⌂∫≡⅝√ 1)⁹▪♦▫ⱳ◘▬♩◌▬fi≢№╢ TNF -aTumor 

1
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necrosis factor a╛ IL -6 I nterleukin -6 ⌂≥─ ◘▬♩◌▬fi╛ MCP-1

Monocyte chemoattractant protein -1 ⌂≥─◔⸗◌▬fi─ ⅜ ⇔⁸▬

fi☻ꜞfi ╩ ↕∑╢≤≤╙⌐ ─ ╩ ∆╢⁹FFA ╛꜠☺☻

♅fi╙ ⌂≥─▬fi☻ꜞfi ─▬fi☻ꜞfi ╩ ∆╢⁹ ⁸

▪♦▫ⱳⱠ◒♅fi─ │⁸▬fi☻ꜞfi ╛ ─ ╩ ∆╢ 2)⁹ 

≢│⁸ ⅜▬fi☻ꜞfi ╩ ↕∏⌐ ⌂≥─ ≤

─ ה ⌐ ╦∫≡™╢ ⅜ ╠⅛⌐⌂∫≡⅝√⁹ ⅛╠

↕╣╢ ▪♦▫ⱳ◘▬♩◌▬fi≢№╢ PAI -I Plasmi nogen activator 

inhibitor -1 │ ⌐ ╦╡⁸꜠ⱪ♅fi│ ⌐ ∆╢ 3)⁹ 

 

20 ה  ⌐╟╢≤⁸40-74 ≢ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כ

ⱶ⅜ ↄ ╦╣╢ ⅜ 27.0%⁸ 11.9%∞∫√⁹╕√⁸ ≤ ⅎ╠╣

╢ ⅜ 24.5%⁸ 8.1%∞∫√⁹ ⌐ ⇔≡│ ╦∑≡ 51.5%╙─ ⅜ⱷ

♃Ⱳꜞ♇◒◦fi♪꜡כⱶ─ ⅜№╡⁸2 ⌐ 1 ⅜ ─ ╣⅜№╢⁹ 19

ה  ⌐╟╢≤⁸40-74 ≢ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ╕√│∕

─ ⌐ ∆╢─│⁸ 2,010 ∞∫√⁹╕√⁸ №╢™│∕─

≤ ↕╣╢ │ 2,210 ⁸ 18 ה  ⌐╟╢≤

─ ╦╣╢ │ 1,870 ⁸ ─ ╦╣╢ │ 5,490 ∞∫√⁹ 
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─ ⌐ ∆≤⅔╡ ⅜ ─ ≤⌂╢╦↑≢│⌂™⅜⁸

≈╕╡ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ⅜⁸ 2 ≤ 3 ─ ╛

─ ꜞ☻◒╩ ╘≡™╢⁹╕√⁸ ╙ ─ ≈≢№╢⁹↓╣

╠─↓≤⅛╠⁸ ⅜ ≤⌂╢ │ ─ 60%≤⌂╢⁹↕╠⌐

─ 30%╩ ⅜ ╘≡⅔╡⁸↓─╕╕ ⅜ ∆╣┌⁸ ₁─

∞↑≢⌂ↄ⁸ ─ ╙ ∆╢⁹ ─↓≤⅛╠⁸ ╩

ה ∆╢↓≤│ ⌂ ≢№╡⁸ ⅛╠ ∆╢↓≤⅜ ≢№╢⁹

∕↓≢⁸ ⌐ ≢⅝╢ ⌐ ╩ ⇔⁸╟╡ ⅛≈ ⌐

∆╢ ⅜ ↕╣≡™╢⁹ ⅜ ∆╢ ╩

╗ ─ │ ₁ ⇔≡⅔╡⁸2015 ⌐│ 5 ─ ⌐⌂╢

↓≤⅜ ↕╣≡™╢⁹ 

 

⌐ ≤⇔≡⁸ⱳꜞⱨ▼ⱡכꜟ│∕─ ⌂ ⌐ ╩ ┘≡™╢⁹

ⱳꜞⱨ▼ⱡכꜟ│№╠╝╢ ⌐ ╕╣≡⅔╡⁸ ╛ ⌂≥⅜ ≢

∆╢ ☻♩꜠☻⅛╠ ╩ ╢√╘⌐ ∆╢ ⌂ ≢№╢⁹

8,000 ─ⱳꜞⱨ▼ⱡכꜟ⅜ ∆╢≤ ╦╣ 4)⁸ ⁸ ⁸ ▪

⁸כ◑ꜟ꜠ ►▬ꜟ☻⁸ ⁸ ⁸ ⁸ ⁸

⌂≥↕╕↨╕⌂ ⅜ ↕╣≡™╢ 5-13)⁹ ≢│⁸ ꞉▬fi⌐

╕╣╢꜠☻ⱬꜝ♩꜡כꜟ⅜ ≡⇔≥כ♃כfi─▪◒♥▫ⱬ▬ꜙ♅כ◘

↕╣ 14, 15)⁸╕√ ─╙≈ √⌂ ⅜ ╠⅛≤⌂∫√⁹ 

 

∕↓≢ ≢│⁸◘ꜟ♫◦ Actinidia arguta ⌐ ⇔√⁹◘ꜟ♫◦│

⁸ ⁸ ─ ⌐ ∆╢ⱴ♃♃ⱦ ⁸ⱴ♃♃ⱦ

─≈╢ ≢№╢⁹◘ꜟ♫◦─ │⁸ ⅜♫◦⌐ ≡⅔╡⁸◘ꜟ⅜ ╪

≢ ═╢↓≤⌐∟⌂╪≢№╡⁸ ⌐╟∫≡⁸◖◒꞉⁸◖◒꞉♣ꜟ⁸◦ꜝ◒♅◌

☼ꜝ⁸◦ꜝ◒♅♣ꜟ≤╙ ┌╣≡™╢⁹ ─ 1708 ⌐│₈

◦ ☻Ⱬ◦ fi♥ ⱨ₉≤™℮ ⅜№╡⁸◘ꜟ♫◦⅜ 300 ╟╡

↕╣≡™╢↓≤⅜╦⅛╢ 16)⁹╙≤╙≤│ ⌂─≢ ≢ ⇔⁸ ╛

⌐⇔≡ ↕╣≡™√⅜⁸ ⁸ ⅔↓⇔─ ≤⇔≡ ↕╣╢╟℮⌐⌂∫≡⅝

√⁹ ⌐ ≤ ≢│⁸ ⌐ ↕╣≡™╢⁹◘ꜟ♫◦─ ≤
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⌐ ∆╢ │ 1995 ⌐ ⅜ ⁸⅜╢№≢╖─♃כ♦√∫ ⁸

│ ─ ≢№∫√⁹ ≢│⁸ ╛ ≢╙

◘ꜟ♫◦─ ⅜ ↕╣⁸ ⅜ ╦╣≡™╢⁹ ⁸☻כꜙ☺⁸│≡⇔≥

꞉▬fi⁸☺ꜗⱶ ─ ⅜╒≤╪≥≢№╢⁹ 

◘ꜟ♫◦ ─ │ ⌐ ⇔√≤⅔╡≢№╢⁹ ∂ⱴ♃♃ⱦ ─◐►▬ⱨ

≥♠כꜟ ∆╢≤⁸™ↄ≈⅛─ⱦ♃Ⱶfi⁸ⱵⱠꜝꜟ │◘ꜟ♫◦─ ⌐ ↄ

╕╣≡™╢↓≤⅜ ⅛╢⁹ ⌐⁸ⱦ♃Ⱶfi ⅜ ⌐ ╕╣⁸ⱦ♃Ⱶfi C⌐ ⇔

≡│⁸◐►▬ⱨꜟכ♠─ 2.5 ╕╣≡™╢⁹ 17)⌐ ↕╣≡

™╢ ≤ ═╢≤⁸ⱦ♃Ⱶfi C ⌂ ≤⇔≡ ╠╣╢▪☿꜡ꜝ⅜ 100 

g№√╡ 1700 mg⁸◓□Ᵽ⅜ 220 mg ≢⁸∕─ ⅜◘ꜟ♫◦─ 180 mg ∞∫√⁹

꜠⸗fi─ⱦ♃Ⱶfi C│ 100 mg ≤⌂∫≡™╢⁹ⱦ♃Ⱶfi E │◐►▬ⱨꜟכ♠─

3.5 ╕╣⁸ ─ ≢ ╙ ™ ≤⌂∫≡™╢⁹ ─↓≤⅛╠⁸◘ꜟ♫

◦│ ⌂ⱦ♃Ⱶfi ≢№╢≤ ⅎ╠╣╢⁹╕√⁸ⱴ♃♃ⱦ ─ ─ⱦ♃Ⱶ

fi C ╩ ⇔√ ╙№╡⁸∕─ ≢╙◘ꜟ♫◦─ ─ⱦ♃Ⱶfi C ⅜

™ 18)⁹ 

 

◘ꜟ♫◦≤◐►▬ⱨꜟכ♠ ─  

 (/100g)  ◘ꜟ♫◦ 1)  
◐►▬ 

ⱨꜟכ♠ 2)  

◌ꜟ◦►ⱶ (mg)  41 33 

ꜞfi(mg)  49 32 

◌ꜞ►ⱶ (mg)  320 290 

b-◌꜡♥fi  (mg)  230 66 

ⱦ♃Ⱶfi B2 (mg)  0.03 0.02 

ⱦ♃Ⱶfi C (mg)  180 69 

ⱦ♃Ⱶfi E (mg)  4.6  1.3  

( g)  2.2  2.5  

1) ◖◒꞉ ╟╡  

2) 14)  
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↓╣╕≢⁸◘ꜟ♫◦─ ⁸ ⌐ ∆╢ │ ⌂™⅜⁸◘

ꜟ♫◦ ◄◐☻ PG102⌐╟╢ כ◑ꜟ꜠▪ ⁸ 19, 20)⁸◘ꜟ

♫◦ ─(+)◌♥◐fi≤(-)◄Ⱨ◌♥◐fi⌐╟╢ 21)⁸►ꜟ

ꜟכ♁ ⌐╟╢ in vitro≢─ ꜞⱤכ♀ 22, 23)⁸ꜝ◒♃ⱶ ⱨꜝⱣⱡכ

ꜟ⌐╟╢ ─ 24)⌂≥⅜ ╠⅛⌐↕╣≡™╢⁹⇔⅛⇔⌂⅜

╠⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ⁸◌♥◐fi ─ ₁ⱳꜞⱨ▼ⱡכꜟ⌐

⇔⁸∕╣∙╣─ ≤ ≤─ ⌐ ∆╢ │ ⌂™⁹ │⁸◘ꜟ

♫◦ⱳꜞⱨ▼ⱡכꜟ ⌐ ╕╣╢ ⌂ⱳꜞⱨ▼ⱡכꜟ─ ⁸ ⁸

⌐ ∆╢ ⌐ ╩№≡⁸∕─ ─ ╩ ╘≡ ╠⅛⌐∆╢↓≤╩

≤⇔≡ ∫√⁹ 
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1  ◘ꜟ♫◦ ─  

 

  

◘ꜟ♫◦ Actinidia arguta ─ ⌐ ∆╢ │ ⌂™⁹∕↓≢⁸◘ꜟ♫◦

─ ╩ ╠⅛⌐∆╢ ≢⁸ ≢│⁸ⱳꜞⱨ▼ⱡכꜟ ≤▪Ⱶⱡ ─

╩ ∫√⁹╕√⁸ⱳꜞⱨ▼ⱡכꜟ─ ╩ DPPH ꜝ☺◌ꜟ ≢

⇔√⁹ 

 

 

1  ◘ꜟ♫◦ ─ⱳꜞⱨ▼ⱡכꜟ ─  

1.1. ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ─ ≤  

 ◘ꜟ♫◦╩ MeOH ≢ ⇔⁸╤ ⇔√⁹CHCl 3 MeOH H 2O 1 1

2 ⌐⌂╢╟℮⌐ ⇔⁸ ≤℮ ∆╢↓≤≢ ╩ ⇔√⁹  (MeOH + 

H 2O) │ ⁸EtOAc ≢ ≤℮ ⇔⁸EtOAc ╩ ⌐ ™√⁹ ⌐│⁸

HPLC -DAD Ɫ▬♥◒ⱡ꜡☺כ☼ ╩ ™√⁹HPLC

│⁸◌ꜝⱶ│ Develosil C30 -UG-5 (4.6 × 250 mm i.d., 

)╩ ™√⁹ │ 0.8 ml/ml ⁸ │ 5%▪☿♩♬♩ꜞꜟ/1%

A ≤ 40%▪☿♩♬♩ꜞꜟ B ╩ ™⁸0-180 ≢ B ⅜ 100%⌐⌂╢╟℮⌂

≢ ∫√⁹ │ⱨ◊♩♄▬○כ♪▪꜠▬ DAD ⌐╟╡ ∫√⁹

─HPLC ≢─ ⅔╟┘UV ☻Ɑ◒♩ꜟ≤ Ⱨכ◒─∕╣╠╩ ⇔⁸

Ⱨכ◒─ ─ ╩ ∫√⁹╕√⁸LC/MS Xevo QTof MS;  Waters Co., 

Milford, USA ╩ ™≡ ╕╣╢ ─ ╩ ∫√⁹LC/MS

│⁸◌ꜝⱶ│ ODS╩ ™⁸0.1%◑ A ≤ 0.1%◑ /▪☿♩♬♩ꜞꜟ─

⌐╟∫≡ ⇔√⁹ 

 

 

2  ◘ꜟ♫◦─ ⱳꜞⱨ▼ⱡכꜟ ≤ DPPH ꜝ☺◌ꜟ  

1.2.1. ⱳꜞⱨ▼ⱡכꜟ ─  

⌐│◘ꜟ♫◦≤⁸ ≤⇔≡ ∂ⱴ♃♃ⱦ ─ ≢№╢ ◐►▬

ⱨꜟכ♠ Actinidia deliciosa ≤ ◐►▬ⱨꜟכ♠ Actinidia chinensis
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╩ ™√⁹ 50 ╩ MeOH 200 ml ≢ ⁸30 ⇔√⁹∕─

⁸ 3000 rpm, 10 min, 4 ϴ ⌐╟╡⁸ ╩ √⁹↕╠⌐ ╩ MeOH

≢ ⇔⁸ ╠╣√ ╩ ⌐ ╠╣√ ≤ ╦∑≡⁸MeOH ≢ 500 ml ⌐

ⱷ☻▪♇ⱪ⇔√╙─╩ MeOH 100 mg/ml ≤⇔√⁹ ⌐│⁸5 10

50 ⌐ ⇔≡ ™√⁹ ⱳꜞⱨ▼ⱡכꜟ─ │ Folin -Denis 25)⌐╟╡

⇔⁸ │◒꜡꜡◕fi ╩ ™≡ ⇔√⁹ │⁸ MeOH

1 ml ≤ Folin ♃fi◓☻♥fi ♫♩ꜞ►ⱶ2ה  100 g⁸ꜞfi⸗ꜞⱩ

♦fi  20 g⁸ꜞfi  50 ml / L 1 ml ╩ ⇔√ ⁸3 ≢ ⇔√⁹∕

─ ⁸10 ♫♩ꜞ►ⱶ 1 ml ⅎ⁸30 ≢ ⇔√ ⁸700 nm

⌐⅔↑╢ ╩ ⇔√⁹ ╟╡ ⱳꜞⱨ▼ⱡכꜟ ╩ ⇔√⁹ 

 

1.2.2. DPPH ꜝ☺◌ꜟ ─ 26) 

400 mM DPPH(1,1 -diphenyl -2-picrylhydrazyl) ≤ 200 mM MES buffer 

(pH 6.0)≤ 20% EtOH (╙⇔ↄ│ 50% EtOH)╩ 1 1 1⌐ ⇔√⁹∕─ ╩

0.9 ml ∏≈ ⌐ ⇔⁸80% EtOH(╙⇔ↄ│ 50% EtOH)╩ ⌐ b ml 

(300⁸270⁸240⁸180⁸120⁸60 ml)∏≈ ⅎ√⁹ ⌐⁸ a ml (0⁸30⁸

60⁸120⁸180⁸240 ml)╩ 30 ⅔⅝⌐ ⌐ ⅎ⁸╟ↄ ⇔√⁹⌂⅔⁸

│ 1.2.1.≢ ⇔√ MeOH ╩ ⇔√⁹╕√⁸Trolox ⌐≈™≡╙ a ml (0⁸

30⁸60⁸90⁸120⁸150 ml)╩ ⌐ ⅎ√⁹ ╩ ⅎ≡⅛╠ 20 ⌐ 520 nm

─ ╩ ⇔√⁹Trolox ─ ╩ ™≡ ╩ ⇔⁸◘fiⱪꜟ№

√╡─ DPPH ꜝ☺◌ꜟ ╩ Trolox ≤⇔≡ ╘√⁹ 

 

 

3  ◘ꜟ♫◦ ─▪Ⱶⱡ ─  

1.3.  

 ◘ꜟ♫◦ ⌐ 80%EtOH ≤⌂╢╟℮⌐ EtOH ╩ ⅎ⁸1 ⇔√⁹

∕─ ⁸CHCl 3 EtOH H 2O 1 1 2⌐⌂╢╟℮⌐ ⇔⁸ ≤℮ ∆╢↓

≤≢ ╩ ⇔√⁹  (EtOH + H 2O) │ ⁸ ⌐ ⇔√⁹∕─

⁸Dowex 50W-X8 ◌ꜝⱶ⌐ ⇔⁸▪Ⱶ

ⱡ ╩╙≈ ╩ ↕∑√ ⁸ ≢ ⌐ ⇔√⁹2N NH 4OH ≢ ⇔⁸



 

 8 

⁸0.1N HCl ≢ ⁸ⱨ▫ꜟ♃כ ⇔⁸▪Ⱶⱡ

▪Ⱶⱡ Ɫ▬♥◒ⱡ꜡☺כ☼ ╩ ∫√⁹ 

 

1.4.  

◘ꜟ♫◦ ─ ⱳꜞⱨ▼ⱡכꜟ ≤ DPPHꜝ☺◌ꜟ  

◘ꜟ♫◦ ─ ⱳꜞⱨ▼ⱡכꜟ ≤ DPPHꜝ☺◌ꜟ ╩ Fig. 1-1⌐

⇔√⁹∕─ ⁸ ∂ⱴ♃♃ⱦ ─◐►▬ⱨꜟכ♠ 2 ≤ ⇔√⁹ 

ⱳꜞⱨ▼ⱡכꜟ │⁸ 100g ⌐◘ꜟ♫◦ AA 306.0mg⁸ ◐►

▬ⱨꜟכ♠ AD 171.2mg⁸ ◐►▬ⱨꜟכ♠ AC 172.3mg ╕╣≡™

√⁹DPPHꜝ☺◌ꜟ │⁸◘ꜟ♫◦ 2.2 mmol Trolox eq./g⁸ ◐►▬

ⱨꜟכ♠ 2.5 mmol Trolox eq./ g⁸ ◐►▬ⱨꜟכ♠ 2.3 mmol Trolox eq./ g≢

№∫√⁹◘ꜟ♫◦─ ⱳꜞⱨ▼ⱡכꜟ │⁸ ─◐►▬ⱨꜟכ♠≤ ═╒╓ 2

≢№╡⁸DPPHꜝ☺◌ꜟ │⁸ ─◐►▬ⱨꜟכ♠≤╒╓ ≢№∫√⁹ 

 

◘ꜟ♫◦ ─ⱳꜞⱨ▼ⱡכꜟ  

 ◘ꜟ♫◦ ╩ MeOH ⇔⁸ ╩ ⇔√ ⁸ ◄♅ꜟ≢ ⇔√

◄♅ꜟ ╩ HPLC-DAD 280nm ≢ ⇔√ ╩ Fig. 1-2 ⌐ ⇔√⁹

≤ ≢ ⇔⁸ ╩ ∆╢≤≤╙⌐ UV ☻Ɑ◒♩ꜟ─ ╙

™⁸ ─ ╩ ∫√⁹∕─ ⁸ⱪ꜡♩◌♥◐ꜙ ⁸◒꜡꜡◕fi ⁸ +

◌♥◐fi⁸◖כⱥכ ⁸ⱪ꜡◦▪♬☺fi B2⁸Ɫ▬Ɑ꜡◘▬♪⁸▬♁◔ꜟ◦♩ꜞ

fi⅜ ╕╣≡™√⁹HPLC◒꜡ⱴ♩ ≢│ꜟ♅fi⅜ ↕╣⌂⅛∫√⅜⁸LC/MS

≢ ⇔√≤↓╤⁸ꜟ♅fi≤ ∂ ╩ ≈Ⱨכ◒⅜ ↕╣√⁹

╙ ≤ ∂↓≤⅛╠ꜟ♅fi≤ ↕╣√⁹Ɫ▬Ɑ꜡◘▬♪≤▬♁◔ꜟ

◦♩ꜞfi─ │ LC/MS ⌐╟╢ ─ ⌐⅔™≡╙ ↕╣√

Table 1 ⁹ 

╕√⁸Ɫ▬Ɑ꜡◘▬♪≤▬♁◔ꜟ◦♩ꜞfi│⁸◘ꜟ♫◦ 100 g ⌐ ₁0.73 

± 0.18⁸2.37 ± 1.12 mg ╕╣≡™√⁹ 

 

◘ꜟ♫◦ ⌐ ╕╣╢▪Ⱶⱡ  

 ▪Ⱶⱡ ╩ Fig.1 -3 ⌐ ⇔√⁹◘ꜟ♫◦⌐│⁸◓ꜟ♃Ⱶfi⁸▪ꜝ♬fi⁸
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GABA ⅜ ↄ ╕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸♬◖♅▪♫Ⱶfi╙ ≢│

№╢⅜ ╕╣≡™√⁹◘ꜟ♫◦ 100 g№√╡ GABA │ 5.3 mg ╕╣≡⅔╡⁸

♬◖♅▪♫Ⱶfi│ 0.49 mg ╕╣≡™√⁹ 
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Fig. 1 -1. Total polyohenols content and antioxiadative activity of Actinidia  

species. 

 

AA: Actinidia arguta  

AD: Actinidia deliciosa (Kiwifruit)  

AC: Actinidia chinensis (ZESPRI GOLD  Kiwifruit)  

 

Each value is ex pressed as mean ± SEM  
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Fig. 1 -2. HPLC chromatogram of Actinidia arguta  polyphenols and the 

chemical structures . 

Column,  Develosil C -30-UG-5 (4.6 × 250 mm); Solvent A,  5% MeCN/1% 

AcOH; Solvent B,  40% MeCN. Program: A linear gradient of 0 -100% of B in A 

over the course of 180  min at a flow rate of 0.8  ml/min.  Detection, 280 nm.   
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Table 1. Molecular  weights of components corresponding to each peak.   

 

  [M -H] - 

  Measured m/z  Calc. mass Formula  

Peak 3 Hyperoside  463.0898 463.0877 C21H 19O12 

Peak 2 Isoquercitrin  463.0887 463.0877 C21H 19O12 

Peak 1 Rutin  609.1458 609.1456 C27H 29O16 

Molecularweight was measured by LC/MS.  

 

 

 

 

 

 

at 330nm 

1 

2 3 
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Fig. 1 -3. Chromatogram of amino acids contained in Actinidia arguta.  

 

   Amino acids were analyzed by amino acid analyzer (Hitachi 

High -technologies Co.). Li +-type column and detection by ninhidrin method 

were used. 

  

nicotianamine  
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1.5.  

 ◘ꜟ♫◦─ ⱳꜞⱨ▼ⱡכꜟ │⁸ ◐►▬ⱨꜟכ♠ AD ≤

◐►▬ⱨꜟכ♠ AC ⌐ ═≡ 2 ╕╣≡™√⅜⁸DPPHꜝ☺◌ꜟ

│ ─◐►▬ⱨꜟכ♠≤╒╓ ≢№∫√⁹↓─↓≤⅛╠⁸◘ꜟ♫◦≤◐►▬

ⱨꜟכ♠⌐⅔↑╢ ─ ─ ™⅜ ⅎ╠╣√⁹◐►▬ⱨꜟ⁸│⌐♠כ

◘ꜟ♫◦⌐ ═ ™ ╩ ∆ ⅜ ╕╣≡™╢↓≤⅜ ↕╣√⁹  

◘ꜟ♫◦⌐│⁸ ⌂ⱳꜞⱨ▼ⱡכꜟ⅜ ╕╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹

⁸◌♥◐fi ⁸ⱨꜝⱲⱡ▬♪ ≤ ⌂ⱳꜞⱨ▼ⱡכꜟ⅛╠ ↕╣≡

™√⁹↓╣╕≢⁸◘ꜟ♫◦⌐ ╕╣╢ⱳꜞⱨ▼ⱡ⁸│≡⇔≥ꜟכ + ◌♥◐fi⁸

◒꜡꜡◕fi ⁸ - ◄Ⱨ◌♥◐fi⁸◖כⱥכ ⁸◒ⱴꜟ ⁸ꜟ♅fi⁸◔ꜟ☿♅fi

⅜ ↕╣≡™╢ 27)⁹ ⌐⅔™≡╙⁸ │ ⇔≡™⌂™⅜⁸ - ◄Ⱨ◌♥

◐fi≤◔ꜟ☿♅fi⅜ ╕╣╢↓≤╩ ⇔≡™╢⁹ꜟ♅fi⌐ ⇔≡│⁸ ≢

№╡⁸⅛≈ HPLC ─☻Ɑ◒♩ꜟⱤ♃כfi╩╖╢≤⁸Ɫ▬Ɑ꜡◘▬♪≤ꜟ♅fi─Ⱨ

╓╒│◒כ ⌂∫≡ ↕╣√√╘⁸Ɫ▬Ɑ꜡◘▬♪─Ⱨכ◒╩ꜟ♅fi≤ ⅎ

≡⇔╕℮↓≤╙№╢⅛╙⇔╣⌂™⁹╕√⁸◘ꜟ♫◦─ ╛ ⌐╟∫≡╙

⌐ ™⅜№╢≤ ↕╣╢√╘⁸ ≢ ™√◘ꜟ♫◦⌐│ꜟ♅fi⅜

⇔⅛ ↕╣⌂⅛∫√ ╙ ⅎ╠╣╢⁹◔ꜟ☿♅fi⁸◌♥◐fi ⌐│⁸ ₁

⌂ ⅜ ↕╣≡⅔╡⁸ ⌐⁸ ה ╛ ⌂≥─

⅜№╢ 28, 29)⁹ 

 ▪Ⱶⱡ ⌐ ⇔≡│⁸ ⌐ GABA ⅜ ↄ ╕╣≡™√⁹GABA ⌐│⁸

30)╛ 31)⅜ ╠╣≡⅔╡⁸╕√⁸ ╩ ∆♬◖♅▪♫

Ⱶfi 32)╙ ≢│№╢⅜ ╕╣≡™√⁹∕─√╘⁸◘ꜟ♫◦ ⌐│

⅜ ↕╣√⁹ 
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1.6.  

 ◘ꜟ♫◦ Actinidia arguta ─ ⌐ ∆╢ │ ⌂™⁹∕↓≢⁸◘ꜟ♫◦

─ ╩ ╠⅛⌐∆╢ ≢⁸ ≢│⁸ⱳꜞⱨ▼ⱡכꜟ ≤ ▪Ⱶⱡ ─

╩ ∫√⁹╕√⁸ⱳꜞⱨ▼ⱡכꜟ ─ ╩ DPPH ꜝ☺◌ꜟ

≢ ⇔√⁹ 

 ◘ꜟ♫◦ ─ ⱳꜞⱨ▼ⱡכꜟ │◒꜡꜡◕fi ≤⇔≡ 0.3% ╕╣≡⅔

╡⁸ ∂ⱴ♃♃ⱦ ─◐►▬ⱨꜟכ♠─ 2 ∞∫√⁹ │◐►▬ⱨ

≥♠כꜟ ∞∫√⁹ⱳꜞⱨ▼ⱡכꜟ ≤⇔≡⁸ⱪ꜡♩◌♥◐ꜙ ⁸◒꜡꜡

◕fi ⁸ + ◌♥◐fi 1.35 ± 0.71 mg /100g⁸◖כⱥכ ⁸ⱪ꜡◦▪♬☺fi B2

2.10 ± 0.66 mg / 100g⁸Ɫ▬Ɑ꜡◘▬♪ 0.73 ± 0.18 mg / 100g⁸▬♁◔ꜟ◦♩

ꜞfi 2.37 ± 1.12 mg / 100g ⅜ ╕╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹↓╣╕≢⌐⁸

+ ◌♥◐fi⁸◒꜡꜡◕fi ⁸ - ◄Ⱨ◌♥◐fi⁸◖כⱥכ ⁸◒ⱴꜟ ⁸ꜟ♅

fi⁸◔ꜟ☿♅fi─ ╕╣≡™╢↓≤⅜ ↕╣≡⅔╡ 27)⁸ ≢│⁸ √⌐ⱪ

꜡♩◌♥◐ꜙ ⁸ⱪ꜡◦▪♬☺fi B2⁸Ɫ▬Ɑ꜡◘▬♪⁸▬♁◔ꜟ◦♩ꜞfi⅜◘

ꜟ♫◦⌐ ╕╣╢↓≤⅜ ╠⅛⌐↕╣√⁹  

 ◘ꜟ♫◦ ─▪Ⱶⱡ ⌐ ∆╢ │⌂ↄ⁸ ≢ GABA ╩ ↄ ╗↓≤

5.3 mg/100 g ⁸ ⌂ ╩ ∆╢♬◖♅▪♫Ⱶfi 0.49 mg/100 g

⅜ ⌐ ╕╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹  
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2   ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ⅜ꜝ♇♩╕√│ⱴ

►☻─ ה ⌐ ╓∆  

 

  

─ ╕√│ ─ ≈⌐ ─ ⅜№╢⁹ ⅛╠─ ─

╩ ╕√│ ↕∑╢↓≤≢⁸ ─ ╩ ⅎ⁸↕╠⌐▬fi☻ꜞfi

╩ ⌐∆╢↓≤≢ ─ ╛ ╩ ←⁹ ╩ ∆╢√╘⌐⁸

⌐⅔™≡│▪◌ꜟⱲכ☻╛Ⱳ◓ꜞⱲכ☻⌂≥─a-◓ꜟ◖◦♄כ♀ 33-35)

⅜ ™╠╣≡⅔╡⁸ ⌐ ⇔≡Ⱳ◓ꜞⱲכ☻╩ 48 ↕∑√≤

↓╤⁸2 ─ ╩ 40.5% ⇔√≤™℮ ⅜№╢ 36)⁹ ≢│◓□Ᵽ

ⱳꜞⱨ▼ⱡכꜘ╛ꜟכ◖fiⱳꜞⱨ▼ⱡכꜟ⌐a-◓ꜟ◖◦♄כ♀ ⅜

↕╣≡™╢ 37-39)⁹╕√⁸ ─ │⁸ ─ ⌐╙ ⇔⁸

⌐╙ ⅜╢⁹ 

│⁸ ╛ ─ ╩ ∆╢↓≤≢ ⌂↓≤⅜ ↕╣≡™╢⁹

fi꜡כ► ⱳꜞⱨ▼ⱡכꜟ 40, 41)╛◘ⱳ♬fi 42, 43)│⁸ ꜞⱤכ♀ ╩

⇔≡ ─ ╩ ∆╢↓≤⅜ⱴ►☻╛ꜝ♇♩≢ ↕╣≡™╢⁹↓─╟℮

⌂ ╩ ⌐⁸ ╛ ─ ╩ ∆╢ ⌐│ ─ ⅛╠ ⅝

⌂ ⅜ ∑╠╣≡™╢⁹∕↓≢⁸ ≢│⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─

≤ ⌐ ╓∆ ╩ ⇔√⁹ 

 

 

1  ╕√│ ─ in vivo  

2.1.1. ─  

1)  

 ◘ꜟ♫◦ ⌐ MeOH ╩ ⅎ⁸ ⇔⁸╤ ⇔√⁹CHCl 3 MeOH

H 2O 1 1 2 ⌐⌂╢╟℮⌐ ⇔⁸ ≤℮ ∆╢↓≤≢ ╩ ⇔√⁹

 (MeOH + H 2O) │ ⁸DIAION HP -20

◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐ ⇔√ ⁸ ≢ ⌐ ⇔⁸∕─ MeOH ≢

⇔⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ╩ √⁹ ⁸ ⌐╟╡

⇔√⁹ 
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2)  

7 ─ SD ꜝ♇♩ ◒꜠▪ ╩ 1 ⇔ 16

⁸ ⅜ ⌐⌂╢╟℮⌐ 6 ∏≈ ↑⇔√⁹ 

⌐│ ╩⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ⌐│◘ꜟ♫◦ⱳꜞ

ⱨ▼ⱡכꜟ 0.2g / kg BW ╩ 1 ml ⌐ ⇔√╙─╩∕╣∙╣

⇔√⁹5 ⌐ 1 g / kg BW ≤⌂╢╟℮⌐ ⇔√ ♦fiⱪfi⁸ⱴꜟ♩כ

☻כ◖ꜟ◓│√╕☻ 1 ml ╩ ⇔√⁹ ⁸ 30 ⁸60 ⁸

90 ⁸120 ⌐ ⅛╠ ⇔⁸◓ꜟ♥☻♩☿fi◘כ

╩ ™≡ ─ ╩ ∫√⁹  

 

 

2.1.2. ─  

1)  

  2.1.1.≤ ─ ≢◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ √⁹  

 

2)  

5 ─ ICR ⱴ►☻ ◒꜠▪ ╩ 16 ⁸

⅜ ⌐⌂╢╟℮⌐ ≤◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─ 2 ⌐ ↑√⁹ 

n=10 fiכ◖│⌐ 5 ml / kg BW ≤ 0.1 ml ╩⁸◘ꜟ♫

◦ⱳꜞⱨ▼ⱡכꜟ AP n=11 fiכ◖│⌐ 5 ml / kg BW ≤◘ꜟ

♫◦ⱳꜞⱨ▼ⱡכꜟ 0.2 g / kg BW ╩ 0.1 ml ⌐ ⇔√ ╩

⇔√⁹ ⁸ 2⁸3⁸4⁸6 ⌐ ⅛╠Ⱬⱴ♩◒ꜞ♇♩

╩ ™≡ ⇔⁸ ╩ √⁹ ♩ꜞ◓ꜞ☿ꜝ▬♪ ─ ⌐│⁸

♩ꜞ◓ꜞ☿ꜝ▬♪ E ♥☻♩꞉◖כ ╩

™√⁹ 

 

 

2.1.3.  

 ⱴ►☻⌐◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ≤♦fiⱪfi⁸ⱴꜟ♩כ☻№╢™│

╩☻כ◖ꜟ◓ ⌐ ⇔√ ─ ╩ Fig.  2-1-1⌐ ⇔√⁹♦fi
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ⱪfi ─ │ Con ⌐⅔™≡ 15 ≢ ≤⌂╡⁸AP

≢│ ⌐ ™ ╩ ⇔√ Fig.  2-1-1. A ⁹ⱴꜟ♩כ☻ ≢│⁸AP │

ⱴꜟ♩כ☻ 15⁸30 ≢ ⌐ ™ ╩ ⇔√ Fig.2 -1-1. B כ◖ꜟ◓⁹

☻ ≢│⁸Con ⌐ ═≡⁸AP ≢ ⌂ │ ╘╠╣⌂⅛∫√

Fig.2 -1-1. C ⁹ 

AP ⅜ ─ⱴ►☻─ ♩ꜞ◓ꜞ☿ꜝ▬♪ ⌐ ╓∆ ╩ Fig.2-1-2

⌐ fiכ◖⁹√⇔ ─ ⌐╟∫≡⁸ 2 ─ ♩ꜞ◓ꜞ☿ꜝ▬♪

⅜ ⅝ↄ ⇔⁸ 6 ≢ ─ ♩ꜞ◓ꜞ☿ꜝ▬♪ ⌐╒╓ ∫√⁹

AP ≢│ Con ⌐ ⇔⁸ │ ╘╠╣⌂⅛∫√⅜⁸ ♩ꜞ◓ꜞ☿ꜝ♪

⅜ ╩ ∆ ⌐№∫√ Fig.2-1-2. A ⁹∕↓≢⁸Fig.2-1-2. A╟╡⁸ ♩ꜞ

◓ꜞ☿ꜝ▬♪ ╩ ⇔⁸♩ꜞꜞ☿ꜝ▬♪─ ╩ ⇔√ Fig.2-1-2. 

B ⁹♩ꜞ◓ꜞ☿ꜝ▬♪─ ╙ Con ⌐ ⇔ AP ≢ ↕╣╢ ⌐№∫√⁹
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Fig. 2-1-1.  Effects of the co-administration of Actinidia arguta  polyphenols 

fraction (AP) with sugars on  the p ostprandial blood glucose level in rats.  

 

    Eight week -old male SD rats were orally administered with starch (A), 

maltose (B) or glucose (c) at 1  g/kg of body weight, and distilled water or AP at 

0.2 g/kg of body weight.  The blood glucose level was measured at 0, 15, 30, 

60 and 120 min after th e sugar was administrat ed. Each value is expressed as 

mean ± SEM (n=6). *Significantly different from the Control at each 

time -point ( p<0.05 ).   
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Fig. 2-1-2.  Effects of the Actinidia arguta  polyphenols fraction (AP) on mice 

serum triglyceride level after oral administration of a corn oil.  

 

    Five  week-old male ICR mice  were orally administered with a corn oil  at 5 

ml /kg of body weight, and distilled water or AP at 0.2  g/kg of body weight.  

The serun triglyceride  level was me asured at 0, 2, 3, 4 and 6 h after oral 

administration of a corn oil (A) and the area under the curve (AUC) (B). Each 

value is expressed as mean ± SEM (n= 10-11).   
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2  a-◓ꜟ◖◦♄כ♀ in vitro  

2.2.1. ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─a-◓ꜟ◖◦♄כ♀  

1) ⅔╟┘  

│◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ 50 mg / ml ≤⌂╢╟℮⌐ 2% DMSO

≢ ⇔⁸↕╠⌐ 5⁸10⁸25 mg / ml ≤⌂╢╟℮⌐ 2% DMSO ≢ ⇔≡

™√⁹ ⌐│ 2% DMSO ╩ ™√⁹ 

⌐│⁸2%ⱴꜟ♩כ☻ ╕√│ ☻כ꜡◒☻2% ╩ ™√⁹ 

│⁸ꜝ♇♩ ▪☿♩fi Sigma Chemical Co., St. Louis, USA 0.5 

g╩ 0.05 M ⱴ꜠▬fi pH 6.0 4.5 ml ⌐ ⇔⁸ⱱ⸗☺♫▬☼⇔√⁹

3000 rpm,  10 min,  4ϴ ⁸ ╩ ≤⇔⁸ⱴꜟ♃כ♀ ─

≢│ 20 ╩ ♀כꜝ◒☻⁸⇔ ─ ≢│ ╩ ™√⁹ 

2)  

╠─ 44)╩ ⇔≡ ∫√⁹ 0.1 ml ⌐ ╩ ⇔⁸37ϴ

≢ 5 ⁸ ╩ 0.1 ml ⅎ 37ϴ≢ 90 ↕∑√⁹ ⌐│

╩ ™√⁹95ϴ≢ 10 ⇔ ╩ ↕∑⁸5 ⇔√⁹

3000rpm  5min  4ϴ ─ 0.02 ml ╩ ⇔⁸ ☻כ◖ꜟ◓√⇔

☻כ◖ꜟ◓╩ CII -♥☻♩꞉◖כ , ╩ ™≡

⇔⁸ ╟╡ % ╩ ⇔√⁹ 

(%) (Control OD ð Sample OD)/C ontrol OD ×100 

 

 

2.2.2.  a-◓ꜟ◖◦♄כ♀ ╩ ∆ ─  

1)  

 ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ 0.1 g/2 ml 50% EtOH ╩ Sephadex LH -20◌

ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐ ⇔⁸50% EtOH ≢ ⇔√ ⁸2 g∏≈ ⇔√⁹

↓─ ⇔√ⱨꜝ◒◦ꜛfi ╩ ≤⇔√⁹ ⌐│ 50% EtOH ╩ ™√⁹ 

 ▬♁◔ꜟ◦♩ꜞfi (Extrasynthese, Genay, France) ≤Ɫ▬Ɑ꜡◘▬♪ (

) │ 10% DMSO ⌐ ⇔⁸ ╩

⇔√⁹ ⌐│ 10% DMSO ╩ ™√⁹ 
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2)  

 2.2.1.≤ ─ ≢⁸ ⱨꜝ◒◦ꜛfi─ⱴꜟ♃כ♀ ╩ ⇔⁸

─ ™ⱨꜝ◒◦ꜛfi│⁸HPLC -DAD ⌐╟╢☻Ɑ◒♩ꜟ ╩ ∫√⁹

│⁸ 1 1.1.⌐ ⇔√≤⅔╡≢№╢⁹ 

 

 

2.2.3.  

in vitro ⌐⅔™≡⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ⅜ⱴꜟ♃כ♀≤☻◒ꜝ

♀כ ⌐ ╓∆ ╩ ⇔√ ╩ Fig.2 -2-1⌐ ⇔√⁹AP │ ⌐

ⱴꜟ♃כꜝ◒☻≥♀כ♀ ╩ ⇔⁸ ⌐ ™ⱴꜟ♃כ♀ ╩ ⇔√⁹

∕↓≢⁸ ⌐ ∆╢ IC 50╩ ⇔√≤↓╤⁸ⱴꜟ♃כ♀⌐ ∆╢ AP ─ IC 50

│ 0.083mg/ml ⌐♀כꜝ◒☻⁸╡№≢ ∆╢ IC 50│ 7.84mg/ml ≢№∫√⁹ 

⌐⁸ⱴꜟ♃כ♀ ╩ ∆ AP ─ ─ ╩ ∫√≤↓╤⁸ ™

╩ ∆ 4 ≈─ⱨꜝ◒◦ꜛfiᵑ⁸ᵒ⁸ᵓ⁸ᵔ⅜ ╠╣√ Fig.2 -2-2 ⁹∕

↓≢⁸ᵑ⅛╠ᵔ─☻Ɑ◒♩ꜟ ╩ HPLC -DAD ╩ ™≡ ∫√≤↓╤⁸ ╙

™ ╩ ⇔√ᵔ│▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪⅜ ╦∑≡ 79.8%╩

╘╢ⱨꜝ◒◦ꜛfi≢№∫√⁹╕√⁸ᵒ │ⱨꜝⱲⱡ▬♪─ UV ☻Ɑ◒♩ꜟ╩

⇔√ Fig.2 -2-3 ⁹▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪─ⱴꜟ♃כ♀⌐ ∆╢

IC 50│∕╣∙╣ 0.20 mM⁸0.11 mM ∞∫√ Fig.2 -2-4 ⁹ 

 

 

  



 

 23 

 

 

 

 

Fig. 2-2-1.  Effects of Actinidia arguta polyphenols fraction (AP) on maltase and 

sucrase activities in vitro. 

 

     The activities of maltase (ǒ) and sucrase (ƺ) were determined over 90 min 

after the addition of AP to the reaction mixture. The percentage inhibition is 

defined as that compared with the Control reaction being 100%. 
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Fig. 2-2-2.  Effects of fractionated-AP on maltase activity in vitro.  

     The percentage inhibition is defined as that compared with the control 

reaction being 100%. The AP was fractionated by Sephadex LH-20 column 

chromatography using 50% EtOH as eluent.  

 

    ᵑ, ᵓ : flavonoid 

    ᵒ   : unidentified 

    ᵔ     : Hyperoside and Isoqercitrin  
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ᵑ Fraction No. 50  

  

ᵒ Fraction No. 56  

  

ᵓ Fraction No. 104  

  

ᵔ Fraction No. 120  

  

Fig. 2 -2-3.  HPLC chromatograms and spectrums of the most strong inhibitory 

activity fractions. 
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Fig. 2-2-4.  Inhibitory activity of isoquercitrin and hyperoside on maltase in 

vitro. 

 

     The percentage inhibition is defined as that compared with the control 

reaction being 100%.  
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2.3.  

◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ─ ≤ ⌂╠┘⌐ ⌐

╓∆ ╩ ⌐ ⇔ ⇔√⁹  

♦fiⱪfi⁸ⱴꜟ♩כ◖ꜟ◓⁸☻כ☻ ≤ AP ╩ꜝ♇♩⌐ ⇔

√ ⁸♦fiⱪfi╕√│ⱴꜟ♩כ☻ ─ ⅜ ⌐ ↕╣√⁹

≥☻כ◖ꜟ◓⁸⇔⅛⇔ ⌐ ⇔√ │⁸ ─ ⌐ ⌂ ⅜⌂⅛∫√

↓≤⅛╠⁸AP ─ │⁸ ─☻כ◖ꜟ◓─≢ ⌂

≢│⌂ↄ⁸ ╛ ─ ╩ ∆╢↓≤⌐╟╢ ─ ⌐╟╢

↓≤⅜ ↕╣√⁹∕↓≢⁸ⱴꜟ♩כ☻ ≢⁸ ⅜ ╙ ↕╣

√─≢⁸AP ⅜ ≢№╢ⱴꜟ♃כꜝ◒☻≥♀כ♀ ⌐ ╓∆

╩ in vitro ≢ ⇔√⁹∕─ ⁸AP │ ⌐ⱴꜟ♃כꜝ◒☻≥♀כ♀

╩ ⇔√⁹ ⌐⁸ⱴꜟ♃כ♀ ⅜ ↄ⁸∕─ IC 50│ 0.083 mg/ml 

≢№∫√⁹╕√⁸∕─ ╩ ∆╢√╘⌐ AP ╩ ⇔⁸ⱴꜟ♃כ♀

╩ ⇔√≤↓╤⁸▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪╩ 80% ╗

⅜ ╙ ™ ╩ ⇔√⁹ ─ ™ ─ ╙ᵒFraction 56

│⁸ ≡─ ⌐ⱨꜝⱲⱡ▬♪⅜ ╕╣≡™√⁹╟∫≡⁸ⱴꜟ♃כ♀ ⌐

│⁸ⱨꜝⱲⱡ▬♪⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣√⁹╕√⁸∕─ ≈─ ─

ⱴꜟ♃כ♀⌐ ∆╢ IC 50╩ ⇔√≤↓╤⁸▬♁◔ꜟ◦♩ꜞfi⅜ 0.20 mM⁸Ɫ

▬Ɑ꜡◘▬♪⅜ 0.11 mM ≢№∫√⁹AP ⌐│ ↄ─ ─ⱳꜞⱨ▼ⱡכꜟ⅜

╕╣≡™╢⅜⁸▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪│∕─ ≢╙ ─ ⅜

™⁹ ⌐⁸AP ─ ─ ─ ⅜ 1% ⅎ┌⁸(+)◌♥◐fi│ 0.31 %

≢№╢─⌐ ⇔≡⁸▬♁◔ꜟ◦♩ꜞfi│ 2.3 % ╕╣≡™√⁹Ɫ▬Ɑ꜡◘▬♪│

0.97 %≢№∫√⁹ 

◓□Ᵽ ⁸ ⌂≥ ₁⌂ ─ ─a-◓ꜟ◖◦♄כ♀ ⅜ ╠⅛

≤⌂∫≡⅔╡⁸∕─ ⌐ⱳꜞⱨ▼ⱡכꜟ⅜ ⇔≡™╢≤™℮ ⅜ ™

38,45,46)⁹▬♁◔ꜟ◦♩ꜞfi⌐ ∆╢ │ ⌂ↄ⁸ dayflower ( Commelina 

communis L. )⅛╠ ↕╣√▬♁◔ꜟ◦♩ꜞfi│⁸ ™a-◓ꜟ◖◦♄כ♀

╩ ∆ 1-deoxynojirimycin ⌐ ™ ╩ ⇔√ 47)⁹╕√⁸▬♁◔ꜟ◦♩

ꜞfi│⁸▪꜡◐◘fi 1 ꜝ♇♩⌐⅔™≡⁸▬fi☻ꜞfi / ≤/╕

√│ G6Pase ─ ⌐╟∫≡ ╩ ⇔⁸ ╩ ⇔√ 48)⁹
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☻♩꜠ⱪ♩♂♩◦fi 1 ⱴ►☻≢│⁸▬♁◔ꜟ◦♩ꜞfi╩ ≤∆

╢ ≢ ⅜ ╘╠╣√ 49)≤ ↕╣≡™╢⁹ ─↓≤⅛╠⁸▬♁

◔ꜟ◦♩ꜞfi│ 1 ╩ ⇔⁸∕─ ≤⇔≡⁸ ™a-◓ꜟ◖

♀כ♄◦ ⁸▬fi☻ꜞfi ⁸G6Pase ─ ≤

⌂≥⅜ ↕╣╢⁹⇔⅛⇔⁸ ⌐⅔↑╢ ─ 95%╩ ╘╢ 2 ⌐

∆╢▬♁◔ꜟ◦♩ꜞfi─ ⌐≈™≡│ ⌂ ⅜⌂™⁹  

─ ⌐ fiכ◖⁸│≡⇔ ≤≤╙⌐AP ╩ ⇔⁸ ─

⌐ ╓∆ ╩ ⇔√⅜⁸ ⌂ │ ╠╣⌂⅛

∫√⁹⇔⅛⇔⁸ ─≥─ ≢╙ │ ↄ⁸AUC ⌐⅔™≡╙

™ ⅜ ╠╣√─≢⁸AP │╦∏⅛≢│№╢⅜ ─ ╩ ∆╢ ╙

∆╢↓≤⅜ ↕╣√⁹ 

AP │ ─ ╟╡╙ ─ ─ ⅜ ↄ⁸∕╣│ⱴꜟ♃כ

♀ ⌐╟╢↓≤⅜ ↕╣√⁹╕√⁸∕─ ≤⇔≡▬♁◔ꜟ◦

♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪⅜ ⅎ╠╣√⁹a-◓ꜟ◖◦♄כ♀ ⱴꜟ♃כ♀ ≤a-▪

Ⱶꜝכ♀─╟℮⌂ │ ─ ≤ ⌐ ⌂ ╩ √⇔≡⅔

╡⁸∕─ │⁸ ─ ≤ ╩ ∆╢↓≤≤⌂╡⁸ ≤

⌐≈⌂⅜╢↓≤⅜ ↕╣╢⁹↓─╟℮⌂↓≤⅛╠⁸AP ⌐╙ ⁸ ⁸

⅜ ↕╣╢⁹ 
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2.4.  

╛ ─ ─ ≈│⁸ ─ ╛ ─ ╩ ∆╢↓≤≢

⌂↓≤⅜ ↕╣≡™╢⁹∕↓≢⁸ ≢│⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ─

≤ ⌐ ╓∆ ⌐≈™≡ ⇔√⁹ 

 ♦fiⱪfi⁸ⱴꜟ♩כ◖ꜟ◓⁸☻כ☻ ≤◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ

AP ╩ꜝ♇♩⌐ ⇔√ ⁸♦fiⱪfi╕√│ⱴꜟ♩כ☻ ─

⅜ ⌐ ≥☻כ◖ꜟ◓⁸⇔⅛⇔⁹√╣↕ ⌐ ⇔√ │⁸

─ ⌐ ⌂ ⅜⌂⅛∫√↓≤⅛╠⁸AP ─ │⁸

─☻כ◖ꜟ◓─≢ ⌂ ≢│⌂ↄ⁸ⱴꜟ♃כꜝ◒☻⁸♀כ♀ ╩

∆╢↓≤⌐╟╢ ─ ⌐╟╢↓≤⅜ ↕╣√⁹▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬

Ɑ꜡◘▬♪╩ 80% ╗ ⅜ ╙ ™ ╩ ⇔√↓≤⅛╠⁸AP ─ⱴ

♀כ♃ꜟ ⌐│⁸▬♁◔ꜟ◦♩ꜞfi≤Ɫ▬Ɑ꜡◘▬♪╩ ≤⇔√ⱨꜝ

Ⱳⱡ▬♪⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣√⁹↕╠⌐⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ

│╦∏⅛≢│№╢⅜ ─ ╩ ∆╢ ╙ ∆╢↓≤⅜ ↕╣√⁹  

AP ─a-◓ꜟ◖◦♄כ♀ ⱴꜟ♃כ♀ ≤a-▪Ⱶꜝכ♀─ ≤ ─

⅛╠ ⁸ ⅜ ↕╣√⁹  
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3  ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─

⸗♦ꜟⱴ►☻⌐⅔↑╢  

 

  

 ⁸ ⁸ ⌂≥─ ─ ╛ ⌐│ ─

⅜ ⅝ↄ ╦╢↓≤⅜ ╠⅛⌐⌂∫≡⅔╡⁸ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ≤

↕╣╢ ⅜ ⇔⁸ ⅝⌂ ≤⌂∫≡™╢⁹ ≤⌂╢

─ │ ─ ╣⌂≥⌐╟╡ ⁸▬fi☻ꜞfi ≤⌂╡⁸

ה ╩ ⅝ ↓⇔⁸ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ⌐ ⅜∫≡™ↄ 50-52)⁹

∕─√╘ ≢№╢ ─ ╩ ∆╢↓≤⅜ ≤↕╣╢⁹ 

⁸ ⅜ ╖⁸ │√∞─◄Ⱡꜟ◑כ ≢│⌂ↄ⁸▪♦

▫ⱳ◘▬♩◌▬fi≤ ↕╣╢ ╩ ∆╢ ─ ≢

№╢↓≤⅜ ╠⅛≤⌂∫√ 53)⁹ │∕─ ⅝↕⌐╟∫≡ ∆╢▪♦▫ⱳ

◘▬♩◌▬fi─ ⅜ ⇔⁸ ⌂ ⅝↕⌂╠⁸ ─▪♦▫ⱳ◘▬♩◌▬fi╩

ↄ ⇔⁸ ╩№╕╡ ⇔⌂™⁹⇔⅛⇔⁸ ⅜ ⅝ↄ⌂╢⁸≈╕╡

⌐⌂╢≤ ╟╡╙ ╩ ↄ ∆╢╟℮⌐⌂╡⁸▬fi☻ꜞfi

╩ ⇔⁸ ╩ ⅝ ↓∆ 54-56)⁹ 

≈╕╡ ה ╩ ה ∆╢↓≤≢▪♦▫ⱳ◘▬♩◌▬fi─

╙ ה ∆╢↓≤⅜≢⅝╢⁹ ╩ ∆╢√╘⌐│ ╩◌♇♩

∆╢∞↑≢⌂ↄ⁸ ⅛╠─ ╩ ←√╘⁸ ─ ⌂ ה ╩

∆╢ ⅜№╢⁹↕╠⌐⁸ ⌂ │ ⌐⌂╡╛∆ↄ⁸▬fi☻ꜞfi

╩ ↕∑╢ ⌐⌂╢─≢⁸ ─ ה ╩ ∆╢↓≤⅜ ≤ ⅎ

╠╣╢⁹ 

⁸ ≤⇔≡ ⌂≥⅜№╢⅜⁸ⱷ♃Ⱳꜞ♇◒◦fi♪

ⱶכ꜡ ⌂≥─╟╡ ↄ─ ⌐ ⇔≡╙╠℮√╘⌐│⁸ ≤⇔≡ ⅛

╠ ⇔⁸ ∆╢↓≤⅜ ≢№╢⁹ ⁸ⱳꜞⱨ▼ⱡכꜟ ⌐

⁸ ⌂≥⅜ ↕╣≡⅔╡⁸ⱳꜞⱨ▼ⱡכꜟ ╩

ↄ ╗ ⅜ ↕╣≡™╢⁹∕─ ≢╙⁸◌♥◐fi ⌐ ™ ⅜ ╘╠╣≡

⅔╡⁸ ─ ≤⇔≡b ╛ ⌂≥⅜ ╠⅛≤⌂∫

≡™╢ 57, 58 ⁹ 
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2 ≢│⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ⅜ ≢№╢ⱴꜟ♃כ♀─

╩ ∆≤≤╙⌐⁸ ─ ╩ ⇔⁸ ─ ╩ ⇔√↓≤

⅛╠⁸ ╛ ⅜ ↕╣√⁹∕↓≢⁸ ≢│◘ꜟ♫◦⌐ ╕

╣╢ ⌂ⱳꜞⱨ▼ⱡכꜟ⌐ ⇔⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─

⸗♦ꜟⱴ►☻⌐⅔↑╢ ╩ ⇔√⁹ 

 

 

3.1.  

1)  

 │⁸4 ─ C57BL/6J ⱴ►☻ ◒꜠▪ ╩

™√⁹ │⁸ 23 ± 1°C⁸ 55 ± 5%⁸12 ─ ◘▬◒ꜟ

8:00-20:00 ≤⇔⁸ⱪꜝ☻♅♇◒◔כ☺≢ ⇔√⁹ │

CE-2 ◒꜠▪ ≤ ╩ ↕∑√⁹1

⁸ ⅜ ⌐⌂╢╟℮⌐ 4-5 ∏≈ 3 ⌐ ↑⁸95 ╩ ∫

√⁹ ⁸1 ↔≤⌐ ╩⁸2 ↔≤⌐ ╩ ⇔⁸

⅔╟┘ │ ≤⇔√⁹ 

│⁸ LF ⁸ ה ◦ꜛ HF ⁸ ה ◦ꜛ

⌐◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ 1% ⇔√ HFS ─ 3 ≤⇔√⁹

3 ⌐ 2 ─ ╩ ⇔√⁹ │ 12 ꜟ♥כ◄⁸

≢ ╟╡ ⇔⁸ ⁸ ⁸ ╩ ⇔√⁹

│ ⁸ ╩ ⁸ ≤≤╙⌐ ╕≢-80°C≢ ⇔√⁹ 

 

2)  

 ╩ Table 3-1⌐ ⇔√⁹LF │ AIN -93G⌐ ∂≡ ⇔√

≢№╡⁸HF ⌐│ LF ⌐ 30 ☻כ꜡◒☻≥ 15 ╩ ⇔⁸∕─ ╩

≢♅כ♃☻fiכ◖ ⇔√ ה ◦ꜛ ╩ ™√⁹HFS │ HF ⌐ 1%

─◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ ⇔⁸∕─ ≢♅כ♃☻fiכ◖╩ ⇔√⁹ 
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Table 3-1. Composition of the experimental diets (%). 

 LF HF HFS 

Casein 20.0 20.0 20.0 

Cornstarch 39.8 - - 

a-Cornstarch 13.2 8.0 7.0 

Sucrose 10.0 25.0 25.0 

Cellulose powder 5.0 5.0 5.0 

Soybean oil 7.0 7.0 7.0 

Lard powder - 30.0 30.0 

Mineral mixture (AIN-93G-MX)
a
 3.5 3.5 3.5 

Vitamin mixture (AIN-93-VX)
b
 1.0 1.0 1.0 

L-Cystine 0.3 0.3 0.3 

Choline bitartrate 0.2 0.2 0.2 

A. arguta polyphenols powder - - 1.0 

Total (%) 100.0 100.0 100.0 

a
 AIN -93G-MX and 

b
AIN -MX were obtained from Clea Japan, Tokyo, Japan. 

 

3)  

 3-1)  

│ 3000rpm⁸4ϴ⁸15 ⌐╟╡ ╩ ≡⁸ ╕≢

80ϴ≢ ⇔√⁹ 

─ │ ─ ◐♇♩╩ ™≡ ⇔√⁹♩ꜞ◓ꜞ☿ꜝ▬♪⁸

fiꜞ⁸ꜟכ꜡♥☻꜠◖ ⁸ ⁸☻כ◖ꜟ◓⁸

⁸▬fi☻ꜞfi⁸꜠ ⱪ♅fi ◦Ᵽꜘ◑

⁸▪♦▫ⱳⱠ◒♅fi ─ ╩ ∫√⁹  

 

 3-2)  

   ─ │ Folch ╠─ 59)⌐ ∫≡ ∫√⁹ 0.5 g⌐ⱷ♃ⱡ

ꜟכ 3 ml ╩ ⅎⱱ⸗☺♫▬☼⇔⁸◒꜡꜡ⱱꜟⱶ 6 ml ╩ ⅎ⁸ ≤℮⇔√⁹

∕─ ⁸ⱱ⸗☺Ⱡכ♩╩ TOYO No.2 ≢ ⇔⁸ ╩
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⌐ ┘ ⇔√ ◒꜡꜡ⱱꜟⱶ ⱷ♃ⱡכꜟ 2 1 ╩ 11 ml ⅎ⁸ ≤℮

⇔√⁹ ┘ ⇔⁸ ╠╣√ ⌐ 0.88% ◌ꜞ►ⱶ ╩ 5 ml ⅎ⁸

≤℮ ⇔⁸ ≤ ⌐ ⇔√ ⁸ ◒꜡꜡ⱱꜟⱶ ╩ ⇔

√⁹ ⌐│⁸◒꜡꜡ⱱꜟⱶ 20 ml ╩ ⅎ⁸ ≤℮ ⇔⁸

╩ √⁹ ─ ≤ ╦∑≡⁸ ≢ ↕∑⁸ ≢ ⁸

─ ╩ ∫√⁹ ╠╣√ │▬♁ⱪ꜡Ⱨꜟ▪ꜟ◖כꜟ 1 ml

⌐ ↕∑⁸♩ꜞ◓ꜞ☿ꜝ▬♪⁸ fiꜞ⁸ꜟכ꜡♥☻꜠◖ ─ ╩ ∫

√⁹ ⌐│ ≤ ⌐ ─ ◐♇♩╩ ™√⁹  

 

 3-3)  

⇔ ⇔√ 0.1 g⌐◄♃ⱡכꜟ 2 ml ╩ ⅎ⁸80ϴ≢ ⇔

√⁹3000rpm⁸4ϴ⁸10 ⇔≡ ╩ √⁹ ⌐│ ◄♃

ⱡכꜟ 2 ml ╩ ⅎ⁸ ≤℮ ⇔⁸ ⌐╟╡ ╩ √⁹↓─ ╩

╙℮ ╡ ⇔⁸ ╠╣√ │ ≡⁸ ●☻ ≢ ↕∑√⁹

∕─ ≢ ↕∑⁸ ─ ╩ ∫√⁹ ╠╣√ │

◄♃ⱡכꜟ 2 ml ⌐ ↕∑⁸♩ꜞ◓ꜞ☿ꜝ▬♪⁸ ⁸ꜟכ꜡♥☻꜠◖

─ ╩ ∫√⁹ ⌐│ ─ ◐♇♩╩ ™√⁹  

 

 3-4) DNA ⱴ▬◒꜡▪꜠▬⌐╟╢ ─  

   │ ⌐ ∟⌐ 30 mg ╡ ↑⁸RNAlater 200 ml ⌐

⇔⁸4ϴ≢ ⁸-80ϴ≢ ⇔√⁹ 

   DNA ⱴ▬◒꜡▪꜠▬ ⌐ ∆╢ │⁸ 3 ≤⇔⁸RNA

╩ ™⁸ ╩ ∫√⁹ ⇔√♅♇ⱪ│⁸◒ꜝⱲ►

─ GeneSQUARE® ⱴ►☻≢ 321

⅜ ↕╣≡™╢⁹╕√⁸DNA ⱴ▬◒꜡▪꜠▬ │

⌐ ⇔√⁹ 

 

3-5)  

│ ± ≢ ⇔√⁹ ─ │

ANOVA ╩ ∫√ ⌐ Tukey -Kramer test ⌐≡ ╩ ∫√⁹



 

 34 

p<0.05 ╩ ⌐ ≤⇔⁸▪ꜟⱨ□ⱬ♇♩─ ⌂╢ ⌐⅔™≡

№╡≤⇔√⁹HF ⌐ ∆╢ HFS ─ 2 ─ │ Student õs t -test ╩

™≡ ⇔√⁹ │⁸◄◒☿ꜟ 2008 ⱦכ◘

☻ ╩ ™√⁹ 

 

 

3.2.  

⁸ ⁸ ⁸  

Table 3-2⌐ ⁸ ⁸ ⁸ ─ ╩ ⇔√⁹╕√⁸

─ ╩ Fig. 3 -1 ⌐ ⇔√⁹HF ≢│ LF ⌐ ⇔≡⁸ 2 ⅛╠

╩ ∆╢↓≤≢ ⅜ ⌐ ⇔√ Fig. 3 -1 ⁹ ⌐⅔™≡⁸

HF ⌐ ⇔≡ HFS ≢ ⅜ ↕╣╢ ⌐№∫√ p = 0.065 ⁹HF

≤ HFS ─ ⌐⅔↑╢ ≤◄Ⱡꜟ◑כ ⌐ │ ╘╠╣⌂

⅛∫√⁹ 

⁸ ≤╙⌐⁸LF ⌐ ⇔≡ HF ≢ ⌐ ⅜ ⇔⁸HF ⌐ ⇔

≡ HFS ≢⁸ ⌐⅔™≡│ ⌐ ⅜ ⅛∫√⅜⁸ │ ⌂ ⅜

╘╠╣⌂⅛∫√⁹ │⁸ ⁸ ⁸

─ ╩ ₁ ⇔ ⇔√⁹∕─ ⁸ ≤ │ LF ⌐

⇔≡⁸HF ≢ ⌐ ⅜ ⇔⁸HF ≤ HFS ≢│ ⌂ ⅜ ╘╠╣

⌂⅛∫√⁹ ⌐⅔™≡│⁸3 ⌐ │ ╘╠╣⌂⅛∫√⁹

│⁸HF ≤ HFS ≢ │ ╘╠╣⌂⅛∫√⅜⁸HFS ≢

⅜ ↕╣╢ ⅜№∫√⁹ 

 

⁸ ⁸▬fi☻ꜞfi⁸▪♦▫ⱳ◘▬♩◌▬fi  

⁸ ⁸▬fi☻ꜞfi⁸▪♦▫ⱳ◘▬♩◌▬fi ─ ╩ Tabl e 3-3

⌐ ⇔⁸ │ Fig. 3 -2⌐╙ ⇔√⁹ ⁸ꜟכ꜡♥☻꜠◖

│⁸LF ⌐ ⇔ HF ≢ ⌐ ⇔√⁹HF ⌐ ⇔≡ HFS ≢│⁸

⁸ ⅜ ⌐ ⇔√⁹ꜞfi │ 3 ≢ │ ╘╠╣

⌂⅛∫√⁹ 

│⁸LF ⌐ ⇔ HF ≢ ⌐ ⇔⁸HF ⌐ ⇔≡ HFS ≢│⁸
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∕─ ⅜ ⌐ ↕╣√⁹▬fi☻ꜞfi ⌐⅔™≡⁸LF ≤ HF ≢

⌂ │ ╘╠╣⌂⅛∫√⅜⁸HFS ≢│ HF ⌐ ⇔≡ ⌐ ⇔√⁹  

▪♦▫ⱳ◘▬♩◌▬fi≢№╢꜠ⱪ♅fi⁸▪♦▫ⱳⱠ◒♅fi⁸TNF -a─ │

─≤⅔╡≢№∫√⁹▪♦▫ⱳⱠ◒♅fi│ 3 ≢ ⌂ │ ╘╠╣⌂⅛∫√

⅜⁸꜠ⱪ♅fi≤ TNF -a│⁸LF ⌐ ⇔≡ HF ≢ ⌐ ⇔⁸TNF -a⌐ ⇔

≡│⁸HF ⌐ ⇔≡ HFS ≢∕─ ⅜ ⌐ ↕╣√⁹꜠ⱪ♅fi│ HFS

≢ ╩ ∆ ⅜╖╠╣√⁹  

 

 

 ─ ╩ 1 g№√╡─ ≤⇔≡ Table 3 -4⌐ ⇔√⁹ ⁸

│ 3 ≢ │ ╘╠╣⌂⅛∫√⅜⁸LF ⌐ ⇔≡⁸HF ≢

∆╢ ⅜╖╠╣√⁹ ꜟכ꜡♥☻꜠◖ ≤ꜞfi ⌐⅔™≡│⁸LF ⌐

⇔≡⁸HF ≢ ⌐ ⇔√⅜⁸HF ≤ HFS ⌐ ⌂ │ ╘╠╣⌂⅛

∫√⁹ 

 

 

 2 ≢ ↕╣√ ≤ ╩ Table 3-5 ⌐ ⇔√⁹ ⌂╠┘

⌐ ≤⇔≡ ⁸ ⁸ ꜟכ꜡♥☻꜠◖ ⁸ ⁸

≡⌐⅔™≡ 3 ≢ ⌂ │ ╘╠╣⌂⅛∫√⁹  

 

DNA ⱴ▬◒꜡▪꜠▬⌐╟╢ ─  

 Table 3 -6 ⌐ ╩ ⇔√⁹♅♇ⱪ⌐ ↕╣≡™╢ ה ─ 321

─℮∟ 1.5 ⁸0.5 ─ ⌐≈™≡ ╩ ∫√⁹∕─

⁸HF ─ ╩ 1 ≤⇔√ ⌐⁸1 Fabp5 ─ ⅜ 1.8

⇔⁸Ccl2 0.3 ⁸Cfd 0.4 ⁸Jun 0.5 ⁸Cdk1na 0.5 ─ 4

─ ⅜ ↕╣√⁹ 
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Table 3-2. Effects of dietary polyphenols from A. arguta on body weight, food intake, 

organ weight, and abdominal adipose tissue weight. 

  LF HF HFS 

Initial body weight (g)   17.4 ± 0.8   17.2 ± 0.8    17.4 ± 0.6  

Final body weight (g)   30.4 ± 0.6 
b
  40.3 ± 1.4 

a
   37.3 ± 1.2 

a
 

Body weight gain (g)   13.0 ± 0.6 
b
  23.1 ± 0.8 

a
   19.9 ± 1.3 

a
 

Food intake (g) 356.2 ± 14.7 
b
 291.7 ± 7.8 

a
 285.4 ± 7.2 

a
 

Energy intake (kcal) 1478.4 ± 61.0  1648.1 ± 43.8  1612.5 ± 40.9  

Organ weight (g)    

Liver   1.03 ± 0.01 
b
  1.23 ± 0.05 

a
   1.08 ± 0.04 

b
 

 Kidney   0.40 ± 0.01 
b
  0.46 ± 0.01 

a
   0.43 ± 0.01 

ab
 

Abdominal adipose tissue (g)   1.06 ± 0.18 
b
  2.63 ± 0.18 

a
   2.28 ± 0.24 

a
 

  Perirenal fat   0.22 ± 0.04 
b
  0.59 ± 0.07 

a
   0.58 ± 0.06 

a
 

  Epididymal fat   0.63 ± 0.09 
b
  1.69 ± 0.11 

a
   1.44 ± 0.18 

a
 

Mesenteric fat  0.21 ± 0.06  0.36 ± 0.06   0.26 ± 0.03  

Each value is expressed as mean ± SEM (n=5-6). Values without a common letter differ 

significantly (p<0.05). 

 

Fig. 3-1. Changes in body weights during feeding periods. 

Each value is expressed as mean ± SEM (n=5-6). Values without a common letter differ 

significantly (p<0.05). 
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Table 3-3. Effects of dietary polyphenols from A. arguta on serum lipids, glucose, 

insulin, and adipocytokines. 

  LF HF HFS 

Serum lipids    

Triglyceride (mg/dl)   62.0 ± 3.3   64.7 ± 2.1    55.4 ± 1.8 *  

Total cholesterol (mg/dl)   101.8 ± 3.2 
b
  123.8 ± 4.7 

a
   118.3 ± 5.5 

a
 

Phospholipid (mg/dl)   221.5 ± 6.1   237.1 ± 10.0    228.3 ± 10.5  

Free fatty acid (mEq/l)   1.22 ± 0.04 
a
  0.96 ± 0.03 

b
   0.75 ± 0.02 

c, 
*  

Glucose (mg/dl)   102.5 ± 7.1 
b
  141.7 ± 4.7 

a
   118.8 ± 8.4 

a, 
*  

Insulin (ng/ml)   0.16 ± 0.02   0.15 ± 0.01    0.21 ± 0.02 *  

Adipocytokines    

Leptin (ng/ml)   5.6 ± 1.0 
b
  19.4 ± 3.8 

a
   14.3 ± 1.9 

ab
 

Adiponectin (mg/ml)   26.4 ± 0.3   25.2 ± 1.1    26.9 ± 0.8  

TNF-a
1
 (pg/ml)   9.1 ± 2.4 

b
  21.4 ± 3.4 

a
   7.2 ± 1.3 

b, 
*  

1
TNF-a ; tumor necrosis factor a 

Each value is expressed as mean ± SEM (n=5-6). Values without a common letter differ 

significantly (p<0.05). *p<0.05, HFS vs. HF by Studentôs t-test. 

 

 

Fig. 3-2. Effects of dietary polyphenols from A. arguta on serum lipids.  

Each value is expressed as mean ± SEM (n=5-6). Values without a common letter differ 

significantly (p<0.05). *p<0.05, HFS vs. HF by Studentôs t-test. 

TG; Triglyseride, TC; Total choresterol, PL; Phospholipid, FFA; Free fatty acid.  
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Table 3-4. Effects of dietary polyphenols from A. arguta on liver lipids. 

  LF HF HFS 

Liver lipids (mg/g liver) 

Total lipid   73.6 ± 2.1  111.0 ± 22.0   95.4 ± 8.2 

Triglyceride    46.8 ± 4.9  61.9 ± 4.5   60.8 ± 5.6 

Total cholesterol   4.5 ± 1.7 
b
  7.0 ± 0.4 

ab
   7.6 ± 0.3 

a
 

Phospholipid   14.3 ± 0.9 
b
  19.0 ± 1.2 

a
   18.3 ± 1.4 

ab
 

Each value is expressed as mean ± SEM (n=5-6).  

Values without a common letter differ significantly (p<0.05). 

 

 

Table 3-5. Effects of dietary polyphenols from A. arguta on feces dry weight and feces 

lipids for 2days. 

  LF HF HFS 

Feces dry weight (g/2 d) 0.44 ± 0.02 0.41 ± 0.03 0.41 ± 0.04 

Feces excretion (mg/2 d)    

Total lipid  (mg/2 d) 22.9 ± 3.3 33.3 ± 3.0 34.6 ± 2.4 

Triglyceride  (mg/2 d) 4.9 ± 0.3 5.3 ± 0.6 4.9 ± 0.5 

Total cholesterol  (mg/2 d) 1.9 ± 0.3 2.7 ± 0.3 2.2 ± 0.2 

Total bile acid (mmol/2 d) 0.34 ± 0.14 1.13 ± 0.28 1.45 ± 0.31 

Feces were collected for 2 days during experimental period. 

Each value is expressed as mean ± SEM (n=5-6).  

Values without a common letter differ significantly (p<0.05).  
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Table 3-6. Effects of dietary polyphenols from A. arguta on hepatic gene expression assayed by DNA microarray (n=3). 

 

Chips with 321 genes was used. 

 

 

Gene symbol fold  Description  pathway  

Fabp5  1.8  fatty acid binding protein 5-like 1  PPAR signaling pathway  

Ccl2  0.3  chemokine (C-C motif) ligand 12, MCP1  Cytokine-cytokine receptor interaction  

Cfd  0.4  complement factor D (adipsin)  Complement and coagulation cascades  

Jun  0.5  transcription factor AP-1  Regulation of cell cycle   

Cdkn1a  0.5  cyclin-dependent kinase inhibitor 1A (p21, Cip1)  Regulation of cell cycle  

3
9
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3.3.  

 ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ─ ╩ ⸗♦ꜟⱴ►☻╩

™≡ ⇔√⁹ 

⸗♦ꜟⱴ►☻⌐ AP╩ 3◌ ↕∑╢↓≤⌐╟╡ ⅜

↕╣╢ ⌐№∫√⁹HF ≤ HFS ⌐⅔™≡⁸ ⁸ ◄Ⱡꜟ◑כ ⌐

⌂ ⅜⌂™↓≤⅛╠⁸ │ AP ╩ ⇔√↓≤⌐╟╢ ≤

↕╣╢⁹ ⌐ ⌂ │ ╘╠╣⌂⅛∫√⅜⁸AP ╩ ∆╢↓≤≢

↕╣╢ ⌐№∫√⁹╕√⁸™╦╝╢ ≤ ┌╣⁸ ▪♦▫ⱳ◘▬♩◌

▬fi╩ ⇔≡™╢ ╙ ↕╣╢ ⅜╖╠╣√⁹ 

│⁸ ⌂╢◄Ⱡꜟ◑כ ≢│⌂ↄ⁸ ₁⌂

≢№╢▪♦▫ⱳ◘▬♩◌▬fi╩ ∆╢ 60, 61)⁹↓─▪♦▫ⱳ◘▬♩◌▬fi│⁸

─◘▬☼⌐╟∫≡⁸ ↕╣╢ ⅜ ╦∫≡ↄ╢⁹ ⌐≤╙⌂∫≡⁸

⅜ ∆╢≤⁸ ◘▬♩◌▬fi≢№╢ TNF-a Tumor necrosis  factor -a⁸IL -6

Interleukin -6 ⁸MCP-1 Monocyte chemoattractant Protein 1 ╛

≢№╢ ACE Angiotensin -converting enzyme ⁸ ≢№╢ PAI-1

Plasminogen activator inhibitor -1 ≤™∫√ ▪♦▫ⱳ◘▬♩◌▬fi⅜ ↕

╣⁸ ╛ ╩ ≈ ▪♦▫ⱳ◘▬♩◌▬fi≢№╢▪♦▫ⱳⱠ◒

♅fi─ ⅜ ↕╣╢⁹╕√⁸ FFA ╙ ↕╣⁸TNF-a⌂≥≤

⌐▬fi☻ꜞfi ╩ ↕∑╢ ─ ≈≤↕╣≡™╢⁹ ─↓≤⅛╠⁸

─ ≤/╕√│ ─ ╩ ∆╢↓≤│⁸▬fi☻ꜞfi ╩ ⇔⁸

╛ ⁸ ≤™∫√ ⌐⌂╢√╘⁸≤≡╙ ≢№╢⁹ 

≢│⁸ ה ◦ꜛ ╩ ↕∑√ⱴ►☻─ ⁸ ⅜ ⌐

⇔⁸ ─ FFA⁸ ⁸꜠ ⱪ♅fi⁸TNF-a ╙ ⌐ ⇔√⁹↓─↓≤⅛╠⁸

ה ◦ꜛ ╩ ∆╢↓≤≢⁸ ≤⌂╡⁸ ─ ⅛╠ ▪♦▫

ⱳ◘▬♩◌▬fi⅜ ↕╣⁸▬fi☻ꜞfi ╩ ⇔√≤ ⅎ╠╣╢⁹∕─√╘⁸

⌐≤╙⌂℮ ─ ╙ ↕╣√⁹⇔⅛⇔⁸AP ╩ ↕∑╢↓≤≢⁸

⁸ ─ ─ ⌐⁸ ─ ⁸FFA⁸ ⁸TNF-a ⅜

⌐ ↕╣√⁹⌂⅔⁸ ╛ ⌐ ⅎ╢ │ ⌂⅛∫√↓≤⅛

╠⁸AP ─ │ ┼─ ⌐│№╕╡ ╩ ↕∏⁸ ─ ─

╩ ∆╢↓≤⌐╟╢ ╙ ↕⌂™↓≤⅜ ↕╣√⁹ 
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⌂≥─ ⌂ ─ ⅜ ⌂ ⁸ ─ ꜠ⱬꜟ≢─

⅜ ≤⌂∫≡ↄ╢⁹∕↓≢⁸AP ─ ╩↕╠⌐ ╠⅛⌐∆╢√╘⁸≥─╟℮⌂

─ ⅜ ⇔≡™╢⅛╩ ⌐ ∆╢√╘⌐ DNA ⱴ▬◒꜡▪꜠▬╩ ™

≡⁸ ≢─ ─ ─ ╩ ∫√⁹ │⁸ ה ⌐

⇔√ⱨ◊כ◌☻▪꜠▬╩ ™√⁹ ↕╣√ 321 ⁸1.5 ⌐ ⇔

√─│ 1 Fabp5 ─╖≢⁸0.5 │ 4 Ccl2⁸Cfd⁸Jun⁸Cdkn1a

≢№∫√⁹Fabp5 Fatty acid binding protein 5-like 1 │ FABP ≢

№╡⁸FFA ≤∕─ ∞↑≢⌂ↄ◖꜠☻♥꜡כꜟ◄☻♥ꜟ╛ ⌂≥─

╩ ╢↓≤⅜ ╠╣≡™╢⁹╕√⁸ ⌐⅔™≡ ╙⇔ↄ│♩ꜝfi☻ⱳכ

╢╟⌐כ♃ ⌐≡ ╡ ╕╣√ FFA ⌐ ⇔⁸ ⌐◦ⱨ♩↕∑╢

╩ ∆╢≤ ⅎ╠╣≡™╢⁹↓─ ⌐╟╡⁸ ─ ╡ ╖ ╩ →╢↓

≤⅜ ↕╣≡™╢⁹ ⁸ ⇔√ FFA ╩ ⌐ ⇔ PPAR Peroxisome 

proliferator -activated receptor ◦◓♫ꜟ ⌐ ╦╢↓≤⅜ ↕╣≡™╢ 62)⁹∕

─√╘⁸FABP─ ⅜ ∆╢≤ PPARa─ ⅜ ∆╢↓≤⅛╠⁸ ⅜

∆╢⁹HMG-CoA ╩ꜟכ꜡♥☻꜠◖╡╟⌐ ↕∑╢ ≢№╢

☻♃♅fi⅜ FABP─ ╩ ⇔⁸PPARa─ ╩ ∆╢≤™℮ ╙№╢

63)⁹AP ⌐╟╢ ≤ FFA─ │⁸Fabp5⅜ FFA─ ┼─ ╡ ╖

╩ ↕∑╢≤≤╙⌐⁸PPARa─ⱪ꜡⸗כ♃כ ⌐ ⇔⁸ b ⁸

⁸ ☻♩꜠☻⁸ ─╟℮⌂ ╩ ↕∑√ ⌐╟╢≤

↕╣√⁹ 

╕√⁸ ◘▬♩◌▬fi≢№╢ Ccl2 Chemokine ligand 12, MCP-1 ≤ Jun

Transcription factor AP-1 ─ ⅜ ⇔√↓≤≢⁸∕─ ⌐№╢ TNF-a─ ⅜

↕╣√≤ ⅎ╠╣╢⁹MCP-1│◔⸗◌▬fi─ ≢№╡⁸▬fi☻ꜞfi ⌐╟╢

☻כ◖ꜟ◓ ╡ ╖╩ ↕∑⁸▬fi☻ꜞfi ╩ ⅝ ↓∆√╘ 2

≤⇔≡╙ ↕╣≡™╢ 64)⁹ ∫≡⁸ ─ ─└≤≈⌐ MCP-1

─ ⅜ ⅎ╠╣√⁹Cdkn1a Cyclin -dependent kinase inhibitor 1A p21

╙◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ─ ⌐╟∫≡ ⅜ ↕╣≡™√⁹ ╩ ∆

╢ ⅜▬fi☻ꜞfi ⌐ ⇔≡⅔╡⁸ ⸗♦ꜟⱴ►☻─ ≤

⌐⅔™≡⁸ p53⅔╟┘∕─ ─ p21⅜ ↕╣≡⅔╡⁸p21╩ⱡ

♇◒▪►♩∆╢≤ ╛▬fi☻ꜞfi ⅜ ↕╣╢≤™℮ ⅜№╢ 65, 66)⁹⌂−
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⌂╠⁸SREBPs Sterol Regulatory Element Binding Proteins ⅜ p21─ⱪ꜡⸗כ

כ♃ ⌐ ⇔⁸ ╛▬fi☻ꜞfi ꜟכ꜡♥☻꜠◖⁸ ⌐ ╦╢

╩ ∆╢√╘≢№╢ 67, 68)⁹╟∫≡⁸p21─ │⁸SREBPs ⌐

SREBP-1a ─ ╩ ⇔⁸ ╛▬fi☻ꜞfi ─ ╩╙√╠

⇔≡™╢╙─≤ ⅎ╠╣╢⁹ 

─↓≤⅛╠⁸AP ─ ⌐╟∫≡⁸FABP ─ ⅜ ⇔⁸FFA ─ ┼─

╡ ╖⅜ ↕╣⁸PPAR ─ꜞ●fi♪≤⇔≡ ⇔⁸ ⁸ ⁸

☻♩꜠☻⁸ ─╟℮⌂ ─ ⅜ ↕╣√↓≤⅜ ↕╣╢⁹↕

╠⌐⁸ ◘▬♩◌▬fi─ MCP-1≤ AP-1 Activator protein 1 ─ ⅜ ↕

╣√↓≤⌐╟╡⁸∕─ ─ TNF-a─ ⅜ ↕╣√↓≤⁸╕√⁸ ╛▬

fi☻ꜞfi ⌐ ╦╢ SREBPs⅜ ∆╢ⱪ꜡⸗כ♃כ ╩ ≈ p21─ ⅜

↕╣≡™╢↓≤⌐╟╡⁸↓╣╠⅜ ≤⌂∫≡ ─ ⁸FFA ⌐ ⅜

∂√╙─≤ ⅎ╠╣╢⁹↓─╟℮⌂↓≤⅛╠⁸AP │ ╛▬fi☻ꜞfi ╩

꜠ⱬꜟ⌐⅔™≡╙ ⇔⁸ ⅔╟┘▬fi☻ꜞfi ╩ ∆↓

≤⅜ ↕╣√⁹ 
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3.4.  

2 ≢│⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ⅜ ─ⱴꜟ♃כ♀

╩ ⇔⁸╕√ ─ ╩ ≤ ─ ╩ ⇔√↓≤⅛╠⁸ ╛

⅜ ↕╣√⁹∕↓≢⁸ ≢│◘ꜟ♫◦⌐ ╕╣╢ ⌂ⱳꜞⱨ▼ⱡ

⌐ꜟכ ⇔⁸AP ─ ⸗♦ꜟⱴ►☻⌐⅔↑╢ ╩ ⇔√⁹ 

ה ◦ꜛ ╩ ⇔√ⱴ►☻─ ⁸ │ ⌐ ⇔⁸ ─

FFA⁸ ⁸꜠ⱪ♅fi⁸TNF-a ╙ ⌐ ⇔√⁹↓─↓≤⅛╠⁸ ה ◦

ꜛ ≢│⁸ ≤⌂╡⁸ ─ ≤≤╙⌐ ▪♦▫ⱳ◘▬♩◌▬fi─

⅜ ↓╡⁸▬fi☻ꜞfi ⅜ ⇔≡™╢╙─≤ ⅎ╠╣√⁹∕─√╘⁸ ⌐≤

╙⌂℮ ─ ╙ ↕╣√⁹AP─ 1 ≢│⁸ ≤ ─

⌐ ⅜╖╠╣╢ ⁸ ─ ⁸FFA⁸ ⁸TNF-a ⌐ ⌂ ⅜

╖╠╣√⁹╕√⁸ ─ ╩ⱴ▬◒꜡▪꜠▬⌐╟╡ ⌐ ⇔√ ⁸

FABP ─ ⅜ ⇔√↓≤⅛╠⁸AP ⅜ FFA ─ ┼─ ╡ ╖╩ ∆

╢≤≤╙⌐⁸FFA ⅜ PPAR ─ꜞ●fi♪≤⇔≡ ⇔⁸ ─b ⁸ ⁸

☻♩꜠☻⁸ ⌐ ╦╢ ─ ╩ ⇔≡™╢ ⅜ ↕╣

√⁹AP─ ⌐╟╡⁸AP-1≤ ◘▬♩◌▬fi─ MCP-1─ ⅜ ↕╣

√↓≤⅛╠⁸∕─ ─ TNF-a─ ⅜ ↕╣≡™╢ ⁸╕√⁸ ╛

▬fi☻ꜞfi ⌐ ╦╢ SREBPs⅜ ∆╢ⱪ꜡⸗כ♃כ ╩ ≈ p21─ ⅜

↕╣≡™╢↓≤⅜⁸ ─ ⁸FFA ─ ≤ ╦∫≡™╢ ⅜

↕╣√⁹↓─╟℮⌂↓≤⅛╠⁸AP │ ╛▬fi☻ꜞfi ╩ ꜠ⱬꜟ≢

╙ ⇔⁸ ⅔╟┘▬fi☻ꜞfi ╩ ⇔≡™╢↓≤⅜ ↕╣√⁹ 
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4  ◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ─ 2 ⸗♦ꜟⱴ►

☻⌐⅔↑╢  

 

  

2 │ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ─ ─ ≈≢№╡⁸▬fi☻ꜞfi

╕√│▬fi☻ꜞfi ⌐╟╢ ה ╩ ℮ ≢№╢⁹ⱷ

♃Ⱳꜞ♇◒◦fi♪꜡כⱶ⌐⅔↑╢ ה │ ─ ⅜ ⅝ ↓∆▬

fi☻ꜞfi ⅜ ≢№╢≤↕╣≡™╢⁹ ⇔√ ⅛╠ ↕╣╢

TNF -a╛ FFA │ ≢─▬fi☻ꜞfi ╩ ↕∑╢↓≤≢ ≤⌂

╡⁸▬fi☻ꜞfi ╩↕╠⌐ ∆≤™℮ ⅜ ╩ ∆╢ ─ ≈≢№╢⁹

⌂╠┘⌐ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ ⅜ ₁ ⇔≡⅔╡⁸ ⅝⌂

≤⌂∫≡™╢⁹ ⌐⁸ ⌐↑╢ ─℮∟ 95%⅜ 2 ≢№╡⁸

╛ ⌂≥─ ─ ╣⅜ ⌂ ≤↕╣╢√╘⁸ ╩ ⇔⁸

ה ∆╢↓≤⅜ ≤↕╣≡™╢⁹∕─ ─ ≈⌐ ⅜ ╩ ╘⁸

₁ ⅜ ⇔≡™╢⁹ ─ ≢╙⁸ ⁸∕─ ╡ →╩ ┌⇔≡

™╢─⅜⁸ ╛ ⅜ꜟכ꜡♥☻꜠◖⁸ ⌐⌂╢ ─ ≢№╢⁹ │

╙⌂ↄ⁸ ╩ ≢≤⌂כⱤכ☻⌐∏∑ ≢⅝╢√╘⁸ ⅛╠

⌐ ∆╢↓≤⅜ ╢⁹ 

3 ≢│⁸ ⸗♦ꜟⱴ►☻⌐◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ╩

12 ↕∑√≤↓╤⁸ ─ ≤ ⁸ ⁸TNF -a⅜ ⌐

↕╣√⁹↓╣╠─↓≤╟╡⁸AP │⁸ ⁸ ╩ ∆╢↓≤⅜ ↕

╣√⁹╕√⁸∕─ │⁸ 2 ─ ╟╡⁸ ─ ⌐╟╢↓≤⅜ ↕╣

√⁹ ─ ⁸∕─ ⌐ ╕╣╢ ╛ ─ ╩ ∆╢↓≤

≢⁸№╢ ∆╢↓≤⅜≢⅝╢≤ ⅎ╠╣╢⁹∕↓≢⁸ ≢│⁸ ⌐ 2

╩ ∆╢ KK -Ayⱴ►☻╩ ™≡⁸ 1 ≢│◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ

AP ⅜⁸ 2 ≢│ ╙ ™ⱴꜟ♃כ♀ ╩ ⇔√ ─ ≈≢№╢▬

♁◔ꜟ◦♩ꜞfi≤∕─▪◓ꜞ◖fi ◔ꜟ☿♅fi ⅜ ⱴכ◌כ⌐ ╓∆

⌐≈™≡ ⇔√⁹ 

  



 

 45 

1  KK -Ayⱴ►☻⌐⅔↑╢◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ─  

4.1.1.  

1)  

│⁸5 ─ C57BL/6J ⱴ►☻( ◒꜠▪ )≤ 2

⸗♦ꜟⱴ►☻≢№╢ KK -Ay ⱴ►☻( ◒꜠▪)╩ ™√⁹ │⁸ 23 

± 1°C⁸ 55 ± 5%⁸12 ─ ◘▬◒ꜟ 8:00-20:00 ≤⇔⁸ⱪꜝ☻♅♇◒◔

≢☺כ ⇔√⁹ │ CE-2 ◒꜠▪ ≤ ╩

↕∑√⁹1 ⁸KK -Ayⱴ►☻│ ⅔╟┘ ⅜

⌐⌂╢╟℮⌐ 7 ∏≈ 2 ⌐ ↑⁸C57BL/6J ⱴ►☻ 7 ≤≤╙⌐⁸6

38 ╩ ∫√⁹ │ 1 ↔≤⌐ ⁸ ⁸

╩⁸╕√ 2 ↔≤⌐ ≤ ╩ ⇔√⁹ ⅔╟┘ │

≤⇔√⁹ ≤ ⌐│ ╟╡ ⇔Ⱬ⸗◓꜡ⱦfi A1c HbA 1c ─

╩ ∫√⁹ 3 21 ≤ 5 36 ⌐ OGTT

╩ ∫√⁹ 

│⁸ C57 ⁸ Con ⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ 0.5%

↕∑√ AP ─ 3 ≤⇔√⁹ │ 12 ꜟ♥כ◄⁸ ≢

╟╡ ⇔⁸ ⁸ ⁸ ⁸ ╩ ⇔√⁹

│ ⁸ ╩ ⁸ ≤≤╙⌐ ╕≢-80°C≢ ⇔√⁹ 

 

2)  

 ╩ Table 4-1-1⌐ ⇔√⁹ │ AIN -93G⌐ ∂≡ ⇔√

≢№╡⁸AP │ ⌐ 0.5%─◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ ⇔⁸∕─ ╩◖

≢♅כ♃☻fiכ ⇔√⁹  
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Table 4-1-1. Composition of the experimental diets (%). 

 C57 Con AP 

Casein 20.0 20.0 20.0 

Cornstarch  39.8 39.8 39.3 

a-Cornstarch  13.2 13.2 13.2 

Sucrose 10.0 10.0 10.0 

Cellulose powder  5.0 5.0 5.0 

Soybean oil  7.0 7.0 7.0 

Mineral mixture (AIN -93G-MX) a 3.5 3.5 3.5 

Vitamin mixture (AIN -93-VX) b 1.0 1.0 1.0 

L-Cystine  0.3 0.3 0.3 

Choline bitartrate  0.2 0.2 0.2 

A. arguta  polyphenol powder  - - 0.5 

Total (%)  100.0 100.0 100.0 

a AIN -93G-MX and  bAIN -MX were obtained from Clea Japan, Tokyo, Japan.  

 

 

3) OGTT  

3 21 ≤ 5 36 ⌐│ OGTT ╩ ∫√⁹12 ⁸

1 g / kg BW ⌐⌂╢╟℮⌐ ☻כ◖ꜟ◓√⇔ 1 ml ╩ ⇔⁸ ⁸

30⁸60⁸120 ↔≤⌐ ╟╡ ⇔⁸◓ꜟ♥☻♩☿fi♄כ╩ ™≡ ╩

⇔√⁹╕√⁸5 ─ OGTT ─ ⌐⁸ ⁸ 30 ⁸60 ⌐│ ╟╡

⇔⁸ ⁸ ╩ ⇔⁸꜠ⱦ☻▬fi☻ꜞfi-ⱴ►☻◐♇♩( ◦Ᵽꜘ

◑ )╩ ™≡⁸ELISA ⌐╟╡▬fi☻ꜞfi ╩ ⇔√⁹ 

 

4)  

 4-1)  

│ 3000rpm⁸4ϴ⁸15 ⌐╟╡ ╩ ≡⁸ ╕≢ 80ϴ

≢ ⇔√⁹ 

♩ꜞ◓ꜞ☿ꜝ▬♪⁸ ⁸HDLꜟכ꜡♥☻꜠◖ fiꜞ⁸ꜟכ꜡♥☻꜠◖- ⁸
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⁸☻כ◖ꜟ◓⁸ ⁸▬fi☻ꜞfi⁸

꜠ⱪ♅fi ◦Ᵽꜘ◑ ⁸▪♦▫ⱳⱠ◒♅fi

⁸ ▪♦▫ⱳⱠ◒♅fi ◦Ᵽꜘ◑ │

◌♇◖ ⌐ ⇔√ ─◐♇♩╩ ™≡ ⇔√⁹ 

 

 4-2)  

   ─ │ Folch ╠─ 59)⌐ ∫≡ ∫√⁹ 3 3-2) ≤ ─

≢ ∫√⁹ 

 

ה (4-3   

  4-3-1 ─  

0.3 g╩ ≢0.25 M ◦ꜛ ≤1 mM EDTA ╩ ╗10 mM ♩ꜞ☻

pH7.2 3 ml≢ⱱ⸗☺♫▬☼⇔√⁹∕─ ⁸500 × g⁸4ϴ≢10 

⇔≡ ╩ ↕∑⁸ ╩ √⁹↓╣╩▪◦ꜟCoA ○◐◦♄כ♀ ACO

─ ⌐ ™√⁹ ⌐⁸9000 × g⁸4ϴ≢10 ⇔≡Ⱶ♩◖fi♪ꜞ

▪ ╩ ≤⇔≡ ⇔⁸ ╠╣╢ ╩⁸ FAS ⁸◓ꜟ◖

♀כ♫◐ GK ♀כ♃□ⱱ☻ⱨ-6 ☻כ◖ꜟ◓⁸ G6Pase ⌐ ⇔√⁹

◘fiⱪꜟ│⁸ ╕≢⌐-80ϴ≢ ⇔√⁹ 

 

4-3-2 ♃fiⱤ◒ ─  

♃fiⱤ◒ │Lowry 69)≢ ⇔√⁹ ╕√│ ►◦ ▪ꜟⱩⱵ

fi 2 ml⌐ 2% ♫♩ꜞ►ⱶ/0.1N ♫♩ꜞ►ⱶ 0.5% /1%

◌ꜞ►ⱶ♫♩ꜞ►ⱶ 50 1 100 ml╩ ⅎ⁸ ⇔√⁹ ≢10

⁸10 ⌐ ⇔√ⱨ▼ⱡכꜟ ╩50 ml ⅎ⁸ ⇔√⁹ ≢30

⁸640nm─ ╩ ⇔√⁹ 

 

4-3-3 FAS  

FAS │Kelley╠─ 70)≢ ⇔√⁹ 0.05 mM ▪☿♅ꜟCoA⁸0.3 

mM NADPH ⅔╟┘0.2 mM EDTA ╩ ╗100 mMꜞfi ◌ꜞ►ⱶ

pH7.0 ⌐9000 × g ╩ ⇔⁸NADPH ─ ╩30ϴ⁸340 nm ≢
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1.5 ⇔ Ⱪꜝfi◒ ⁸∕─ ⱴ꜡♬ꜟCoA 0.2 mM ╩ ⅎ≡

⇔⁸↕╠⌐4 ⇔√ 1 ml ⁹ ╠╣√ ⅛╠Ⱪꜝ

fi◒─ ╩ ⇔ ↄ↓≤⌐╟╡⁸ √╡─NADP H ─

╩ ╘√ NADPH ─ 6,220 ⁹ 

 

4-3-4 ▪◦ꜟCoA ○◐◦♄כ♀ ACO  

ACO │Hashimoto╠─ 71)≢ ⇔√⁹ 0.1 mM ⱤꜟⱵ♩▬ꜟ

CoA⁸10.6 mM ⱨ▼ⱡ⁸0.82ꜟכ mM 4 -▪Ⱶⱡ▪fi♅Ⱨꜞfi⁸10 mM FAD⁸4 U

Ɑꜟ○◐◦♄כ♀ ⱱכ☻ꜝ♦▫♇◦ꜙ ⅔╟┘0.2 mg ►◦▪ꜟⱩⱵfi ⱨꜝ◒

◦ꜛfiV⁸ ⱨꜞכ ╩ ╗50 mM ꜞfi ◌ꜞ►ⱶ pH7.4 ⌐500 × 

g ╩ ⇔ 1ml ⁸30ϴ⁸500 nm ≢6 ╩ ⇔⁸

╠╣√ ⅛╠ ─ ╩ ╘√ ≤ⱨ▼ⱡ⁸ꜟכ

4-▪Ⱶⱡ▪fi♅Ⱨꜞfi⁸Ɑꜟ○◐◦♄כ♀⌐╟∫≡ ∂╢ ─⸗ꜟ

6,390 ⁹ 

 

 4-3-5 ♀כ♫◐◖ꜟ◓ GK  

  GK │ Davidson ╠─ 72)≢ ⇔√⁹50 mM HEPES Ᵽ♇ⱨ□כ pH 

7.4⁸100 mM ◌ꜞ►ⱶ⁸7.5 mM ⱴ◓Ⱡ◦►ⱶ⁸2.5 mM ☺♅○◄ꜞ♩

╩ꜟכ♩ꜞ ╗ 300 ml⁸10 mg/ml BSA 100 ml⁸0.5 mM ╕√│ 100 mM ◓ꜟ

☻כ◖ 100 ml⁸4 U/ml G6PD ( Leuconostoc mesenteroides) 100 ml⁸0.5 mM NAD

100 ml⁸9000 × g 200 ml ╩ ⅎ⁸ ⌐ 5 mM ATP 100 ml ╩ ⇔

≡ ╩ ⇔√⁹27ϴ⁸340 nm ≢ 5 ─ ╩ ⇔√⁹⌂⅔⁸┼

♀כ♫◐♁◐ ╩ ⇔≡ 100 mM ☻כ◖ꜟ◓ ─ ⅛╠ 0.5 

mM ☻כ◖ꜟ◓ ─ ╩ ⇔ ⅝⁸G6PD ⌐╟╢ ⌐╟∫

≡ ∆╢ NADH ─ ╩ ╘√ NADH ─ 6,300 ⁹ 

   

4-3-6 ♀כ♃□ⱱ☻ⱨ-6 ☻כ◖ꜟ◓ G6Pase  

G6Pase │ Lange ╠─ 73)⌐ ∫√⁹ ⌐ 1 ml⁸10 mM G6P 

50 ml⁸9000 × g 10 ml╩ ⅎ≡ 37ϴ⁸20 ▬fi◐ꜙⱬ⁸270⇔♩כ mM

 (3.7 mM ⸗ꜞⱩ♦fi ▪fi⸗♬►ⱶ⁸240 mM ♪♦◦ꜟ ♫♩ꜞ►ⱶ 
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(SDS) ) 220 ml ╩ ⅎ≡ ╩ ⇔√⁹ ™≢ 1.2 M ▪☻◖ꜟⱦfi 50 ml

ⅎ≡ 30  (820 nm) ╩ ⇔√⁹ ─ ⌐│⁸0.1⁸

1⁸3⁸5⁸10 M ─ꜞfi ╩ ™√⁹ 

 

4-4)  

│ ± ≢ ⇔√⁹ ─ │ ANOVA

╩ ∫√ ⌐ Tukey -Kramer test ⌐≡ ╩ ∫√⁹p<0.05 ╩

⌐ ≤⇔⁸▪ꜟⱨ□ⱬ♇♩─ ⌂╢ ⌐⅔™≡ №╡≤⇔√⁹Con

⌐ ∆╢ AP ─ 2 ─ │ Studen tõs t -test ╩ ™≡ ⇔√⁹

│⁸◄◒☿ꜟ 2008 ☻ⱦכ◘ ╩ ™√⁹ 

 

 

4.1.2.  

⁸ ⁸ ⁸ ⁸  

 ╩ Table 4-1-2⌐ ⇔√⁹ ⁸ ⁸ ≤╙⌐ C57 ⌐ ⇔

≡ Con⁸AP ≢ ⌐ ╩ ⇔√⅜⁸Con ⌐ ⇔≡ AP ⌐ │ ╘╠╣

⌂⅛∫√⁹ ⌐⅔™≡│⁸3 ⌐ │ ╘╠╣⌂⅛∫√⁹ ⌐≈™≡

│⁸C57 ⌐ ⇔≡ Con⁸AP ≢ ⌐ ╩ ⇔√⅜⁸Con ⌐ ⇔≡ AP ⌐

│ ╘╠╣⌂⅛∫√⁹ 

 ⁸ ≤╙⌐ C57 ⌐ ⇔≡ Con⁸AP ≢ ⌐ ╩ ⇔√⅜⁸Con

⌐ ⇔≡ AP ⌐ │ ╘╠╣⌂⅛∫√⁹ │ 3 ⌐ │ ╘╠

╣⌂⅛∫√⅜⁸C57 Con AP ─ ⌐ ⅜ ∆╢ ⅜╖╠╣√⁹

│⁸ ⁸ ⁸ ─ ╩ ₁ ⇔ ⇔√⁹∕─

⁸ ≡─ ⌐⅔™≡ C57 ⌐ ⇔≡⁸Con ≢ ⌐ ⅜ ⇔⁸Con ≤

AP ≢│ ⌂ ⅜ ╘╠╣⌂⅛∫√⁹ 

 

─ ⁸ ⁸HbA 1c  

 Fig . 4-1-1⌐ ╩ ⇔√⁹ │ 1 ⌐ 1 ⁸ A ⁸

B ─ ╩ ∫√⁹C57 ⌐ ⇔≡ Con⁸AP ≢≤╙⌐ ⌐ ╩

⇔√⁹HbA 1c C ⌐⅔™≡│ ≢№╢ 0 ≢│⁸3 ⌐ │ ╘╠
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╣⌂⅛∫√⅜⁸ ≢№╢ 6 ≢│ C57 ⌐ ⇔≡ Con⁸AP ≢ ⌐

⇔√⁹Con ≤ AP ─ ≢│⁸ ⁸ ⁸HbA 1c ─™∏╣

╙ ⌂ ⅜ ╘╠╣⌂⅛∫√⁹ 

 

OGTT  

 3 ≤ 5 ⌐ ∫√ OGTT ─ ≤∕─ AUC ⁸5 ⌐

∫√ OGTT ─ ☻כ◖ꜟ◓─ 0⁸30⁸60 ─ ▬fi☻ꜞfi ─ ╩ Fig. 

4-1-2 ⌐ ⇔√⁹3 ⌐ ∫√ OGTT ─ ⁸C57 ⌐ ⇔≡ Con⁸AP ≢◓ꜟ

☻כ◖ ─ ⅜ ⌐ ⇔√ A ⁹AUC ⌐≈™≡│ C57 ⌐ ⇔≡ Con

≢ ⌐ ⇔√⅜⁸Con ⌐ ⇔≡ AP ≢│ ⌂ │ ╘╠╣⌂⅛∫√ C ⁹

5 ⌐ ∫√ OGTT ─ ⁸C57 ⌐ ⇔≡ Con ☻כ◖ꜟ◓≢ ─

⅜ ⌐ ⇔⁸Con ⌐ ⇔≡ AP ≢│⁸ 30⁸60 ─ ─ ⅜

⌐ ↕╣√ B ⁹AUC ⌐≈™≡│ C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔⁸Con

⌐ ⇔≡ AP ≢│ ⌐ ╩ ⇔√ D ⁹▬fi☻ꜞfi │⁸C57 ⌐ ⇔≡

Con⁸AP ≢ ⌐ ⇔√⅜⁸Con ⌐ ⇔≡ AP ≢ ⌂ │ ╘╠╣⌂⅛∫

√ E ⁹ 

 

⁸ ⁸▬fi☻ꜞfi⁸▪♦▫ⱳ◘▬♩◌▬fi 

⁸ ⁸▬fi☻ꜞfi⁸▪♦▫ⱳ◘▬♩◌▬fi─ ╩ Table 4-1-3 ⌐

⇔√⁹ ♩ꜞ◓ꜞ☿ꜝ▬♪ │ C57 ⌐ ⇔≡ Con ≢ ⌐

⇔⁸Con ⌐ ⇔≡ AP ≢│ ⌐ ⇔√⁹ ꜟכ꜡♥☻꜠◖ ⌐⅔™≡│⁸C57

⌐ ⇔≡Con ≢ ⌐ ⇔⁸Con ≤ AP ≢│ ⌂ ⅜ ╘╠╣⌂⅛∫√⁹

HDL ≥ꜟכ꜡♥☻꜠◖ LDL ꜟכ꜡♥☻꜠◖ ⌐⅔™≡│⁸™∏╣╙ 3 ⌐ ⌂

│ ╘╠╣⌂⅛∫√⁹╕√⁸ ⱶכ꜡♥▪√⇔ ⌐≈™≡│⁸C57 ⌐ ⇔≡

Con ≢ ⌐ ╩ ⇔⁸Con ⌐ ⇔≡ AP ≢ ╩ ∆ ⅜╖╠╣√⁹ꜞ

fi │ 3 ≢ │ ╘╠╣⌂⅛∫√⁹ ⌐⅔™≡│⁸C57 ⌐

⇔≡ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡ AP ≢ ⌐ ⇔√⁹ 

│⁸C57 ⌐ ⇔ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡ AP ≢⁸∕─

⅜ ↕╣╢ ⅜╖╠╣√⁹▬fi☻ꜞfi ⌐≈™≡│⁸C57 ⌐ ⇔ Con ≢

⌐ ⇔⁸Con ≤ AP ⌐ ⌂ │ ╘╠╣⌂⅛∫√⁹ 
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▪♦▫ⱳ◘▬♩◌▬fi≢№╢꜠ⱪ♅fi⁸▪♦▫ⱳⱠ◒♅fi⁸ ▪♦▫ⱳⱠ◒

♅fi⁸TNF -a─ │ ─≤⅔╡≢№∫√⁹꜠ⱪ♅fi│⁸C57 ⌐ ⇔ Con ≢

⌐ ⇔⁸Con ⌐ ⇔≡ AP ≢│ ∆╢ ⅜╖╠╣√⁹▪♦▫ⱳⱠ◒♅

fi│⁸C57 ⌐ ⇔≡ Con⁸AP ≢ ⌐ ⇔√⁹ ▪♦▫ⱳⱠ◒♅fi│

Con ≤ ═≡ AP ≢ ∆╢ ⌐№∫√ 0.05<p<0.1 ⁹TNF -a⌐≈™≡│ 3

⌐ │ ╘╠╣⌂⅛∫√⅜⁸Con ⌐ ⇔≡ AP ≢ ⅜ ↕╣╢

⅜╖╠╣√⁹ 

 

 

 1 g№√╡─ ╩ Table 4-1-4⌐ ⇔√⁹ ⁸ ⁸ ◖꜠

ꜟכ꜡♥☻ ⁸ꜞfi ≤╙⌐ C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔√⁹ ◖꜠

ꜟכ꜡♥☻ ⌐⅔™≡│⁸Con ⌐ ⇔≡ AP ≢∕─ ⅜ ⌐ ↕╣√⁹ 

 

─ ה  

 ╩ Table 4-1-5⌐ ⇔√⁹ ─ ☻כ◖ꜟ◓╢№≢ 6-ⱱ☻ⱨ□♃כ

♀ G6Pase │⁸C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡ AP

≢╙ ⌐ ⇔√⁹ ─ ♀כ♫◐◖ꜟ◓╢№≢ GK │⁸C57

⌐ ⇔≡ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡ AP ≢ ⌐ ⇔√⁹

FAS │⁸C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡

AP ≢ ∆╢ ⌐№∫√ 0.05<p<0.1 ⁹b ≢№╢▪◦ꜟ CoA○◐◦♄

♀כ ACO │⁸C57 ⌐ ⇔≡ Con ≢ ⇔⁸Con ⌐ ⇔≡ AP ≢╙

∆╢ ⌐№∫√ 0.05<p<0.1 ⁹ 
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Fig. 4-1-1. Effects of AP on the blood glucose level (A), fasting blood glucose level (B), and 

HbA1c (C) on experimental term in KK-A
y 
mice. 

Each value is expressed as mean ± SEM (n=7). Values without a common letter differ 

significantly (p<0.05). *p<0.05, Con vs AP by Studentôs t-test. 
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Fig. 4-1-2.  Effects of AP on the blood glucose  

level during OGTT in KK-A
y 
mice.    

A: OGTT (3
rd
 week) 

B: OGTT (5
th
 week) 

C: AUC of OGTT (3
rd
 week) 

D: AUC of OGTT (5
th
 week) 

E: serum insulin level during OGTT (5
th
 week) 

OGTT was carried out on 3
rd
 week and 5tht week of the feeding period. All mice fasted for 

12 h before OGTT. The blood glucose level was determined using blood collected from 

the tail vein at 0, 30, 60, and 120 min after the oral administration of glucose (1 g/kg body 

weight). Each value is expressed as mean ± SEM (n=7). Values without a common letter 

differ significantly (p<0.05). *p<0.05, Con vs AP by Studentôs t-test. 

 

0 

100 

200 

300 

400 

0 30 60 90 120

B
lo

o
d

 g
lu

c
o

s
e
 (

m
g
/d

l)

Time (min)

a

a

b

a

a

b

A B 

C 
D 

E 



 

 54 

Table 4-1-2. Effects of AP on food intake, body, organ, and abdominal adipose tissue weight 

in KK-A
y
 mice. 

    KK-A
y
 

  C57 Con AP 

Initial body weight (g)   21.4 ± 0.2 
b
  32.2 ± 1.0 

a
   31.8 ± 0.6 

a
 

Final body weight (g)  25.2 ± 0.3 
b
  40.7 ± 1.1 

a
   39.2 ± 1.0 

a
 

Body weight gain (g)   3.8 ± 0.3 
b
  8.2 ± 0.2 

a
   7.4 ± 0.5 

a
 

Food intake (g) 154.3 ± 3.1  188.0 ± 15.8  188.1 ± 11.4  

Water intake (g)  343.8 ± 24.8 
b
 861.7 ± 47.4 

a
  811.4 ± 27.4 

a
 

Organ weight (g)    

Liver   0.96 ± 0.03 
b
  1.72 ± 0.06 

a
   1.63 ± 0.03 

a
 

 Kidney   0.37 ± 0.01 
b
  0.58 ± 0.02 

a
   0.55 ± 0.04 

a
 

 Pancreas   0.17 ± 0.03   0.20 ± 0.02    0.24 ± 0.02  

Abdominal adipose tissue (g)   0.63 ± 0.04 
b
  2.89 ± 0.24 

a
   2.76 ± 0.11 

a
 

  Perirenal fat   0.11 ± 0.01 
b
  0.62 ± 0.10 

a
   0.588 ± 0.07 

a
 

  Epididymal fat   0.42 ± 0.04 
b
  1.46 ± 0.11 

a
   1.42 ± 0.10 

a
 

Mesenteric fat   0.11 ± 0.02 
b
  0.81 ± 0.07 

a
   0.76 ± 0.03 

a
 

Each value is expressed as mean ± SEM (n=7).  

Values without a common letter differ significantly (p<0.05). 
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Table 4-1-3. Effects of AP on serum lipids, glucose, insulin, and adipocytokines in KK-A
y
 

mice. 

    KK-A
y
 

  C57 Con AP 

Triglyceride (mg/dl)   67.0 ± 9.0 
b
  182.7 ± 25.2 

a
   127.3 ± 14.2 

ab, #
  

Total cholesterol (mg/dl)   122.4 ± 1.9 
b
  163.5 ± 10.8 

a
   150.4 ± 8.3 

a
 

HDL cholesterol (mg/dl)   79.8 ± 2.9   88.6 ± 6.9   88.7 ± 6.8 

LDL cholesterol (mg/dl)
1
   29.3 ± 2.4  31.3 ± 4.4   32.1 ± 1.0 

Atherogenic index
2
   0.54 ± 0.04 

b
  0.76 ± 0.04 

a
   0.69 ± 0.05 

ab
 

Phospholipid (mg/dl)   224.6 ± 4.4   232.0 ± 22.0    203.5 ± 15.4  

Free fatty acid (mEq/l)   1.00 ± 0.09 
b
  1.59 ± 0.19 

a
   1.11 ± 0.06 

b, 
*  

Glucose (mg/dl)   146.3 ± 2.3 
b
  235.8 ± 25.0 

a
   196.5 ± 28.4 

ab
 

Insulin (ng/ml)   0.54 ± 0.14 
b
  3.64 ± 0.56 

a
   3.75 ± 0.80 

a
  

Leptin (ng/ml)   15.6 ± 1.5 
b
  2204.0 ± 354.0 

a
   1395.3 ± 300.5 

a
 

Adiponectin (mg/ml)   14.6 ± 0.57 
b
  9.6 ± 0.51 

a
   8.2 ± 1.1 

a
 

HMW adiponectin (mg/ml)   1.6 ± 0.1 
b
  1.7 ± 0.2 

ab
   2.2 ± 0.2 

a, #
 

TNF-a (pg/ml)   14.2 ± 2.0   17.2 ± 3.0   15.2 ± 2.5 

1
LDL cholesterol=Total cholesterol ï HDL cholesterol - triglyceride/5 

2
 Atherogenic index =(total cholesterol - HDL cholesterol)/ HDL cholesterol 

Each value is expressed as mean ± SEM (n=7).  

Values without a common letter differ significantly (p<0.05). 

*p<0.05, Con vs AP by Studentôs t-test. 

#
0.05<p<0.1, Con vs AP by Studentôs t-test. 
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Table 4-1-4. Effects of AP on liver lipids in KK-A
y
 mice. 

    KK-A
y
 

  C57 Con AP 

Liver lipids (mg/g liver) 

Total lipid 40.5 ± 1.4 
b
 57.8 ± 5.9 

ab
  58.8 ± 5.3 

a
 

Triglyceride  12.7 ± 1.0 
b
 24.4 ± 5.0 

a
  20.4 ± 3.7 

ab
 

Total cholesterol   3.5 ± 0.2 
c
  6.2 ± 0.5 

a
   4.9 ± 0.3 

b,
*  

Phospholipid   12.8 ± 0.4 
b
  16.1 ± 1.1 

a
   15.9 ± 1.0 

ab
 

Each value is expressed as mean ± SEM (n=7).  

Values without a common letter differ significantly (p<0.05). 

*p<0.05, Con vs AP by Studentôs t-test. 

 

 

Fig. 4-1-3. Effects of AP on liver lipids in KK-A
y
 mice.  

Each value is expressed as mean ± SEM (n=7). Values without a common letter differ 

significantly (p<0.05). *p<0.05, Con vs AP by Studentôs t-test. 

TG; Triglyceride, TC; Total cholesterol, PL; Phospholipid. 
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Table 4-1-5. Effects of AP on hepatic enzyme activities in KK-A
y
 mice. 

    KK-A
y
 

  C57 Con AP 

Hepatic enzyme activities  (nmol/min/mg protein)  

G6Pase 
1
  280.9 ± 28.3 

a
 116.4 ± 8.0 

b
 72.9 ± 13.1 

c,
*  

GK 
1
  0.37 ± 0.07 

b
   1.09 ± 0.12 

a
 0.23 ± 0.05 

b,
*  

FAS 
1
   3.33 ± 0.69 

b
   6.22 ± 0.34 

a
 4.84 ± 0.46 

ab, #
 

 ACO 
2
  2.02 ± 0.35 

b
    2.51 ± 0.45 

ab
 3.74 ± 0.50 

a#
 

Each value is expressed as mean ± SEM (n=7).  

Values without a common letter differ significantly (p<0.05). 

*p<0.05, Con vs AP by Studentôs t-test. 

#
0.05<p<0.1, Con vs AP by Studentôs t-test. 

1
Fatty acid synthase (FAS), glucose 6-phosphatase (G6Pase) and glucokinase (GK) activities 

were measured with the 9,000 × g supernatant of liver homogenate. 

2
Acyl-CoA oxidase (ACO) activity was measured with the 500 × g supernatant of the liver 

homogenate. 
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2  KK -Ayⱴ►☻⌐⅔↑╢▬♁◔ꜟ◦♩ꜞfi─  

4.2.1.  

1)  

│⁸6 ─ C57BL/6J ⱴ►☻( ◒꜠▪ )≤ 2

⸗♦ꜟⱴ►☻≢№╢ KK -Ay ⱴ►☻( ◒꜠▪)╩ ™√⁹ │⁸ 23 

± 1°C⁸ 55 ± 5%⁸12 ─ ◘▬◒ꜟ 8:00-20:00 ≤⇔⁸꞉▬ꜘכ◔כ☺

≢ ⇔√⁹ │ CE-2 ◒꜠▪ ≤ ╩

↕∑√⁹1 ⁸KK -Ayⱴ►☻│ ⅔╟┘ ⅜

⌐⌂╢╟℮⌐ 7-8 ∏≈ 3 ⌐ ↑⁸C57BL/6J ⱴ►☻ 6 │∕─╕╕⁸4 30

╩ ∫√⁹ │ 1 ↔≤⌐ ⁸ ⁸

╩⁸2 ↔≤⌐ ≤ ╩ ⇔√⁹ ⅔╟┘ │ ≤⇔

√⁹ ≤ ⌐│ ╟╡ ⇔ HbA 1c─ ╩ ∫√⁹ 3 18

≤ 4 25 ⌐ OGTT ╩ ∫√⁹ 

│⁸ C57 ⁸ Con ⁸▬♁◔ꜟ◦

♩ꜞfi 0.15% ╩ ∆╢ Q3G ⁸◔ꜟ☿♅fi 0.11%

╩ ∆╢ Que ─ 4 ≤⇔√⁹ │ 12 ⁸ⱠfiⱩ♃כꜟ

≢ ╟╡ ⇔⁸ ⁸ ⁸ ⁸ ╩ ⇔

√⁹ │ ⁸ ╩ ⁸ ≤≤╙⌐ ╕≢-80°C≢ ⇔√⁹ 

 

2)  

 ╩ Table 4-2-1⌐ ⇔√⁹ │ AIN -93G⌐ ∂≡ ⇔√

≢№╡⁸Q3G │ ⌐ 0.15%─▬♁◔ꜟ◦♩ꜞfi╩ ⇔⁸Que │ ⌐

0.11%─◔ꜟ☿♅fi 2 ╩ ⇔√⁹▬♁◔ꜟ◦♩ꜞfi≤◔ꜟ☿♅fi│⁸◔

ꜟ☿♅fi MW  302 ⅜ 0.10% ╕╣╢ ─ ⌐ ╦∑≡ ⇔√⁹ 
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Table 4-2-1.  Composition of the experimental diets (%) 

 C57 Con Q3G Que 

Casein 20.0 20.0 20.0 20.0 

Cornstarch 39.8 39.8 39.65 39.69 

a-Cornstarch 13.2 13.2 13.2 13.2 

Sucrose 10.0 10.0 10.0 10.0 

Cellulose powder 5.0 5.0 5.0 5.0 

Soybean oil 7.0 7.0 7.0 7.0 

Mineral mixture (AIN -93G-MX) a 3.5 3.5 3.5 3.5 

Vitamin mixture (AIN -93-VX) b 1.0 1.0 1.0 1.0 

L-Cystine 0.3 0.3 0.3 0.3 

Choline bitartrate 0.2 0.2 0.2 0.2 

isoquercitrin  

(Quercetin 3-O-glucoside) 

- - 0.15 - 

Quercetin - - - 0.11 

Total (%) 100.0 100.0 100.0 100.0 

a AIN -93G-MX and  bAIN -MX were obtained from Clea Japan, Tokyo, Japan.  

 

 

3) OGTT  

4 25 ⌐│ OGTT ╩ ∫√⁹12 ⁸1 g / kg BW ⌐⌂╢╟

℮⌐ ☻כ◖ꜟ◓√⇔ 1 ml ╩ ⇔⁸ ⁸ 30⁸60⁸120 ↔≤

⌐ ╟╡ ⇔⁸◓ꜟ♥☻♩☿fi♄כ╩ ™≡ ╩ ⇔√⁹╕√⁸ ⁸

30 ⁸60 ⌐│ ╟╡ ⇔⁸ ⁸ ╩ ⇔⁸꜠ⱦ☻▬fi☻

ꜞfi-ⱴ►☻◐♇♩ ◦Ᵽꜘ◑ ╩ ™≡⁸ELISA ⌐╟╡▬fi

☻ꜞfi ╩ ⇔√⁹ 

 

4)  

 4-1)  

│ 3000rpm⁸4ϴ⁸15 ⌐╟╡ ╩ ≡⁸ ╕≢-80ϴ
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≢ ⇔√⁹ 

♩ꜞ◓ꜞ☿ꜝ▬♪⁸ ⁸HDLꜟכ꜡♥☻꜠◖ fiꜞ⁸ꜟכ꜡♥☻꜠◖- ⁸

⁸☻כ◖ꜟ◓⁸ ⁸▬fi☻ꜞfi⁸

꜠ⱪ♅fi ◦Ᵽꜘ◑ ⁸▪♦▫ⱳⱠ◒♅fi

⁸ ▪♦▫ⱳⱠ◒♅fi ◦Ᵽꜘ◑

│⁸◌♇◖ ⌐ ⇔√ ─◐♇♩╩ ™≡ ⇔√⁹ 

 

 4-2)  

   ─ │ Folch ╠─ 59)⌐ ∫≡ ∫√⁹ 0.5 g⌐ⱷ♃ⱡכꜟ

2.5 ml ╩ ⅎⱱ⸗☺♫▬☼⇔⁸◒꜡꜡ⱱꜟⱶ 5 ml ╩ ⅎ⁸ ⱱ⸗☺♫▬☼⇔√⁹

∕─ ⁸ⱱ⸗☺Ⱡכ♩╩ TOYO No.2 ≢ ⇔⁸ ╩ ⌐

┘ ⇔√ ◒꜡꜡ⱱꜟⱶ ⱷ♃ⱡכꜟ 2 1 ╩ 7.5 ml ⅎ⁸ ≤℮ ⇔

√⁹ ┘ ⇔⁸ ╠╣√ ⌐ 1/4 ─ 0.88% ◌ꜞ►ⱶ ╩ ⅎ⁸ ≤

℮ ⇔⁸ ≤ ⌐ ⇔√ ⁸ ◒꜡꜡ⱱꜟⱶ ╩ ⇔√⁹

│◒꜡꜡ⱱꜟⱶ≢ 10 ml ⌐ ⇔⁸↓─℮∟─ 5 ml ╩ ⇔⁸♪ꜝⱨ♩ ≢

↕∑⁸ ≢ ⁸ ─ ╩ ∫√⁹ ╠╣√ │▬

♁ⱪ꜡Ⱨꜟ▪ꜟ◖כꜟ 1 ml ⌐ ↕∑⁸♩ꜞ◓ꜞ☿ꜝ▬♪⁸ ⁸ꜟכ꜡♥☻꜠◖

ꜞfi ─ ╩ ∫√⁹ ⌐│ ≤ ⌐ ─ ◐

♇♩╩ ™√⁹ 

 

 4-3)  

⇔ ⇔√ 0.1 g⌐◄♃ⱡכꜟ 2 ml ╩ ⅎ⁸80ϴ≢ ⇔√⁹

3000rpm⁸4ϴ⁸10 ⇔≡ ╩ √⁹ ⌐│ ◄♃ⱡכꜟ 2 ml

╩ ⅎ⁸ ≤℮ ⇔⁸ ⌐╟╡ ╩ √⁹↓─ ╩╙℮ ╡

⇔⁸ ╠╣√ │ ╦∑≡ 10 ml ⌐ ⇔⁸∕─ ≢№╢ 5.0 ml ╩ ⇔⁸

◄Ᵽⱳ꜠כ♃כ╩ ™≡ ≢ ↕∑√⁹∕─ ≢ ↕∑⁸

─ ╩ ∫√⁹ ╠╣√ │◄♃ⱡכꜟ 0.25 ml ⌐ ⇔⁸♩ꜞ

◓ꜞ☿ꜝ▬♪⁸ ⁸ꜟכ꜡♥☻꜠◖ ─ ╩ ∫√⁹ ⌐│

─ ◐♇♩╩ ™√⁹ 
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ה (4-4  

4-4-1 ─  

0.5 g╩ ≢0.25 M ◦ꜛ ≤1 mM EDTA ╩ ╗10 mM ♩ꜞ☻

pH7.2 5 ml≢ⱱ⸗☺♫▬☼⇔√⁹ ╠╣√ ⱱ⸗☺Ⱡכ♩─ │◌

ꜟ♬♅fiⱤꜟⱵ♩▬ꜟ CPT ⌐ ⇔√⁹∕─ ⁸500 × g⁸

4ϴ≢10 ⇔⁸ ╩ ⁸▪◦ꜟCoA ○◐◦♄כ♀ ACO

⌐ ⇔√⁹ │↕╠⌐⁸9,000 × g⁸4ϴ≢10 ⇔≡Ⱶ♩◖fi♪

ꜞ▪ ╩ ↕∑⁸ ╩ √⁹∕─ ⁸ ⌐╟╡⁸105,000 × g⁸

4ϴ≢60 ⇔≡ ╩◘▬♩♂ꜟ ≤⇔≡ ⇔√⁹◘▬♩♂ꜟ

│ FAS ♀כ♃□ⱱ☻ⱨ-6 ☻כ◖ꜟ◓⁸ G6Pase ─

⌐ ⇔√⁹ ◘fiⱪꜟ│⁸ ╕≢⌐-80ϴ≢ ⇔√⁹ 

 

4-4-2 ♃fiⱤ◒ ─  

♃fiⱤ◒ │Lowry 69)≢ ⇔√⁹ ╕√│ ►◦ ▪ꜟⱩⱵ

fi 2 ml⌐ 2% ♫♩ꜞ►ⱶ/0.1N ♫♩ꜞ►ⱶ 0.5% /1%

◌ꜞ►ⱶ♫♩ꜞ►ⱶ 50 1 100 ml╩ ⅎ⁸ ⇔√⁹ ≢10

⁸10 ⌐ ⇔√ⱨ▼ⱡכꜟ ╩50 ml ⅎ⁸ ⇔√⁹ ≢30

⁸640nm─ ╩ ⇔√⁹ 

 

4-4-3 ◌ꜟ♬♅fi▪◦ꜟ♩ꜝfi☻ⱨ▼ꜝכ♀II CPT II  

CPT II │Markwell ╠─ 74)≢ ⇔√⁹ 0.25 mM DTNB ⁸1.25 

mM EDTA ⅔╟┘0.1% Triton -X100╩ ╗58 mM ♩ꜞ☻ pH8.0

⌐ ⱱ⸗☺Ⱡכ♩╩ ⇔⁸30ϴ⁸412nm ≢3 ⇔OD─ ⅜ ╘╠╣

⌂ↄ⌂∫√ ≢⁸ⱤꜟⱵ♩▬ꜟCoA 0.04 mM ╩ ⇔⁸ ┘⁸3

⇔√ Ⱪꜝfi◒ ⁹∕─ ⁸L-◌ꜟ♬♅fi 1.25 mM ╩

⇔⁸▪◦ꜟCoA⅛╠ ⇔√CoA─ ╩3 ⇔√ 1 ml ⁹ ╠

╣√ ⅛╠Ⱪꜝfi◒─ ╩ ⇔ ↄ↓≤⌐╟╡CoA─

╩ ╘√ CoA ≤DTNB ⅛╠ ∂╢ TNB ─⸗ꜟ 13,600 ⁹ 
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4-4-4 FAS  

FAS │Kelley╠─ 70)≢ ⇔√⁹ 0.05 mM ▪☿♅ꜟCoA⁸0.3 

mM NADPH ⅔╟┘0.2 mM EDTA ╩ ╗100 mMꜞfi ◌ꜞ►ⱶ

pH7.0 ⌐9000 × g ╩ ⇔⁸NADPH ─ ╩30ϴ⁸340 nm ≢2

⇔ Ⱪꜝfi◒ ⁸∕─ ⱴ꜡♬ꜟCoA 0.2 mM ╩ ⅎ≡

⇔⁸↕╠⌐2 ⇔√ 1 ml ⁹ ╠╣√ ⅛╠Ⱪꜝfi◒

─ ╩ ⇔ ↄ↓≤⌐╟╡⁸NADPH ─ ╩ ╘√ NADPH ─

6,220 ⁹ 

 

 4-4-5 ♀כ♃□ⱱ☻ⱨ-6 ☻כ◖ꜟ◓ G6Pase  

G6Pase │ Lange ╠─ 73)⌐ ∫√⁹ ⌐ 1 ml⁸10 mM G6P 

50 ml⁸9000 × g 10 ml╩ ⅎ≡ 37ϴ⁸20 ▬fi◐ꜙⱬ⁸270⇔♩כ mM

 (3.7 mM ⸗ꜞⱩ♦fi ▪fi⸗♬►ⱶ⁸240 mM ♪♦◦ꜟ ♫♩ꜞ►ⱶ 

(SDS) ) 220 ml ≢ ╩ ⇔√⁹ ™≢ 1.2 M ▪☻◖ꜟⱦfi 50 ml ⅎ≡

30  (820 nm) ╩ ⇔√⁹ ─ ⌐│⁸0.1⁸1⁸3⁸

5⁸10 M ─ꜞfi ╩ ™√⁹ 

 

 4-5 ─  

   │ ⌐ 30 mg╩ ╡ ↑⁸ ∟⌐RNAlater Ambion⁸Austi n, 

USA ⌐ ⇔ 4ϴ≢ ⇔√⁹∕─ ⁸ ╕≢-20ϴ≢ ⇔√⁹ 

   RNA │⁸ Absolutely RNA Miniprep Kit Stratagene  An Agilent 

Technologies Division , Santa Clara,  USA ╩ ™≡ ⇔√⁹1mg─ RNA ╟

╡ AffinityScript QPCR cDNA Synthesis Kit Stratagene  An Agilent 

Technologies Division , Santa Clara,  USA ╩ ™≡ cDNA ─ ╩ ∫√ ⁸

Brilliant III Ultra -Fast SYBR Green QPCR Master Mix Kit Stratagene  An 

Agilent Technologies Division , Santa Clara,  USA ╩ ™≡⁸Mx3000P 

Real-Time QPCR System Stratagene  An Agilent Technologies Division , Santa 

Clara,  USA ⌐╟╢ ╩ ∫√⁹ │⁸Step 1 95ϴ 3 min⁸Step 2

95ϴ 10 s ⅔╟┘ 60ϴ 20 s × 40 cycles≢ ∫√⁹Ɫ►☻◐כⱧfi◓

≢№╢ GAPDH ╩ ─♃כ♦⁸™ ╩ ∫√⁹ ⌐ ™√ ─ⱪꜝ▬ⱴ
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כ │ Table 4-2-2⌐ ⇔√⁹ⱪꜝ▬ⱴכ│♃◌ꜝⱣ▬○ ⁸

⅛╠ ⇔√⁹ 

 

Table 4-2-2. Sequence of primers used for real-time quantitative PCR 

Name  Sequence Accession 

GAPDH Forward TGTGTCCGTCGTGGATCTGA NM_008084.2 

 Reverse TTGCTGTTGAAGTCGCAGGAG  

SREBP-1c Forward GGGACAGCTTAGCCTCTACACCAA NM_011480.3 

 Reverse GACTGGTACGGGCCACAAGAA  

SREBP-2 Forward CCCACTCAGAACACCAAGCAT NM_033218.1 

 Reverse TGGCAGTAGCTCGCTCTCGT  

PPARa Forward ACTGTCCTTGGTGCCATCCTC NM_011144.6 

 Reverse GCCCTGTATCCACAACAAGCTG  

PPARg Forward TGTCGGTTTCAGAAGTGCCTTG NM_011146.3 

 Reverse TTCAGCTGGTCGATATCACTGGAG  

HMG-CoA 

reductase 

Forward CTCGTTAGCACTGGTCCAGGAA NM_008255.2 

Reverse GGCTCCATCATTGGCTCTGTAAG  

 

 

5)  

│ ± ≢ ⇔√⁹ ─ │ ANOVA

╩ ∫√ ⌐ Tukey -Kramer test ⌐≡ ╩ ∫√⁹p<0.05 ╩

⌐ ≤⇔⁸▪ꜟⱨ□ⱬ♇♩─ ⌂╢ ⌐⅔™≡ №╡≤⇔√⁹Con

⌐ ∆╢ Q3G ╕√│ Que ─ 2 ─ │ Student õs t -test ╩ ™≡

⇔√⁹ │⁸◄◒☿ꜟ 2008 ☻ⱦכ◘

╩ ™√⁹ 

 

 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_008084.2
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_011480.3
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_033218.1
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_011144.6
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_011146.3
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide&dopt=GenBank&term=NM_008255.2
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4.2.2.  

⁸ ⁸ ⁸ ⁸  

 ╩ Table 4-2-3 ⌐ ⇔√⁹ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ≤╙⌐ C57 ⌐ ⇔≡ Con ≢ ⌐

⇔√⅜⁸Con ⌐ ⇔≡ Q3G⁸Que ⌐ │ ╘╠╣⌂⅛∫√⁹ 

 

OGTT  

 3 ≤ 4 ⌐ ∫√ OGTT ─ ≤∕─ AUC ⁸4 ⌐

∫√ OGTT ─ ☻כ◖ꜟ◓─ 0⁸30⁸60 ─ ▬fi☻ꜞfi ─ ╩ Fig. 

4-2-1⌐ ⇔√⁹3 ⌐ ∫√ OGTT ─ ⁸C57 ⌐ ⇔≡ Con⁸Q3G⁸Que

☻כ◖ꜟ◓≢ ─ ⅜ ⌐ ⇔⁸ 60 ≢│ Con ⌐ ⇔≡ Q3G

≢∕─ ⅜ ⌐ ↕╣√ A ⁹AUC ⌐≈™≡│ C57 ⌐ ⇔≡ Con ≢

⌐ ⇔⁸Con ⌐ ⇔≡ Q3G ≢│ ⌐ ╩ ⇔⁸Que ≢│ │

╘╠╣⌂⅛∫√ C ⁹4 ⌐ ∫√ OGTT ─ ⁸C57 ⌐ ⇔≡ Con ≢◓ꜟ

☻כ◖ ─ ⅜ ⌐ ⇔⁸Con ⌐ ⇔≡ Q3G⁸Que ≢│⁸ ⌂

│ ╘╠╣⌂⅛∫√ B ⁹AUC ⌐≈™≡│C57 ⌐ ⇔≡Con ≢ ⌐ ⇔⁸

Con ⌐ ⇔≡ Q3G ≢│ ╩ ∆ ⅜╖╠╣√ D ⁹▬fi☻ꜞfi │⁸C57

⌐ ⇔≡ Con⁸Q3G⁸Que ≢ ⌐ ⇔√⅜⁸Con ⌐ ⇔≡ Q3G⁸Que

≢ ⌂ │ ╘╠╣⌂⅛∫√ E ⁹ 

 

⁸ ⁸HbA 1c⁸▬fi☻ꜞfi⁸▪♦▫ⱳ◘▬♩◌▬fi 

╩ Table 4-2-4 ⌐ ⇔√⁹ ⁸ ⁸ꜟכ꜡♥☻꜠◖

│ C57 ⌐ ⇔≡ Con ≢ ⇔⁸Con ⌐ ⇔≡ Q3G ≢│ ∆╢ ⅜╖╠

╣√⅜⁸Que ⌐⅔™≡│⁸ ∆╢ ⅜╖╠╣√⁹HDL ⁸LDLꜟכ꜡♥☻꜠◖

ⱶכ꜡♥▪⁸ꜟכ꜡♥☻꜠◖ ⁸ꜞfi ⌐⅔™≡⁸4 ⌐ ⌂ │ ╘╠

╣⌂⅛∫√⁹ 

│⁸Con ⌐ ⇔≡ Q3G ≢⁸ ⅜ ↕╣╢ ⅜╖╠╣√⁹HbA1c

⌐⅔™≡│⁸C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡ Q3G⁸Que

≢ ⌐ ↕╣╢ ⌐№∫√ 0.05<p<0.1 ⁹▬fi☻ꜞfi ⌐≈™≡│⁸C57

⌐ ⇔Con ≢ ⌐ ⇔⁸Con ⌐ ⇔≡Que ≢ ╩ ⇔ ⅜╖╠╣√⁹ 
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▪♦▫ⱳ◘▬♩◌▬fi≢№╢꜠ⱪ♅fi⁸▪♦▫ⱳⱠ◒♅fi⁸ ▪♦▫ⱳⱠ◒

♅fi⁸TNF -a⌐⅔™≡│⁸Con ⌐ ⇔≡ Q3G⁸Que ≢ │ ╘╠╣⌂⅛∫

√⁹ 

 

 

 1 g№√╡─ ╩ Table 4-2-5⌐ ⇔⁸Fig. 4-2-2⌐ ⇔√⁹ ⁸

⁸ ꜟכ꜡♥☻꜠◖ ⁸ꜞfi ≤╙⌐ Con ⌐ ⇔≡ Q3G ≢

⌐ ⇔√⁹ ⌐⁸Que ≢│ Con ⌐ ═≡⁸ ─ ⅜ ╕√│ ⌐

⇔√⁹ 

 

 

 2 ≢ ↕╣√ ≤ ╩ Table 4-2-6⌐ ⇔√⁹ ⌐⅔™≡⁸

C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔√⅜⁸Con ⌐ ⇔≡ Q3G⁸Que ⌐ ⌂

│ ╘╠╣⌂⅛∫√⁹ ⌐⅔™≡⁸ ⁸ ⁸ ◖꜠☻

ꜟכ꜡♥ ⁸ │™∏╣╙ C57 ⌐ ⇔≡ Con ≢ ⌐ ⇔√⁹Con

⌐ ⇔≡⁸Q3G ≢│ ∆╢ ⌐№∫√⅜⁸Que ≢│ ∆╢ ⌐№∫√⁹ 

 

─ ה  

 ╩ Table 4-2-7⌐ ⇔√⁹ ─ ☻כ◖ꜟ◓╢№≢ 6-ⱱ☻ⱨ□♃כ

♀ G6Pase │⁸Con ⌐ ⇔≡ Q3G⁸Que ≢ ⌂ │ ╘╠╣⌂⅛∫√⁹

FAS │⁸Con ⌐ ⇔≡ Q3G ≢ ⌐ ⇔√⁹b

≢№╢◌ꜟ♬♅fiⱤꜟⱵ♩▬ꜟ CPT │⁸Con ⌐ ⇔≡ Q3G

≢ ∆╢ ⌐№╡ 0.05<p<0.1 ⁸Que ≢ ⌐ ⇔√⁹ 

 

─ ─  

 Fig. 4 -2-3⌐ ╩ ⇔√⁹Con ╩ 1≤⇔√ ─ ≢ ⇔√⁹ ╩

∆╢ ≢№╢ SREBP Sterol Regulatory Element -binding Protein ≤

≢ ≢№╢ PPAR Peroxisome proliferator -activated receptor ≤

ꜟכ꜡♥☻꜠◖ ≢№╢ HMG -CoA ─ ╩ ∫√⁹

Con ≤ ⇔≡ Q3G ≢│ PPARa─ ⅜ ⌐ ⇔√⁹Que ⌐⅔™≡│⁸
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SREBP-1c ─ ⅜ ⌐ ⇔⁸PPAR a─ ⅜ ⌐ ⇔√⁹PPARg─

│ Q3G⁸Que ≤╙⌐ ⅜ ⌐ ↕╣√⁹SREBP-2≤ HMG -CoA ⌐

⇔≡│⁸Q3G⁸Que ≢ Con ⌐ ⇔≡ ⌂ ⅜ ╘╠╣⌂⅛∫√⁹ 
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Fig. 4-2-1.  Effects of isoquercitrin and  

quercetin on the blood glucose level  

during OGTT in KK-A
y 
mice.    

A: Blood glucose level (3
rd
 week) 

B: Blood glucose level (4
th
 week) 

C: AUC of OGTT (3
rd
 week) 

D: AUC of OGTT (4
th
 week) 

E: Serum insulin level during OGTT (4
th
 week) 

OGTT was carried out on 3
rd
 week and 4

th
 week of the feeding period. All mice fasted for 

12 h before OGTT. The blood glucose level was determined using blood collected from 

the tail vein at 0, 30, 60, and 120 min after the oral administration of glucose (1 g/kg body 

weight). Each value is expressed as mean ± SEM (n=7-8). Values without a common letter 

differ significantly (p<0.05). *p<0.05, Con vs Q3G or Que by Studentôs t-test. 

 

B A 

C D 

E 
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Table 4-2-3. Effects of isoquercitrin and quercetin on food intake, body, organ, and abdominal adipose tissue weight 

in KK-A
y
 mice. 

    KK-A
y
 

  C57 Con Q3G Que 

Initial body weight (g)   19.3 ± 0.2 
b
  28.9 ± 0.4 

a
  29.1 ± 0.5 

a
   29.6 ± 0.5 

a
 

Final body weight (g)  23.7 ± 0.2 
b
  36.6 ± 0.5 

a
  37.7 ± 1.1 

a
   39.2 ± 1.1 

a
 

Body weight gain (g)   4.4 ± 0.3 
b
  7.7 ± 0.4 

a
  8.5 ± 0.7 

a
   9.6 ± 0.7 

a
 

Food intake (g)  133.4 ± 1.1 
b
  187.0 ± 2.4 

a
  190.3 ± 3.5 

a
   186.7 ± 3.8 

a
 

Water intake (g)  98.8 ± 5.6 
b
 522.7 ± 30.6 

a
 498.2 ± 31.9 

a
  436.8 ± 36.9 

a
 

Organ weight (g)     

Liver   0.86 ± 0.02 
b
  1.44 ± 0.04 

a
  1.45 ± 0.05 

a
   1.60 ± 0.07 

a
 

 Kidney   0.28 ± 0.02 
b
  0.49 ± 0.01 

a
  0.55 ± 0.02 

a
   0.53 ± 0.04 

a
 

Abdominal adipose tissue (g)   0.69 ± 0.04 
b
  2.50 ± 0.08 

a
  2.40 ± 0.17 

a
   2.50 ± 0.16 

a
 

  Perirenal fat   0.10 ± 0.01 
b
  0.27 ± 0.04 

a
  0.31 ± 0.03 

a
   0.26 ± 0.04 

a
 

  Epididymal fat   0.44± 0.03 
b
  1.48 ± 0.05 

a
  1.44 ± 0.10 

a
   1.46 ± 0.10 

a
 

Mesenteric fat   0.15 ± 0.01 
b
  0.75 ± 0.05 

a
  0.65 ± 0.07 

a
   0.78 ± 0.06 

a
 

Each value is expressed as mean ± SEM (n=7-8).   

Values without a common letter differ significantly (p<0.05). 

6
8

 



 

 69 

Table 4-2-4. Effects of isoquercitrin and quercetin on serum lipids, glucose, HbA1c, insulin, and adipocytokines levels in KK-A
y
 mice. 

     KK-A
y
 

  C57 Con Q3G Que 

Triglyceride (mg/dl)   60.5 ± 5.6 
b
  123.0 ± 15.1 

a
  104.0 ± 14.3 

ab
   136.0 ± 14.4 

a
  

Total cholesterol (mg/dl)   131.5 ± 4.0  142.1 ± 7.4  126.4 ± 12.8   148.3 ± 11.3 

HDL cholesterol (mg/dl)   97.8 ± 3.4   97.2 ± 9.0  87.8 ± 13.3   103.1 ± 10.1 

LDL cholesterol (mg/dl)
1
   21.6 ± 1.0  23.7 ± 6.2  21.1 ± 4.1   18.0 ± 5.0 

Atherogenic index
2
   0.35 ± 0.02  0.50 ± 0.08  0.53 ± 0.10   0.47 ± 0.07 

Phospholipid (mg/dl)   239.4 ± 4.3   201.3 ± 16.7   201.8 ± 22.1    237.9 ± 22.9  

Free fatty acid (mEq/l)   2.80 ± 0.16 
b
  4.02 ± 0.24 

ab
  3.69 ± 0.43 

ab
   4.48 ± 0.38 

a 
 

Glucose (mg/dl)   288.3 ± 45.4 
ab

  174.6 ± 2.9 
ab

  154.0 ± 8.9 
a
   202.1 ± 11.4 

b
 

HbA1c (%)   5.0 ± 0.4 
b
  7.9 ± 0.4 

a
  7.0 ± 0.3 

a, #
   7.0 ± 0.3 

a, #
 

Insulin (ng/ml)   0.49 ± 0.11 
b
  4.29 ± 1.01 

a
  4.13 ± 0.78 

a
   3.41 ± 0.64 

ab
  

Leptin (ng/ml)   3.7 ± 0.4 
b
  198.9 ± 46.9 

a
  200.3 ± 63.8 

a
   329.8 ± 82.9 

a
 

Adiponectin (mg/ml)   28.0 ± 1.6 
a
  9.9 ± 0.6 

b
  8.4 ± 0.2 

b
   8.9 ± 0.4 

b
 

HMW adiponectin (mg/ml)   0.72 ± 0.21   0.81 ± 0.22  0.99 ± 0.11   2.14 ± 0.70 

TNF-a (pg/ml)   27.3 ± 14.4   50.7 ± 14.8  50.7 ± 8.7   29.3 ± 7.6 

1LDL cholesterol=Total cholesterol ï HDL cholesterol - triglyceride/5 2Atherogenic index =(total cholesterol - HDL cholesterol) / HDL cholesterol 

Each value is expressed as mean ± SEM (n=7-8). Values without a common letter differ significantly (p<0.05). #0.05<p<0.1, Con vs Q3G or Que by Studentôs t-test. 

6
9
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Table 4-2-5. Effects of isoquercitrin and quercetin on liver lipids in KK-A
y
 mice. 

     KK-A
y
 

  C57 Con Q3G Que 

Liver lipids (mg/g liver) 

Total lipid 52.2 ± 3.5 
b
 60.9 ± 3.7 

ab
  47.9 ± 2.5 

b,
*   69.8 ± 6.0 

a
 

Triglyceride  16.6 ± 1.6
 ab

 16.3 ± 1.4 
ab

  11.4 ± 1.2 
b,
*   22.0 ± 2.9 

a
 

Total cholesterol   0.51 ± 0.08 
b
  3.7 ± 0.2 

a
   1.7 ± 0.1 

c,
*    2.4 ± 0.3 

c,
*  

Phospholipid   5.7 ± 0.5 
bc

  6.9 ± 0.2 
ab

   5.7 ± 0.2 
c,
*    7.2 ± 0.4 

a,
*  

Each value is expressed as mean ± SEM (n=7-8).  

Values without a common letter differ significantly (p<0.05).  *p<0.05, Con vs Q3G or Que by Studentôs t-test. 

 

 

 

Fig. 4-2-2. Liver lipids  

Each value is expressed as mean ± SEM (n=7-8). Values 

without a common letter differ significantly (p<0.05). 

*p<0.05, Con vs Q3G, Que by Studentôs t-test. 

TG; Triglyceride, TC; Total cholesterol, PL; Phospholipid. 
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Table 4-2-6. Effects of isoquercitrin and quercetin on fecal excretion of lipids for 2days in KK-A
y
 mice. 

     KK-A
y
 

  C57 Con Q3G Que 

Feces dry weight (g/2 d) 0.58 ± 0.02 
b
 1.00 ± 0.04 

a
 1.04 ± 0.04 

a
 1.01 ± 0.05 

a
 

Feces excretion (mg/2 d)     

Total lipid  (mg/2 d) 14.7 ± 0.9 
b
 42.6 ± 3.9 

a
 53.3 ± 8.5 

a
 41.0 ± 8.6 

ab
 

Triglyceride  (mg/2 d) 1.03 ± 0.18 
b
 3.02 ± 0.54 

ab
 3.76 ± 1.13 

a
 1.50 ± 0.37 

ab,
*  

Total cholesterol  (mg/2 d) 2.33 ± 0.21 
c
 4.47 ± 0.30 

ab
 5.62 ± 0.88 

a
 3.26 ± 0.35 

bc,
*  

Total bile acid (mmol/2 d) 1.83 ± 0.08 
b
 4.41 ± 0.31 

a
 5.41 ± 0.54 

a
 2.84 ± 0.37 

b,
*  

Feces were collected for 2 days. 

Each value is expressed as mean ± SEM (n=7-8).  

Values without a common letter differ significantly (p<0.05).   

*p<0.05, Con vs Q3G or Que by Studentôs t-test. 

 

 

 

  

7
1
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Table 4-2-7. Effects of isoquercitrin and quercetin on hepatic enzyme activities in KK-A
y
 mice. 

    KK-A
y
 

  C57 Con Q3G Que 

Hepatic enzyme activities  (nmol/min/mg protein)   

G6Pase
1
 29.8 ± 8.85 

a
 8.60 ± 0.84 

b
 8.41 ± 0.29 

b
 8.50 ± 1.05 

b
 

FAS
1
 1.27 ± 0.32 

ab
 1.08 ± 0.18 

a
 0.21 ± 0.02 

b,
*  0.78 ± 0.27 

ab
 

CPT
2
 9.97 ± 0.84 8.97 ± 0.62 10.1 ± 0.69 

#
 11.4 ± 1.09 *  

Each value is expressed as mean ± SEM (n=7).  

Values without a common letter differ significantly (p<0.05). 

*p<0.05, Con vs Q3G or Que by Studentôs t-test. 

#
0.05<p<0.1, Con vs Q3G or Que by Studentôs t-test. 

 

1
Fatty acid synthase (FAS) and glucose 6-phosphatase (G6Pase) activities were measured with the 100,000 × g supernatant of 

liver homogenate. 

2
Carnitine palmitoyltransferase (CPT)

 
was measured with the whole liver homogenate. 

 

 

 

7
2
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Fig. 4-2-3. Relative hepatic mRNA expression levels of several transcritption factors.  

 

These mRNA normalized to Gapdh mRNA levels were determined by real-time PCR. 

Each value is expressed as mean ± SEM (n=4).  

Values without a common letter differ significantly (p<0.05).  

*p<0.05, Con vs Q3G or Que by Studentôs t-test. 

0.0 

0.5 

1.0 

1.5 

C57 Con Q3G Que

R
e

la
ti
v
e

 m
R

N
A

 e
x
p

re
s
s
io

n SREBP-1c

b

a ab

ab, *

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

C57 Con Q3G Que

R
e

la
ti
v
e

 m
R

N
A

 e
x
p

re
s
s
io

n SREBP-2

ab ab
b

a

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

C57 Con Q3G QueR
e

la
ti
v
e

 m
R

N
A

 e
x
p

re
s
s
io

n PPAR a

ab, *
a, *

bc
c

0.0 

0.5 

1.0 

1.5 

C57 Con Q3G QueR
e

la
ti
v
e

 m
R

N
A

 e
x
p

re
s
s
io

n PPAR g

ab

a

b, * b, *

0

1

2

3

C57 Con Q3G Que

R
e

la
ti
v
e

 m
R

N
A

 e
x
p

re
s
s
io

n HMG-CoA reductase

a

b

bab



  

 

 74 

4.3  

 3 ⌐⅔™≡⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP ─ ⅜⁸ ─

╩ ⇔⁸▬fi☻ꜞfi ─ ≤⌂╢ FFA⁸TNF -a─ ╩ ⇔√↓≤⅛╠⁸

╩ ∆╢↓≤⅜ ↕╣√√╘⁸ ≢│⁸AP ─ ╩ KK -Ay

ⱴ►☻╩ ™≡ ⇔√⁹╕√⁸ 2 ≢ ╙ ™ⱴꜟ♃כ♀ ╩ ⇔√▬♁

◔ꜟ◦♩ꜞfi⌐≈™≡╙⁸ ⌐ KK -Ayⱴ►☻╩ ™≡ ╩ ⇔√⁹∕

─ ⁸▬♁◔ꜟ◦♩ꜞfi─▪◓ꜞ◖fi≢№╢◔ꜟ☿♅fi≤─ ╙ ∫√⁹ 

 KK -Ayⱴ►☻│⁸KK ⱴ►☻⌐ ה ה ⌂≥╩ ∆╢ Ay

⅜ ↕╣⁸KK ⱴ►☻╟╡ 7-8 ⅛≈ ⌐ ה ╩ ∆╢ 2

⸗♦ꜟⱴ►☻≢№╢⁹╕√⁸ ╘│ C57BL/6J ⌐ Ay ╩ ⇔√

C57BL/6J -Ay ≤ KK ⱴ►☻╩ ↕∑⁸KK -Ay ⱴ►☻╩ ⇔√↓≤⅛╠⁸KK -Ay

ⱴ►☻─ ≤⇔≡ C57BL/6J ⱴ►☻╩ ™╢↓≤⅜ ™⁹ ∞↑≢⌂ↄ⁸№

╢ ⁸ ⁸ ⌐ ⁸ ▬fi☻ꜞfi ⁸ ꜝfi◕ꜟⱢfi☻

⌂≥─ ╩ ∆⅜⁸ob/ob╛ db/dbⱴ►☻⌐ ═╢≤ ≢№╢ 75, 76)⁹ 

 1 ⌐⅔™≡⁸◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ ⇔√ KK -Ayⱴ►☻ AP

⌐⅔™≡│⁸Con ⌐ ⇔≡ ⌂ ⁸ ⌐ ⌂ │ ╘╠

╣⌂⅛∫√⅜⁸ ─ │ ↕╣╢ ⌐№∫√⁹ ⅜

↕╣√─│ ─ ≢№╢ G6Pase ─ ⅜ ∆╢↓≤⅜ ↕

╣√⁹╕√⁸ 5 ⌐ ∫√ OGTT ☻כ◖ꜟ◓│≡™⅔⌐

─ ≤ AUC ⅜ ⌐ ↕╣√⁹⇔⅛⇔⁸3 ⌐

∫√ OGTT ≢│ │ ╘╠╣⌂⅛∫√√╘⁸AP ─╟╡ ⌂ ⌐╟∫≡⁸

⅜ ↕╣╢↓≤⅜ ↕╣√⁹╕√⁸5 ⌐ ∫√ OGTT ─ כ◖ꜟ◓⌐

☻ 0⁸30⁸60 ─▬fi☻ꜞfi ╩ ⇔√≤↓╤⁸▬fi☻ꜞfi ⌐⅔™≡

│⁸Con ≤ ⌂ │ ╠╣⌂⅛∫√⁹AP ☻כ◖ꜟ◓│≢ ─

⅜ ⌐ ↕╣√⅜⁸▬fi☻ꜞfi ─ ⌐│ ⅜ ╘╠╣⌂⅛∫√⁹ ─

↓≤⅛╠⁸▬fi☻ꜞfi │ ∂≢╙⁸ ─ ⅜ ⌐ ↕╣√↓≤⅛╠⁸

AP │▬fi☻ꜞfi ╩ ⇔√↓≤⅜ ↕╣√⁹╕√⁸▬fi☻ꜞfi ─

─ ≈≤↕╣╢ TNF -a77)─ ≤⁸▬fi☻ꜞfi ─№╢ ▪

♦▫ⱳⱠ◒♅fi 78) ─ ⅜▬fi☻ꜞfi ─ ⌐ ⇔≡™╢↓≤⅜ ↕

╣√⁹ ⅛╠ ↕╣╢▪♦▫ⱳⱠ◒♅fi⌐│⁸12-18 ─ HMW ⁸
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6 ─ ⁸3 ─ ─▪♦▫ⱳⱠ◒♅fi⅜ ⇔⁸ ⁸▬

fi☻ꜞfi ⌂≥─ ╩ ∆─│⁸ ≢№╢ 79)⁹ 

≤⁸ FFA │ ⌐ ↕╣√⁹↓╣│⁸

FAS ─ ≤b ≢№╢▪◦ꜟ CoA○◐◦♄כ♀ ACO ─

⌐╟╡⁸ ─ ⅜ ↕╣√↓≤⅜ ≢№╢≤ ↕╣√⁹◖꜠☻

⌐ꜟכ꜡♥ ⇔≡│⁸ ꜟכ꜡♥☻꜠◖─ ⅜ ∆╢ ⱶכ꜡♥▪⁸╡№⌐

╙ ⌐№∫√⁹∕╣⌐≤╙⌂™⁸ ─ꜟכ꜡♥☻꜠◖─ ╙

⌐ ꜟכ꜡♥☻꜠◖⁸│╣↓⁹√╣↕ ─ ≢№╢ HMG -CoA ╛

ꜟכ꜡♥☻꜠◖ ⌐⅔™≡ ╩ ∆╢ ꜟכ꜡♥☻꜠◖╢№≢

7aⱥ♪꜡◐◦ꜝכ♀⌂≥─ ⅜ ↕╣√⁹ 

2 ≢│⁸ ╙ ™ⱴꜟ♃כ♀ ╩ ⇔√ ─ ≈≢№╢▬♁◔ꜟ

◦♩ꜞfi─ ╩▪◓ꜞ◖fi≢№╢◔ꜟ☿♅fi≤≤╙⌐ ⇔√⁹∕─ ⁸

─ ∞↑≢│⌂ↄ⁸ ≢─ ╩ ה ┼─ ⌐ ⇔≡ ה

╩ ∫√⁹∕─ ⁸ 3 ⌐ ∫√ OGTT ≢│⁸▬♁◔ꜟ◦♩ꜞfi Q3G

─ ☻כ◖ꜟ◓⁸≢ ─ ⅜ ⌐ ↕╣⁸AUC ╙ ⇔√⁹⇔⅛

⇔⁸4 ⌐ ∫√ OGTT ≢│⁸ ╩ ∆╢ │╖╠╣√⅜⁸ ⌂

│ ╠╣⌂⅛∫√⁹◔ꜟ☿♅fi Que ─ ≢│⁸4 ≢ ─ ⅜ ↕

╣╢ ⌐№∫√⁹ ─ │ Q3G ≢ ↕╣╢ ⌐№∫√

⅜⁸Que ≢│ ⌂ │ ╘╠╣⌂⅛∫√⁹HbA 1c⌐ ⇔≡│⁸Q3G⁸Que

≤╙⌐ ⌐ ↕╣╢ ⌐№∫√⁹∕↓≢⁸ ─ ≢№╢ G6Pase

─ ╩ ∫√≤↓╤⁸ ⌂ │ ╠╣⌂⅛∫√↓≤⅛╠⁸Q3G ≤ Que ⅜

─ ⌐│ ⇔⌂™↓≤⅜ ↕╣√⁹▪♦▫ⱳⱠ◒♅fi╛ TNF -a⌂≥─▪

♦▫ⱳ◘▬♩◌▬fi⌐╙ ⌂ │╖╠╣⌂⅛∫√⁹ 

↓╣╕≢⁸◔ꜟ☿♅fi─ ⌐ ⇔≡│☻♩꜠ⱪ♩♂♩◦fi ─ 1

⸗♦ꜟꜝ♇♩⌐⅔↑╢ 80-82)⅜╒≤╪≥≢№╡⁸ ☻♩꜠☻─ 83)╛

84, 85)⁸▬fi☻ꜞfi 86, 87)⌂≥─ ⅜ ↕╣≡™╢⁹⇔

⅛⇔⁸ ⌂≥─ │ ⌐╟∫≡│ ⁸╡№╙☻כ◔™⌂╣↕

≤⇔≡⁸ ─ ™⌂≥⅜ ⅎ╠╣╢⁹ ≢╙⁸◔ꜟ☿♅fi─

│ ↕╣⌂⅛∫√⅜⁸▬fi☻ꜞfi ⌐ ⇔≡│ │╖╠╣⌂™⅜⁸

∆╢ ⌐№∫√⁹ 
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⌐ ⇔≡│⁸ ─ ⁸FFAꜟכ꜡♥☻꜠◖⁸ ⅜▬♁◔ꜟ◦♩ꜞfi─

≢ ∆╢ ⌐№∫√⅜⁸◔ꜟ☿♅fi─ ≢│ ⌂ ⅜╖╠╣⌂⅛∫√⁹

⌐⅔™≡╙⁸▬♁◔ꜟ◦♩ꜞfi─ ≢ ⁸ ⁸ ⁸ꜟכ꜡♥☻꜠◖

ꜞfi ─ ≡─ ≢ ⌐ ⅜ ↕╣√⅜⁸◔ꜟ☿♅fi─ ≢│ ◖꜠☻

fiꜞ≥ꜟכ꜡♥ ─╖⌐ ⅜╖╠╣√⁹ ─ ╩ ∆╢≤⁸

▬♁◔ꜟ◦♩ꜞfi─ │⁸ ╩ ∆╢ ⌐№∫√⅜⁸◔ꜟ☿♅fi│ ⌐

⅜ ⌂™ ⌐№∫√⁹∕↓≢⁸ ─ ╩ ⇔√⁹

▬♁◔ꜟ◦♩ꜞfi│ FAS ╩ ↕∑⁸b ≢№╢ CPT ╩ ↕∑√

↓≤⅛╠⁸ ≢─ ╩ ⇔⁸ ╩ ⇔√↓≤⅜ ⅎ╠ⅎ╢⁹◔

ꜟ☿♅fi≢│ CPT ─╖⌐ ⅜╖╠╣√⁹ 

╕√⁸ ─ ╛▬fi☻ꜞfi ─ ⌐│⁸PPARa Peroxisome 

Proliferator -Activated R eceptor a ⅜ ∆╢↓≤⅜ ↕╣√⁹PPARa│ FABP

Fatty  Acid Binding  Proteins ⁸FATP Fatty  Acid Transport Proteins ⌂≥─

╡ ╖⌐ ╦╢♃fiⱤ◒ ⁸№╢™│ ACO ╛ CPT ⌂≥─b ⌂≥─

─ ╩ ⇔⁸ ╩ ∆╢ ≢№╢⁹▬♁◔ꜟ◦♩ꜞ

fi╙◔ꜟ☿♅fi╙ ⌐ PPARa─ ╩ ↕∑√⁹ ⌐⁸▬♁◔ꜟ◦♩ꜞ

fi─ ≢ ⅜2 ⌐⌂∫√⁹↓─↓≤⅛╠ PPARa─ ⅜ ⇔√↓≤⌐

╟╡⁸ ≢№╢ CPT ─ ⅜ ↕╣⁸ ™ ╩ ⇔⁸

╩ ⇔√↓≤⌂≥⅜ ↕╣√⁹╕√⁸PPARa─ │⁸MCP-1 ─ ⁸ⱴ

◒꜡ⱨ□כ☺─ ╩ ⇔⁸ ╩ ↕∑⁸ ⁸ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ

╩ ∆╢↓≤⅜ ╠╣≡™╢⁹⌂⅔⁸PPARa│⁸▪♦▫ⱳⱠ◒♅fi⅜ꜞ●fi♪≤⇔

≡ ⇔⁸ ⅜ ↕╣╢↓≤⅜ ╠╣≡™╢⅜⁸ ≢│▪♦▫ⱳⱠ◒♅fi─

⅜ ⇔≡™⌂⅛∫√↓≤⅛╠⁸FFA ╛ FABP ⌂≥⅜ꜞ●fi♪≤⇔≡ ⇔≡

™╢↓≤╙ ⅎ╠╣╢⁹ꜞ●fi♪│ ⁸ ╩ ≢⅝╢ ≢⌂↑╣┌

⌂╠⌂™√╘⁸▬♁◔ꜟ◦♩ꜞfi⅜ꜞ●fi♪≤⌂╢↓≤│ ⅎ⌐ↄ™⁹ 

∂ ≢№╢ PPARg─ ⅜ ↕╣≡™√⁹PPARg│ ╛

ⱴ◒꜡ⱨ□כ☺⌐ ⇔≡⅔╡⁸ ⌐ ─ ⁸ ╡ ╖⁸ ╩

∆╢ ≢№╢⁹ ⁸ ⱴ►☻─ ≢│ PPARa⅜ ⇔≡⅔╡⁸PPARg

─ │ ™⁹⇔⅛⇔⁸db/db╛ KK -Ayⱴ►☻─╟℮⌂ 2 ⸗♦ꜟⱴ►☻⁸

╩ ⇔√ ⸗♦ꜟⱴ►☻─ ⌐⅔™≡⁸PPARg⅜
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⌐ ↕╣≡™╢↓≤⅜ ╠⅛≤⌂∫√ 88, 89)⁹ ⌂ PPARg ob/obⱴ

►☻⌐⅔™≡⁸ ⅜ ↕╣╢⅜⁸▬fi☻ꜞfi ⌂≥─ ⌂

│ ∆╢↓≤⅜ ↕╣≡™╢ 90 ⁹▬♁◔ꜟ◦♩ꜞfi⌐⅔↑╢ ─

│⁸PPARg─ ⅜ 0.5 ⌐ ↕╣≡™╢↓≤╙ ≈─ ≢№╢↓≤⅜

↕╣√⁹⇔⅛⇔⁸◔ꜟ☿♅fi─ ≢⁸PPARg─ │ ↕╣√⅜ ─

fiꜞ≥ꜟכ꜡♥☻꜠◖│ ⇔⅛ ⌐ ↕╣≡⅔╠∏⁸ ⌐ ⁸ │

⇔≡™√√╘⁸ ⅜ ∂╢⁹▬fi☻ꜞfi ─ │ ↕╣⌂⅛∫√⁹ 

╩ ∆╢ ≢№╢ SREBP Sterol  Regulatory 

Element Binding Protein │ ≈─▪▬♁ⱨ◊כⱶ╩╙≈⁹SREBP-1 │

─ ╩⁸SREBP-2 ꜟכ꜡♥☻꜠◖│ ╩ ∆╢↓

≤⌐╟╡⁸ ⌂ ╩ ∆╢⁹SREBP-1 │ ⌐ ≢№╢ ה

⌐ ╦╢ ─ ╩ ↕∑⁸ ╩ ∆╢⁹

SREBP-2│HMG -COA ╛ ⌂≥─ ─ ╩ ↕∑⁸

ꜟכ꜡♥☻꜠◖ ╩ ∆╢⁹╕√⁸SREBP-1c│⁸▬fi☻ꜞfi◦◓♫ꜟ─

ⱷ♦▫◄כ♃כ≢№╢ IRS-2─ ╩ ⇔⁸▬fi☻ꜞfi ╩ ∆╢ 91)⁹▬♁

◔ꜟ◦♩ꜞfi⌐⅔™≡│⁸SREBP-1c⁸2 ≤╙⌐ ⌂ │⌂⅛∫√⅜⁸◔ꜟ☿♅fi

│ SREBP-1c ─ ╩ ⌐ ↕∑√⁹⇔⅛⇔⁸ ≢╙ ≢╙ ╛

FFA │ ⇔≡™⌂™↓≤⅛╠⁸ ⌐ ∆╢ SREBP ─ │ ↕™╙─≤

↕╣√⁹ 

─ꜟכ꜡♥☻꜠◖─ ⅜ ꜟכ꜡♥☻꜠◖⁸⅜√™≡╣↕ ─

≢№╢ HMG -CoA ─ │ ⇔≡⅔╠∏⁸ ─ ⅜ ⅎ╠╣√⁹ 

⌂⅔⁸ │ ⇔≡™⌂™─≢⁸ │ ╦╠⌂™⅜⁸ ⅜ ⇔

≡™╢↓≤╙ ⅎ╠╣╢⁹◖꜠☻♥꜡כꜟ│▪☿♅ꜟ CoA ╩ ≤⇔≡⁸20 ─

╩ ≡ ↕╣╢⁹▪☿♅ꜟ CoA │ HMG -CoA ⌐╟╡ HMG -CoA

≤⌂╡⁸HMG -CoA ⌐╟╡ⱷⱣ꜡fi ≤⌂╢⁹∕─ ⁸ ╩ ╡ ⇔⁸

⅜ꜟכ꜡♥☻꜠◖ ↕╣⁸ ♀כꜝ◦◐꜡♪7aⱥ-ꜟכ꜡♥☻꜠◖≢ CYP7A1

╟╡ ⌐ ↕╣╢⁹ │ ≤⇔≡ ⌐ ⅎ╠╣⁸ ╟╡

↕╣≡ ╩ ≡⁸ ┘ ⌐ ╢≤™℮ ⅜ ╦╣≡™╢⁹ ─◖꜠

ꜟכ꜡♥☻ ⌐│⁸⅔∕╠ↄ⁸CYP7A1 ⅜ ⇔≡⅔╡⁸CYP7A1 ⅜ ⇔⁸

─ꜟכ꜡♥☻꜠◖√╣↕ ╙ ≢№╢↓≤⅜ ↕╣√⁹∟⌂╖⌐⁸
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CYP7A1 ─ ╩ ↕∑╢ⱨꜝⱲⱡ▬♪ │ ◌♥◐fi 92)⁸EGCG93)⁸Ⱪ

♪► ⱪ꜡◦▪♬☺fi 94)⌂≥⅜№╢⁹⇔⅛⇔⁸◔ꜟ☿♅fi⅜ ↕∑╢≤™℮

│⌂™⁹ 

 ─↓≤⅛╠⁸▬♁◔ꜟ◦♩ꜞfi≤◔ꜟ☿♅fi─ ─ ™│⁸◔ꜟ☿♅fi─

≢─ ╛Ᵽ▬○▪ⱬ▬ꜝⱦꜞ♥▫⅜▬♁◔ꜟ◦♩ꜞfi⌂≥─◔ꜟ☿♅fi

╟╡╙ ™↓≤⅜ ⅎ╠╣╢ 95-97)⁹◔ꜟ☿♅fi⌐ ∆╢ ─ ⅜ ⅎ╢╒≥⁸

⅜ ╕╢√╘⁸ │ ⅜╢⁹∕─√╘⁸◔ꜟ☿♅fi╟╡╙▬♁◔ꜟ◦♩ꜞ

fi─╒℮⅜ ┼ ↕╣╛∆™√╘⁸ ₁⌂ ╩ ∆╢≤ ⅎ╠╣√⁹ 
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4.4.  

3 ⌐⅔™≡◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ AP │⁸ ╩ ∆╢

↓≤⅜ ↕╣√√╘⁸ ≢│⁸∕─ ╩ KK -Ayⱴ►☻╩ ™≡

⇔√⁹╕√⁸ 2 ≢ ╙ ™ⱴꜟ♃כ♀ ╩ ⇔√▬♁◔ꜟ◦♩ꜞfi

⌐≈™≡╙⁸ ⌐ KK -Ayⱴ►☻╩ ™≡ ╩ ⇔√⁹∕─ ⁸

AP ─ ≢⁸OGTT ⌐⅔↑╢ ⅜ ⌐ ↕╣⁸▬fi☻ꜞfi

─ ≤⌂╢ TNF -a⁸FFA ─ ⅜ ↕╣⁸▬fi☻ꜞfi ≢№

╢ ▪♦▫ⱳⱠ◒♅fi─ ⅜ ⇔√⁹╕√⁸ ─

≤b ≢№╢ ACO ⅜ ⇔√↓≤⅛╠⁸AP ⅜ ─ ╙

∆╢ ⁸∕─ ⅜▬fi☻ꜞfi ─ ⌐ ╦∫≡™╢ ⅜ ↕╣

√⁹ 

AP ≢╙ ↄ ╕╣⁸ ™ⱴꜟ♃כ♀ ╩╙≈▬♁◔ꜟ◦♩ꜞfi─

≢│⁸AP ─ ≤ ⌐ OGTT ⌐⅔↑╢ ≤ ─

⌐ ⌂ ⅜╖╠╣√⁹╕√⁸ ─ ╛▬fi☻ꜞfi ─

⌐│⁸PPARa⅜ ∆╢↓≤⅜ ↕╣√⁹PPARa─ ⅜ ⇔√↓

≤⌐╟╡⁸ ≢№╢ CPT ─ ⅜ ↕╣⁸∕─ ™ ⌐╟

╡ ⅜ ⇔√≤ ↕╣√⁹╕√⁸PPARa─ │⁸MCP-1 ─

≤ⱴ◒꜡ⱨ□כ☺─ ╩ ⇔⁸ ╩ ↕∑⁸ ⁸ⱷ♃Ⱳꜞ♇◒◦fi

─ⱶכ꜡♪ ⌐≈⌂⅜∫≡™╢ ⅜ ⅎ╠╣√⁹⌂⅔⁸ 3 ⌐⅔™≡⁸

AP ╩ ⸗♦ꜟ⌐ ↕∑√ ≢╙⁸FABP ─ ⌐

╟╢ ┼─ FFA ─ ╡ ╖ ⌐╟∫≡⁸FFA ⅜ PPAR ─ꜞ●fi♪≤⇔≡

⇔⁸ ─ ╩ ⇔⁸ ◘▬♩◌▬fi≢№╢ TNF -a─ ╩

∆╢ ─№╢↓≤╩ ⇔√⁹  

 ▬♁◔ꜟ◦♩ꜞfi⁸∕─▪◓ꜞ◖fi≢№╢◔ꜟ☿♅fi─ KK -Ayⱴ►☻⌐⅔↑╢

ⱴכ◌כ⌐ ∆╢ ─ ≢│⁸HbA 1c⁸OGTT ⌐⅔↑╢

⌂≥≢ ∆╢ ╩ ⇔⁸↓╣╠─ⱨꜝⱲⱡ▬♪⅜ AP ─ ─ ≈≤

⌂∫≡™╢↓≤⅜ ↕╣√⁹╕√⁸▬♁◔ꜟ◦♩ꜞfi⁸◔ꜟ☿♅fi─ ⱴכ

⌐כ◌ ∆╢ ⌐│ ⅝⌂ ™⅜╖╠╣╢ ╙№∫√⁹ ⌐▬♁◔ꜟ◦

♩ꜞfi⌐╟╢ ⅜ ↄ⁸∕─ ─ ≈│▬♁◔ꜟ◦♩ꜞfi≤◔ꜟ☿♅fi

─ ⁸Ᵽ▬○▪ⱬ▬ꜝⱦꜞ♥▫─ ™⌐╟╢╙─≤ ↕╣√⁹   
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5  ◘ꜟ♫◦─  

 

  

 ⅜ ↄ⌂╢ │⁸™ↄ≈⅛№╢⁹ ⅜ ∆╢≤ ⌐ ∆

╢ ⅜ ↄ⌂╡⁸ ⅜ ∆╢↓≤⌐╟∫≡ ⅜ ∆╢⁹Na +│

─▬○fi ─ ╩ ╘╢ ⌂▬○fi≢№╡⁸Na +─ ┼─

│ ╩ ↕∑╢⁹ ⅜ ╩ ↄ∆╢ ⌂ │↓↓⌐№╢⁹

⌐╟∫≡⁸ ╠⅛─ ≢ ─ ⅜ ╕∫√╡⁸╕√ ─

⌐ ∆╢ ⅜ ╕∫√╡⁸№╢™│ ⌐ ∆╢ ⅜

⇔√╡∆╢ ⅜№╢⁹ ─ ↕─ │⁸ ⅎ┌ ─╟℮⌂

⌂ ⌐╟╢╒⅛⁸ ─ ⌐╟╢ ╛▪fi☺○♥fi◦fi⌂≥

─ ─ ⌐╟╢ ⌂≥─ ⌂ ⅜ ⌐ ∆╢⁹ 

│⁸ⱷ♃Ⱳꜞ♇◒◦fi♪꜡כⱶ╩ ∆╢ ─ ≈≢№╡⁸

─ ⅜▬fi☻ꜞfi ╩ ∆╢⁹╕√⁸꜠♬fi-▪fi☺○♥fi◦fi│▬

fi☻ꜞfi ≤─ ≢ ╩ ⇔⁸TNF -a╛▪♦▫ⱳⱠ◒♅fi─ ╙

∆╢⁹ACE Angiotensin converting enzyme ╛ ARB ▪fi☺○♥fi

◦fi II │ TNF -a ╩ ⇔⁸↕╠⌐ TNF -a ⅜

▬fi☻ꜞfi ╩ ∆╢↓≤⅜ ↕╣≡™╢98, 99)⁹ 

▪fi☺○♥fi◦fiз ACE │ ⌐ ↄ ⌂ ≢⁸▪fi☺

○♥fi◦fiз⌐ ⇔⁸ ≢№╢▪fifi☺○♥fi◦fiи╩ ∆╢≤

⌐⁸ ╩ ∟ ╩ ↕∑╢Ⱪꜝ☺◐♬fi╩ ∆╢↓≤⅜

╠╣≡™╢⁹∕↓≢⁸ACE ╩ ∆╢↓≤≢ ╩ ∆╢↓≤⅜≢⅝╢⁹

™ ACE ╩ ∆ ⌐♬◖♅▪♫Ⱶfi⅜№╢⁹╕√⁸○ꜞ◗Ɑⱪ♅♪

⌂≥⅜ ⌂ ACE ≢№╡⁸ꜝ◒♩♩ꜞⱭⱪ♅♪⁸⅛≈⅔ ○ꜞ◗Ɑⱪ♅

♪⁸™╦⇔Ɑⱪ♅♪ ⅜№╢⁹╕√⁸g-▪Ⱶⱡ GABA │ 100)⁸

101)⁸♫♩ꜞ►ⱶ 102)⌂≥⌐╟╡⁸ ╩ ∆

↓≤⅜ ╠⅛≤⌂∫≡™╢⁹ 

 ◘ꜟ♫◦⌐│⁸GABA ≤♬◖♅▪♫Ⱶfi⅜ ∆╢↓≤╙№╡⁸ ⌐ ∆

╢ ⅜ ↕╣√⁹∕↓≢⁸ACE ╩ ⌐◘ꜟ♫◦─ ╩

▪Ⱶⱡ ≤ⱳꜞⱨ▼ⱡכꜟ ⌐ ⇔⁸ ⇔√⁹  
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1  ◘ꜟ♫◦─ ACE ▪fi☺○♥fi◦fi in vitro  

5.1.1. ◘ꜟ♫◦ ≢─ ACE ─  

1)  

 ◘ꜟ♫◦ 200 g ⌐ MeOH 0.5 L ╩ ⅎ⁸ ⇔⁸╤ ⇔√⁹

CHCl 3 MeOH H 2O 1 1 2 ⌐⌂╢╟℮⌐ ⇔⁸ ≤℮ ∆╢↓≤≢

╩ ⇔√⁹  (MeOH + H 2O) │ ⁸XAD -2 Sigma-Aldrich Co., St. 

Louis, USA 20 × 90 mm ◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐ ⇔√ ⁸ ≢ ⌐

SX-W ⇔⁸∕─ EtOH ≢ ⇔⁸SX ╩ √⁹ 

 2.1.1.≢ ↕╣√◘ꜟ♫◦ⱳꜞⱨ▼ⱡכꜟ ╩ SP ≤⇔√⁹╕√⁸

Diaion ◌ꜝⱶ╩ ≢ ⇔≡ ╠╣√ ╩ SP-W ≤⇔√⁹ 

 

2) ACE  

 ACE ─ │⁸ 30 ml ⌐⁸125mM ⱱ► pH 8.3⁸608 mM 

NaCl ⌐ ⅛⇔√ 7.6 mM Hippuryl -His -Leu -OH Bachem ,  

Bubendorf, Switzerland ╩ 250 ml ⇔⁸37°C≢ 5 ⱪ꜠▬fi◐ꜙⱬכ

♩⇔√⁹∕─ ⁸60 mU/ml ─►◘◑ ACE Sigma, St.Louis, USA ╩

200 ml ⅎ≡⁸37°C≢ 30 ▬fi◐ꜙⱬ⁹√⇔♩כ │ 1N HCl  250 ml ╩

ⅎ⁸ ⇔√⁹ ⇔√ ╩ EtOAc 1.5 ml ≢ ≤℮ ⇔⁸10

3,000rpm⁸15°C ⁸EtOAc ╩ 1 ml ⇔√⁹ ⁸ 200 ml

≢ ⇔⁸ ⇔√ ╩ HPLC ≢ ⇔√⁹ │ ⌐ ⇔√⁹◌ꜝ

ⱶ⌐│⁸Wakopak Wakosil -5C18 HG 4.6×100 mm i.d.

, ╩ ™√⁹ │ 2-ⱪ꜡Ɽⱡכꜟ 10 mM ꜞfi pH 

2.4 8 92 6 mM 1 -○◒♃fi☻ꜟⱱfi ╩ ™⁸ │ 1.0 ml/min ≤⇔

√⁹ │ 225 nm ≢ ∫√⁹ ─ ╦╡⌐ 50% EtOH ╩ ™√╙─╩ ≤

⇔⁸ ─ ╟╡ ╩ ╘√⁹  

 ACE (%) (Control OD ð Sample OD)/C ontrol OD ×100 

 

 

5.1.2.  ACE ╩ ∆ ─  

1)  
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 SX 0.1 g/2 ml 50% EtO H ╩ Sephadex LH -20 25 × 400 mm ◒꜡ⱴ

♩◓ꜝⱨ▫כ⌐ ⇔⁸50% EtOH ≢ ⇔√ ⁸2 g∏≈ ⇔√⁹↓─ ⇔

√ⱨꜝ◒◦ꜛfi ╩ ≤⇔√⁹ ⌐│ 50% EtOH ╩ ™√⁹ 

2) ACE  

 5.1.1≤ ─ ≢⁸ ⱨꜝ◒◦ꜛfi─ ACE ╩ ⇔⁸ ─ ™

│⁸HPLC -DAD ≢☻Ɑ◒♩ꜟ ╩ ∫√⁹ │⁸1.1.⌐ ⇔√≤

⅔╡≢№╢⁹↕╠⌐⁸ ─ 280nm ≤ 360nm ⌐⅔↑╢ ─ ╩ ∫√⁹  

 

 

5.1.3.  

 ◘ꜟ♫◦╩ ≢№╢ Diaion ◌ꜝⱶ⌐╟∫≡ SP-W ≤ SP ⌐⁸

XAD ◌ꜝⱶ⌐╟∫≡ SX-W ≤ SX ⌐ ⇔⁸∕╣∙╣⌐≈™≡ ACE

╩ ⇔√⁹ ╩ Fig. 5 -1-1⌐ ⇔√⁹SX ≤ SP │╒╓ ─

™ ╩ ⇔√⅜⁸SX ⅜ ™ ACE ╩ ⇔⁸SX-W⁸SP-W

─ 2 ─ ≢№∫√⁹  

⌐⁸ ™ ╩ ⇔√ SX ╩ Sephadex LH -20╩ ™≡ ⇔⁸

─ ACE ╩ ⇔√⁹ ╩ Fig. 5 -1-2 ⌐ ⇔√⁹ ─ ⅛∫

√ ─ HPLC ◒꜡ⱴ♩◓ꜝⱶ≤∕─ UV ☻Ɑ◒♩ꜝⱶ╩ Fig. 5 -1-3⌐ ⇔√⁹

─ ≤ ACE ╩ ∆╢≤⁸ ∏⇔╙ ─ ≤

ACE ⌐ │╖╠╣⌂⅛∫√⁹ACE ─ ⅛∫√ I⁸ II⁸

III ⌐≈™≡ HPLC ≢ ⇔⁸ Ⱨכ◒─ ╩⇔√≤↓╤⁸╙∫≤╙

─ ⅛∫√ I ⌐╖╠╣╢ Ⱨכ◒─☻Ɑ◒♩ꜟ│ⱨꜝⱲⱡ▬♪⁸

≤│ ⌂╢↓≤⅜ ↕╣⁸↓╣╠≤│ ⌂╢ ⅜ ╩ ⇔≡™╢╙

─≤ ↕╣√⁹╕√⁸ II ⌐│⁸ ⌐ ∆╢ UV ☻Ɑ◒♩ꜟ╩ ∆

Ⱨכ◒⅜ ↕╣√ ⁸™ↄ≈⅛─ ⌂ UV ☻Ɑ◒♩ꜟ╩ ∆Ⱨכ◒╙

∆╢↓≤⅜ ≢№∫√⁹ III │Ɫ▬Ɑ꜡◘▬♪≤▬♁◔ꜟ◦♩ꜞfi⅜∕─

78%╩ ╘╢ ≢№∫√⁹ 
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Fig. 5 -1-1.   Effects of each fractions on ACE activities in vitro. 

 

    The percentage inhibition is defined as that compared with the Control reaction 

being 100%. Each value is expressed as mean ± SEM (n= 3). 
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Fig. 5 -1-2.   ACE-inhibitory activity and opticaldensity (OD) of fractions 

fractionated by Sephadex LH-20 column. 

 

     The percentage inhibition is defined as that compared with the control 

reaction being 100%. The SX was fractionated by Sephadex LH-20 column 

chromatography using 50% EtOH as eluent.  

 

 I : unidentified 

II : unidentified 

III : Hyperoside and Isoquercitrin 
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Fraction No. 56 (I)  

  

 

 

Fraction No. 74 (II)  

  

 

 

Fraction No. 121 (III)  

  

 

Fig. 5-1-3.  HPLC chromatograms of major fractions obtained by Sephadex 

LH-20 column chromatography and UV-spectra of main peaks on HPLC 

chromatograms. 
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