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│ ─ ⅜ ⌐ ∆╢↓≤⅜≢⅝╢ ≢№╢ ╩ ⇔≡™╢⁹

↓─ │ ⌂ ≢№╣┌ ─ ╛ ─ ≢ ⅛∆↓≤⅜≢⅝╢⁹⇔⅛⇔

ꜞⱢⱦꜞ♥כ◦ꜛfi─ ⌐⅔™≡ ↓─ │ ⌐ ═≡ ∆╢↓≤⅜

№╢⁹↓℮⇔√ ─ │ ≤ ┌╣╢ ⁹ 

 

│ ⌂ ─ ⅛╠ ⌐ ∆╢ ╛ ⌂≥≤

™∫√ 1)⅜ ∆╢↓≤⌐╟∫≡ ∆╢ ⁹ ⅜ ∆╢≤

│ ╩ ╢ ≢ √╡ ⌐ ≢№╢ ∟ ⅜╡╛ ⌂≥≤™∫√

╩ ∆╢↓≤⅜ ≤⌂∫≡⇔╕℮ 2)⁹╕√ ꜞⱢⱦꜞ♥כ◦ꜛfi─ ⌐⅔™≡

│ ⌐ ™≡ 2 ⌐ ™ ≢№╢ 3) ⁹↓─╟℮⌐

│ ⌐⅔™≡ ↄ─ ≢ ⇔ ≤⌂∫≡™╢⁹ 

 

⌐≈™≡ ≢│ ╩ ⌐ ╩ ⌐⇔≡ ╩

↕∑√ ⸗♦ꜟ⅜ ↄ ™╠╣≡™╢⁹Trudel e t al 4)│ ꜝ♇♩─ ╩ 135°

≢ ╩ ∫√ ─ ⅜ ─ ╩∆═≡ ∆╢≤

⇔√↓≤⅛╠ ⌐ ⅜ ⇔≡™╢↓≤╩ ╠⅛⌐⇔≡™╢⁹╕√

╠ 5)│ ꜝ♇♩─ ╩ ≢◑ⱪ☻ ╩ ∫√ ⌐ ╩ ⌐ ∆╢√╘

⌐ ⌂ ⌐≈™≡ ─ ─ ╩ ⇔√ ⅔

╟┘ ╩ ⇔√ ≢ ∆╢↓≤≢ ה ה ⅜ ⌐ ∆╢

╩ ⇔≡⅔╡ ⅜ 19 ⅜ 43 ⅜ 30 ─ ≢ ⌐

⇔≡™╢↓≤╩ ╠⅛⌐⇔≡™╢⁹↓─╟℮⌐ ╛ │ ─

≤⇔≡ ⌐ ⇔≡™╢⁹ 



 

3 

 

 

 ─ │ ─ ⌐╟∫≡ ⌐ ∆╢ ⅜ ∆╢⁹

╠ 6)│ꜝ♇♩ ╩ ™ ≤ ─ ≤─ ╩ ⌐

⇔√≤↓╤ 4 ≢ ─ ⅜ 5 ╩ ╘≡⅔╡ ∕╣ ⅜

∆╢≤ ⌂≥─ ─ ⅜ ⅝ↄ⌂╢↓≤╩ ⇔≡™╢⁹↓─╟℮⌐

│ 4 ╕≢─ ⌐⅔™≡ ╙ ─ ⌐ ⇔≡™╢⁹

─ ⌐≈™≡ ⇔√ ⌐╟╢≤ Tabary et al. 7)│ 4 ─ ╩

⇔√ ⌐ ╩ ⇔≡ ─ ╩ ∆╢√╘⌐ ╩ ⇔√≤↓╤

⌂ ≤ ⇔≡ ─ ╩ ╘√↓≤╩ ⇔≡™╢⁹╕√ ╠ 8)│ ה4ה2ה1

12ה10ה8ה6 ─ ─ ⌐ ╩ ⇔≡ ╩ ™ ⱥꜝⱷ ╩ 10 

∆╢─⌐ ⌂ ╩ ─ ≤⇔≡ ⇔√≤↓╤ ⅜ 3 ⌐⌂

╢≤ ⅜ ⇔ ╘ 10 ≢ⱪꜝ♩כ⌐ ∆╢↓≤╩ ╠⅛⌐⇔≡™╢⁹

⌐⅔™≡ ─ │ ─ fi◕כꜝ◖╢№≢ ⅜ ⇔≡™

╢⁹ ─ ╩ fi◕כꜝ◖╢∆ │ ↄ⅜♃▬ⱪз◖ꜝכ◕fi ≤♃▬ⱪ

й◖ꜝכ◕fi ≢№╢ 9)⁹Järvinen TA et al. 10)│ꜝ♇♩ ⌐ ⇔≡ ≢

╩ 3 ™ ⱥꜝⱷ ─ ╩ ⌐≡ ⇔√≤↓╤

─♃▬ⱪй◖ꜝכ◕fi ─ ⅜№∫√↓≤╩ ⇔≡™╢⁹╕√ ╠ 6)│ꜝ♇

♩ ╩ ≢ 12ה8ה4ה2ה1 ⇔ ⱥꜝⱷ ─♃▬ⱪз◖ꜝכ◕

fi ≤♃▬ⱪй◖ꜝכ◕fi ⌐ ∆╢ ╩ ∫√≤↓╤ 1

⅛╠♃▬ⱪзהй≤╙⌐◖ꜝכ◕fi ─ ⅜ ⇔ ≢╙♃▬ⱪз◖ꜝכ◕fi │

4 ╕≢ ⌐ ⇔≡ ⇔≡™∫√↓≤╩ ⇔≡™╢⁹  
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 ꜞⱢⱦꜞ♥כ◦ꜛfi─ ⌐⅔™≡ ⌐ ∆╢ │ ⌂ ⌐ ⇔

≡ ⅜ ⇔⌂™╟℮⌐ ∆╢ ≤ ⅜ ⇔√ ⌐ ⇔≡ ╩

╢ ⅜№╢⁹ ⅜ ⇔⌂™╟℮⌐ ∆╢ │ ⌂≥≢

≤⌂╡ ─ ⅜ ⌂ↄ↕╣√ ⅜ ∆╢↓≤≢ ⅜

⇔⌂™╟℮⌐ ╩ ℮ ╩ ℮⁹ ≢ ⅜ ⇔√ ⌐ ⇔≡

╩ ╢ │ ⌐ ╩ ╦⌂↑╣┌⌂╠⌂ↄ⌂∫√ ⅜ ⇔≡

⅜ ↕╣√ ⇔√ ⌐ ⇔≡ ╩ ╢√╘─

╩ ℮⁹≥∟╠╙ ≤⇔≡ │ ⅜ ↓∫√ ⌐ ⇔≡ ╩

ⅎ ⇔√ ╩☻♩꜠♇♅fi◓∆╢↓≤≢ ─ ╩ ∫≡™╢ 12)

⁹ 

 

╩ ∆╢↓≤⌐≈™≡ ⇔√ │ ╩ ™√ ⅜

↕╣≡™╢⁹Williams et al. 11)│ ⱴ►☻ ╩ ≢ ⇔√

⌐ ⇔≡ 1 ╩ ⇔≡ 1 30 ─☻♩꜠♇♅fi◓╩ ⇔√

≤↓╤ 2 ─ ╩ ∫≡╙ ╛ ⅜ ⌂ ≤ ≢№╡

─ ⅜ ≢⅝√↓≤╩ ⇔≡™╢⁹╕√ ╠ 13)│ꜝ♇♩ ╩

≢ ⇔√ 1 ╩ ⇔≡ 60ה30ה10 ─☻♩꜠♇♅fi◓

╩ ∫√ ╩ ⇔√≤↓╤ 30 ─☻♩꜠♇♅fi◓╩ ℮↓≤≢ ─

╛ ─ ╩ ⇔ ─ ⌐ ⅜№∫√↓≤╩ ⇔≡™╢⁹↓╣╠─

⅛╠ ─ ╩ ∆╢⌐│☻♩꜠♇♅fi◓╩ ™ ─ ╩

∆╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹↓─╟℮⌐ ─ ╩ ∆╢√╘─☻

♩꜠♇♅fi◓│ 30 ─ ╩ ℮↓≤⅜ ─ ─ ╩

∆╢─⌐ ≢№╢↓≤⅜ ╠⅛⌐↕╣≡™╢⁹ 
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⅜ ⇔√ ⌐ ⇔≡ ╩ ≤⇔√☻♩꜠♇♅fi◓╩ ∫√ ⌐

≈™≡ Benedini  et al. 14)│ꜝ♇♩╩ ™√ ⌐⅔™≡ ╩ ↕∑√

─ ╩ ™≡ꜝ♇♩ ╩ ╕≢ ↕∑√≤↓╤ ─

⅜ ↓∫√⅜ ─ ╛ ─ ─ ⌂≥─ ┼─ ⅜

↕╣√↓≤╩ ⇔≡™╢⁹ ╠ 15)│ ⌐ ╩ ↕∑√ ─

╩ ™≡☻♩꜠♇♅fi◓╩ ∫√≤↓╤ ─ ⅜ ╠╣√ ≢ ─

⅜ ╠╣√↓≤╩ ⇔≡™╢⁹Cornachione et al. 16)│ ╩ ∫≡ ╩

↕∑√ ╩ⱪכ♥ ™√☻♩꜠♇♅fi◓╩ ∫√≤↓╤ ⱴ◒꜡ⱨ□כ☺─

⌂≥─ ⅜ ↓∫√↓≤╩ ⇔≡™╢⁹ 

↓╣╠─ ⌐⅔™≡ ☻♩꜠♇♅fi◓⌐ ⅎ╢ │ ⌐ ⅜ ™╠╣≡™╢⁹

Flowers et al. 17)│ ─ ⅎ╢ ⅜ ⅝↑╣┌ ⅝™╒≥ ⅜

∆╢↓≤╩ ⇔≡™╢⁹╟∫≡ ≤⇔≡ ╩ ™√☻♩꜠♇♅fi◓╩ ℮

⌐ ─ ⅜ ⅎ╠╣√↓≤╩ ∆ ⅜№╢⁹⇔⅛⇔ ≢ ⌐ ─ ╩

ⅎ╢↓≤│ ⇔™⁹☻♩꜠♇♅fi◓⌐ ╩ ™√ ─ │ ⅎ√ ╩

≢⅝⌂™√╘ ⌐ ∆╢↓≤⅜≢⅝⌂™⁹↓─╟℮⌐ ☻♩꜠♇♅fi◓⌐ ⅎ╢

╩ ╠⅛⌐ ⇔√℮ⅎ≢ ∆╢ ⅜№╢⁹ 

╕√ ↓╣╠─ ≢│ ─ ⌐≈™≡ ↕╣≡™╢⅜ ─ ⅜

⇔√⅛≥℮⅛ ↕╣≡™⌂™⁹ ⌐⅔™≡ │☻♩꜠♇♅fi◓╩ ℮↓

≤≢ ╛ ⌂≥─ ⅜ ╦∫≡⅔╡ ⇔√ ─ ⅜ ↕╣

≡™╢─⅛ ∆╢ ⅜№╢⁹ 
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─↓≤⅛╠ ⌐ ∆╢☻♩꜠♇♅fi◓─ │ ╕∞ ↕╣≡™╢

≤│ ™ ™─⅜ ≢№╢⁹ ≢│ ─ ╩ ≤⇔≡☻♩꜠♇♅fi◓

⌐ ⅎ╢ ╩ ⌐ ∆ ╩ ╡ ╣ ⌐ ─ ─ ⌐╙ ⇔ ☻♩

꜠♇♅fi◓⅜ ⌐ ⅎ╢ ⌐≈™≡ ∆╢↓≤╩ ≤∆╢⁹ 
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│ ⌐ ⅜№╡ ⅜ ┼ ⅛∕℮≤⇔≡╙ ⅜ ⅛⌂™⁹ 
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 ╩ ∆╢  

╟╡ ⇔≡  
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1 1 

⇔√ ─ ╙ ≤⌂∫√ ⌐ 

≈™≡ ™╙─⅛╠ ⌐ 5≈ ⇔√  

3 ╟╡  

14.7 (%)
18.1
3.1
2.2
0.8
1.1
0.2

18.3
0.1

18.9
2.3
0.2
0.3
1.3
0.2
6.9
3.8
5.6
0.6
1.3

18.0 (%)
26.1
5.4
2.8
3.5
2.6
0.6
9.7
0.1
6.6
1.9
0.6
0.5
0.7
0.5
7.6
6.5
5.1
0.6
0.8

13.7 (%)
17.5
7.2
4.0
3.7
3.7
0.7

14.8
0.2
8.1
1.3
0.5
0.5
0.7
0.8
9.7
5.1
6.6
0.5
0.8

10.5 (%)
9.2
8.1
5.3
5.4
5.0
1.3

10.3
0.3

10.0
1.6
0.7
0.6
0.9
0.6

13.6
5.7
9.0
0.7
1.4

8.7 (%)
5.9
5.6
5.6
6.0
5.7
1.8
7.6
0.7
8.5
1.7
0.8
1.1
0.9
0.5

13.9
6.6

11.9
1.0
5.5
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2- 1  

⌐│ ⌐┤↕╦⇔™⸗♦ꜟ╩ ⇔ ⅜ ╦╣≡⅝√⁹ꜞⱢⱦꜞ♥כ◦

ꜛfi─ ⌐ ⇔≡│ ╙≤╙≤ ≢№∫√ ⌐ ⇔≡◔●╛ ⌐╟∫≡ ⅜

⇔√ ╩ ∆╢ ⅜№╢⁹∕─√╘ ꜞⱢⱦꜞ♥כ◦ꜛfi⌐ ╦╢ ≢╙

⌂ ⌐ ⇔≡ ╠⅛─ ≢ ╩ ↕∑ ⸗♦ꜟ≤∆╢ ⅜№╢⁹

₁⅜ ≤⇔≡™╢ ⌐≈™≡│ ⌐⸗♦ꜟꜝ♇♩╩ ⇔≡ ⅜

╦╣≡⅝√ 18- 20)⁹ꜝ♇♩╩ ™√ ≢│ ─ ╩ ∆╢↓≤⅜

≢№╡ ─ ™ ╩ ╠╣╢⁹ ⌐⅔↑╢ ⌐ ∆╢ ≢│

╩ ↕∑╢⸗♦ꜟ≤⇔≡ ╩ ∆╢ ⅜ ™╠╣╢⁹ ─ │

╙⇔ↄ│ ⅜ ╦╣≡™╢ 4,21)⁹ 

│ ╩ ⇔≡™╢ ≤ ╩ ⌐≡ⱪ꜠כ♩╛Ⱨfi╩ ⇔≡

∆╢ ≢№╡ ⌐╟╢ ─ ⌂≥╩ ∆╢√╘⌐ ╦╣≡™╢⁹ ─

⌂ ≤⇔≡ Evans et al . 22)│ ꜝ♇♩─ ╩ ≤⇔≡ ≤ ⌐♪ꜞꜟ

≢ ╩ ↑ ─ ≢ ╩ ∆╟℮⌐ⱪ꜠כ♩╩№≡⅜™ ╩ ↑√ ⌐

⅛╠Ⱨfi╩ ⇔≡ ≤ⱪ꜠כ♩╩ ⇔≡™╢⁹ 23)│ꜝ♇♩ ╩ ≤⇔≡

≤ ╩ ⇔≡ ╩ ↑ 60 ≢☻♥fi꜠☻ ╩ ⇔≡ ⇔

≡™╢⁹Turdel et al. 4,24)│ꜝ♇♩─ ╩ ≤⇔≡ ⌐≡ Evans et al. 22)≤

⌐ ─ ≢ ─ ≤ ─ ≢ⱪ꜠כ♩╩ ⇔≡

⇔≡™╢⁹ ─ │ ≤ ╩ ⌐ⱪ꜠כ♩≤Ⱨfi╩ ™≡ ∆╢√╘

⌐ ⌂ ⅜ ╠╣ ─ ⅜ ™↓≤⅜ →╠╣╢⁹⇔⅛⇔ ≤⇔≡

⌐╟╢ ⅜ ⅎ╠╣≡™╢√╘ ─ ╛ ⅜ ↓╢ ⅜№

╢⁹ 
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│ ─ ╩≤⌂☻ⱪ╛◑ⱪכ♥⌐ ⅝ ↑╢↓≤≢ ∆╢ ≢№

╡ ─◑ⱪ☻ ⌂≥≢ ↓╢ ─ ╩ ∆╢√╘⌐ ╦╣≡™╢⁹ ─

⌂ ≤⇔≡ Oki et al. 25)│ ꜝ♇♩─ ╩ ≤⇔≡ ⅛╠ ╕≢◑

ⱪ☻╩ ⅝≈↑≡ ╩ ∫≡™╢⁹╕√ Ono et al. 26)│ ⌐ꜝ♇♩─ ╩

≤⇔≡ ⅛╠ ╕≢ ╩ⱪכ♥ ⅝ ↑≡ ╩ ∫≡™╢⁹

─ │ ⌐╟╢ ╛ ─ ╩ ≢⅝╢⁹⇔⅛⇔ ≤⇔≡ ꜝ♇♩

⅛╠ ╕≢─ ⅜ ≢№╡ ┼≤ ⅜ ↑⌂™╟℮ ₁ ╩

∆╢ ⅜№╢⁹ ─↓≤╟╡ ─ ╩ ∆╢√╘⌐│ ⌐╟╢

╩ ↑╢ ⅜№╢⁹∕─√╘ ≢│ ╩ ∆╢↓≤≤⇔√⁹ 

╕√ ─ ≤⇔≡─ ─ │ ⇔√ ⌐⅔™≡

╩ ⇔√ ⌐ ⅜ ∆╢↓≤⅛╠ ↕╣≡™╢ 4,25,27 )⁹╕√ Tabary et al. 7)

│Ⱡ◖─ ╩ ≢ 4 ⇔√ ⌐ⱥꜝⱷ ╩ ⇔ ─ ╩

⇔≡ ─ ⌐≈™≡ ═√≤↓╤ ⌂ⱥꜝⱷ ≤ ⇔≡ 4 ⇔√

─ⱥꜝⱷ ─ ⅜ ⇔√↓≤╩ ⇔≡™╢⁹ 

≢│ ⌐⅔™≡ ─ ⌐ ⇔≡ ╩ ℮√╘ ꜝ♇♩─

╩ ⌐ ─⸗♦ꜟꜝ♇♩╩ ⇔√⁹ ─⸗♦ꜟꜝ♇♩─ │

⅜ ∆╢↓≤≤ ╩ ∆╢ ≢№╢ⱥꜝⱷ ─

⅜ ⇔≡™╢↓≤≤⇔√⁹╕√ ≢│ ⇔√ ⸗♦ꜟꜝ♇♩≤ ⌐

↕╣√ ─⸗♦ꜟꜝ♇♩╩ ⇔ ∆╢↓≤╩ ≤⇔√⁹ 
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2- 2 ≤  

 

│ 8 ─Wistar ꜝ♇♩ 12 290 320 g ≤⇔√⁹ ≡─ꜝ♇♩

│ ⅜ 23ϴ≤ ⌐⌂╢╟℮⌐ ≢◖fi♩꜡כꜟ↕╣√ ≢ 1 ☺כ◔≈∏

⌐ ⇔≡ ⇔ ─ MF ○ꜞ◄fi♃ꜟ ≤

╩ ⌐ ↕∑√⁹ ─ │ 7 ⌐ ⇔ 7 ⌐ ∆╢╟℮

⌐ 12 ◘▬◒ꜟ≢ ⌐ ≤ ╩ ⇔√⁹ ≡─ꜝ♇♩│ ⇔≡⅛╠ ⌐ ╣

↕∑╢ ≢ ⌐ 1 ⇔√⁹ 

 │ ╩ ⇔

─ ╩ ↑≡ ∫√ 15MA007 ⁹ 

 

 

 ─⸗♦ꜟꜝ♇♩│ ┼─ ╩ ℮↓≤≢ ⇔√ ⁹ꜝ♇

♩│ ⌐ 6 ╩ 2≈─ ⌐ ↑√⁹6 ─ꜝ♇♩│ ╩ ╦⌂™ ≤⇔√⁹

╡─ 6 ─ꜝ♇♩│ ╩ ≢ ∆╢ ≤⇔√⁹ │ 4 ≤

⇔√⁹ꜝ♇♩⌐ ∆╢ │ ≤⇔≡ 30 ▬♁ⱨꜟꜝfi⌐╟╢ ─

⌐Ɑfi♩Ᵽꜟⱦ♃כꜟ♫♩ꜞ►ⱶ 40 mg/kg ╩ ⇔ ⅜ ╦⌂™╟℮ ⌐

⅜ ⅝ ⅜ ⇔√ ⌐ ⇔√⁹ 

╩ ∆╢ ꜝ♇♩│ ⅛╠ ─ ╩ ⌐∆╢√╘⌐

⅛╠ ⌐⅛↑≡ ╩⇔√⁹ │ ╩ⱪכ♥ ™≡ ™ ꜝ♇♩─

╩ ≢ ⇔≡ ⅛╠ ⌐⅛↑≡ ⅝ ↑√⁹ ⅝ │ꜝ♇♩─
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⅜ ⇔≡ ≢⅝╢╟℮⌐⇔ ⌐ ⌂≥─ ⅜ ⇔⌂™⅛ ≢⅝

╢╟℮⌐⇔√⁹ ╩ⱪכ♥ ⅝ ↑√ ⅔╟┘ ╩ ∆╢ ≢☻♥fi

꜠☻ ─Ⱡ♇♩╩ ⇔≡ ─ⱪכ♥ ⅛╠◌Ᵽ⁹√⇔כ │

─ⱪכ♥ ╖╛ ⌐╟╢ ─ ╩ ⅛╠ ⇔ ⌐ ∂≡ ⅝ ⅎ╩ ∫

√⁹ 

 ≤ ─ ╩ ⇔√⁹ ─ │

⌐≡ ™ ╠ 28)≤ ╠ 29)─ ╩ ⌐ ⇔√⁹╕∏ ╠ 28)⅜ ™√ꜝ

♇♩ ╩ ⇔≡ꜝ♇♩╩ ⌐⇔ Ᵽfi♪╩ ™≡ ╩ ≢

⇔ ─ ⌐ ≤≤╙⌐ ⇔√⁹╕√ ─ ╩ ←√╘⌐ ▪◒ꜞꜟ

╩ ™≡ ╩ ⅛╠ ⇔√ ⁹∕─╕╕♦☺♃ꜟ♥fi◦ꜛfiⱷכ♃כ╩

™≡ ⌐ ↕╣≡™╢ ╩ ⇔⌂⅜╠ ⌐ 0.3 N╩ ⅎ≡ ╩ ⇔

√⁹ ⇔≡™╢ ╩ ∆╢√╘ ♦☺♃ꜟ◌ⱷꜝ╩ ™≡ ╩ ⇔√⁹ ⇔

√ │Ɽכ♁♫ꜟ◖fiⱧꜙכ♃כ⌐ ╡ ╖ 0.3 N≢ ↕∑√ ─ ╩ ⇔√⁹

╠╣√ │ ♁ⱨ♩ Image J ver . 1 44p, USA ╩ ⇔≡Ɽכ♁♫ꜟ◖fi

Ⱨꜙכ♃כ ≢ ╩ ⇔√⁹⌂⅔ ─ │ ╩

≤ ╩ ╪∞ ≤⇔ ╩ ≤⇔√ ⁹ 

 ─ ≤ ─ⱥꜝⱷ ╩ ⇔√⁹ ≡─ꜝ

♇♩│ ≢ ╟╡ ⇔≡ ⇔√⁹∕─ ╩ ⇔

≤⌂╢╟℮⌐ ≤ ╩ ≢ ⇔√ ≢ ⌐꞉▬ꜘכ╩ ⇔√⁹∕

⇔≡ ⱨꜝ◓♩כ○ AG- 50kNG ⌐ ╡ ↑ ה

≤ⱥꜝⱷ ─ ╩ ⇔ ⱥꜝⱷ ─╖╩ ⅛╠ ╕≢─

⅜ √╣╢╕≢ ⇔√⁹ │ Ono et al. 18)─ ╩ ⌐ 10 mm/min ≤⇔√⁹╕

√ ╠ 8)│ ⌂ꜝ♇♩ⱥꜝⱷ ⅜ ⅛╠ ╕≢⌐ 10 mm ∆╢↓≤
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⅛╠ ⱥꜝⱷ ╩ 10 mm ∆╢─⌐ ⌂ ╩ ─ ─ ≤⇔≡™╢⁹╟∫≡

≢╙ⱥꜝⱷ ⅜ 10 mm ∆╢─⌐ ⌂ ╩ ─ ≤⇔≡ ⇔√⁹  

 │ ♁ⱨ♩ ◄◒☿ꜟ 2012 ☻ⱦכ◘ ╩ ™

≡ ⇔√⁹ ≤ ─ ─ⱥꜝⱷ ─ │

⌐ ℮⅛≥℮⅛╩ ∆╢√╘⌐ Kolmogorov- Smirnov test ╩ ⇔√⁹∕⇔≡ 2

─ ⌐≈™≡ ⌐ ℮ │ Unpaired t - te st ╩ ™ ⌐ ╦⌂

™ │ⱡfiⱤꜝⱷ♩ꜞ♇◒≢№╢Wilcoxon signed - rank test ╩ ⇔ 5

╩╙∫≡ ╩ ⇔√⁹ 

 

2- 3  

 ─ ╩ ⌐ ⇔√⁹ │ 137.3 ± 2.5  

72.1 ± 5.7 ≢№∫√⁹ ─ 2 │ ⌐ ℮↓≤⅜ ╘╠

╣√√╘ Unpaired t - test ╩ ⇔√≤↓╤ │ ≤ ⇔≡

⅜ ⌐ ⇔√⁹ 

 ⱥꜝⱷ ─ ╩ ⌐ ⇔√⁹ⱥꜝⱷ │ 0.19 ± 0.09 N

1.73 ± 0.40 N≢№∫√⁹ ─ 2 │ ⌐ ℮↓≤⅜ ╘╠╣√√╘

Unpaired t - test ╩ ⇔√≤↓╤ │ ≤ ⇔≡ⱥꜝⱷ ⅜ ⌐

⇔√⁹ 

 

2- 4  

─ ⌐≈™≡ 
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│ ⌐ ⅎ╢ ⅜ ⅝™╒≥ ∆╢ 17)⁹ ─ │ ≢

℮╟╡╙ ╩ ™≡ ∆ ╩ ⌐⇔≡ ℮ ↓≤≢ ⅜ ↄ⌂╢↓≤⅜ ╠

╣≡™╢ 30)⁹ ₁│♥fi◦ꜛfiⱷכ♃כ╩ ⇔≡ ⌐ ∫√⁹╕√ ₁⅜

⌐ ™√ 0.3 N│ ⌂ꜝ♇♩ ╩ ─ ≢ ≢⅝╢ ≢№

╡ ─ ╩ ⇔√ ⌂ ╩ ℮↓≤⅜≢⅝√≤ ⅎ╠╣╢⁹ 

⌐≈™≡ 

⌐ ∆╢ │ ⌐ ⅜ ™╠╣ ╩ ∆╢↓≤≢ ╩

↕∑╢↓≤≢ ↕╣≡⅝√ 4,20)⁹ ╠ 31)│ꜝ♇♩ ╩ ≤⇔ 4 ─

╩ ∫√≤↓╤ ⅜ 79.5 ± 8.6 ≤⌂∫√≤ ⇔≡™╢⁹

≢│ꜝ♇♩ ╩ ≤⇔ 4 ─ ╩ ∫√≤↓╤ ⅜ 72.1 

± 5.7 ≤⌂∫√⁹ ─ │ ╠ 31)─ ≤ ⌐ ╩

╘√⅜ ∕─ ⅜ ⅝⅛∫√≤ ⅎ╢⁹ ╠ 31)─ ⌐ ⅎ√ │ ≢

╩ ∫≡™╢↓≤⅛╠ ─ ⌐ ⅎ√≤ ⌂╢ ⅜№╢⁹

╠ 31)─ ─ ⅜ ≢ ╩ ∫≡™√─⌐ ⇔ ─

─ ⅜♦☺♃ꜟ♥fi◦ꜛfiⱷכ♃כ╩ ⇔≡ ⌐ ∫√√╘ ─

⅜ ∂√≤ ⅎ╠╣√⁹ ─ │♦☺♃ꜟ♥fi◦ꜛfiⱷכ♃כ╩ ™≡

⌐ ℮↓≤≢╟╡ ─ ╩ ╡ ↄ↓≤≢ ╠ 31)─ ≤

⇔≡ ⅜ ↕ↄ⌂∫≡⅔╡ ╟╡ ─ ™ ╩ ╢↓≤⅜≢⅝√≤ ⅎ╠╣

╢⁹ 

⌐ ∆╢ⱥꜝⱷ ─ ⌐≈™≡ 

Salter et al. 32)│ ≤⇔≡™╢ ─ │ ⇔≡™╢ ─ ⌐

╟∫≡ ─ ╩ ↑╢↓≤╩ ⇔≡™╢⁹ ≢│ⱥꜝⱷ ─ ⌐
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⇔ ╙ ─ ╩ ⇔ ≢№╢ⱥꜝⱷ ─╖─

⅜ ∆╢╟℮⌐ ⇔√⁹ 

ⱥꜝⱷ ─ ⌐≈™≡ 

Ono et al. 18)╛ ╠ 8)│ꜝ♇♩ ╩ ⌐ ╩ ™ ⱥꜝⱷ ⌐ ⇔≡

╩ ∫√≤↓╤ ⱥꜝⱷ ⅜ ⇔√↓≤╩ ⇔≡™╢⁹ ⌐⅔↑╢

⌐╟╢ ─ │ Ono et al. 18)╛ ╠ 8)─ ≤ ≢│ꜝ♇♩─

╛ ─ ⅜№╡ ⌂ ⅜≢⅝⌂™⅜ ⌐╟╢ ─ ⅜ ∆╢↓

≤⌐≈™≡ ─ ≤ ─ ⅜ ╠╣√⁹ 

 

─↓≤╟╡ ≢ ∫√ ─⸗♦ꜟꜝ♇♩│ ─ ≤

ⱥꜝⱷ ─ ⅜ ↓∫≡⅔╡ ≤ ⌐ ╩ ∆╢↓≤⅜≢⅝

√⁹  
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2- 5  

 ─ │ ╩ ↕∑╢√╘⌐ ⌂ ─ ╩ ╩

⌐ ∆╢↓≤≢№╢⁹ꜝ♇♩╩ ≤⇔ ╩ ≢ ∆╢ ≤

╩ ╦⌂™ ─ 2 ⌐ ↑√⁹4 ─ ⅜ ⇔√ ⌐ 2 ─

≤ⱥꜝⱷ ╩ ⇔√⁹∕─ ≤ⱥꜝⱷ │

╟╡╙ ≢ ⌐ ⇔√⁹ ₁⅜ ™√ │ ≤ ⌐

╩ ∆╢↓≤⅜ ≢⅝√⁹ 
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                    ⌐╟╢◌Ᵽכ 
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╠ 28)⅜ ⇔≡™╢ꜝ♇♩  

A ה ╩ ≢ ⌐ ∆╢ Ᵽfi♪ 

B ╩ ∆╢▪◒ꜞꜟ  

C ╩ ⅛╠ ∆╢▪◒ꜞꜟ  

  

A 
B 

C 
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A ≤ ╩ ┬  

B  

  

B 

A 
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±  

p<0.05 

-  
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±  

p<0.05 

-  

ⱥꜝⱷ ─  
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3  

 

 

⌐ ∆╢☻♩꜠♇♅fi◓⅜ 

ⅎ╢ ⌐ ∆╢  
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3- 1  

≤│ ⌂ ─ ⅛╠ ⌐ ∆╢

⌂≥─ ⅜ ⇔≡ ↓╢ ─ ≢№╢⁹ ╠ 31)│

ꜝ♇♩ ╩ ≢ ╩ ™ ≤ ┼─ ─

╩ ═√≤↓╤ 1 ≢ 80.5 2 ≢ 65.4 4 ≢ 54.8 8 ≢

35.4 12 ≢ 25.4 ─ ≢№∫√≤ ⇔≡™╢⁹╕√ Tabary et al. 7)│ 4

─ ⱥꜝⱷ ╩ ⇔≡ ╩ ∆╢√╘⌐ ╩ ∫√≤↓╤

⌂ ╟╡╙ ⅜ ⇔√↓≤╩ ⇔≡™╢⁹ ≢│ ⌐⅔↑╢

─ ⌐ ⇔≡™╢⁹ 

≢│ ◑ⱪ☻ ⌂≥≢ ⇔√ ⌐ ⇔ ─ ╩ ╢ ≢ ┼☻

♩꜠♇♅fi◓╩ ℮⁹☻♩꜠♇♅fi◓─ │╝∫ↄ╡≤ ⌐ ╩ ⇔ ∕─

╩ ⌐ ∆╢↓≤≢ ℮ 33)≤↕╣≡™╢⅜ ⅎ╢ ⌐≈™≡│ ⌐↕╣≡⅔╠

∏ ─ ⌐ ≠™≡ ╦╣╢≤ ⅎ╠╣╢⁹ ≢│ꜝ♇♩╩ ™√ ⅜

╦╣≡⅔╡ ⇔√ ⌐ ∆╢☻♩꜠♇♅fi◓─ ╩ ⇔≡™╢ 15,34)⁹Benedini 

et al. 14)│ꜝ♇♩╩ ™√ ⌐⅔™≡ ꜝ♇♩ ⌐ ⇔≡ 10 ─

⌐╟╡ ╩ ↕∑√ ─ ╩ ™≡ꜝ♇♩ ╩ ╕≢ ↕∑≡

☻♩꜠♇♅fi◓╩ 1 10 ─ ≢ 10 ∫√≤↓╤ ─ ⅜

↓∫√↓≤╩ ⇔≡™╢⁹╕√ ╠ 15)│ꜝ♇♩ ⌐ ⇔≡ 2 ─ ⌐

╟∫≡ ╩ ↕∑√ ─ ╩ ™≡ꜝ♇♩ ─☻♩꜠♇♅fi◓╩ 1

5 ─ ≢ 9 ∫√≤↓╤ ─ ⅜ ↓∫√↓≤╩ ⇔≡™╢⁹ 

↓─╟℮⌐ ≢│ ⌐ ⇔≡☻♩꜠♇♅fi◓╩ ℮↓≤≢ ⅜

∆╢↓≤⅜ ↕╣≡™╢⁹⇔⅛⇔ ⌐⅔↑╢☻♩꜠♇♅fi◓│ ⌐

╦╣≡⅔╡ ≥─ ─ ⅜ ╦∫≡™√⅛ ≢№╢⁹ ⌐ ∆╢☻♩꜠♇♅fi
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◓─ ╩ ╠⅛⌐∆╢√╘⌐ ⅎ╢ │ ⌂ ╩ ™≡ ∆╢ ⅜№╢≤

ⅎ╠╣╢⁹╕√ ☻♩꜠♇♅fi◓│ 1 ⌐ ℮ ╛ ⇔√ ⌂≥⅜ ∆╢≤ ⅎ

╠╣╢⁹ ⌐⅔↑╢☻♩꜠♇♅fi◓│ 1 10 ╩ 10 ⇔√╙─╛ 1 5

╩ 9 ⇔√╙─⌂≥ ⅜ ↕╣≡™⌂™⁹☻♩꜠♇♅fi◓╩ ╡ ⇔ ℮↓

≤│ ─ ╛☻♩꜠♇♅fi◓ ─▬fi♃כⱣꜟ ⌂≥⅜ ∆╢≤ ⅎ╠╣╢⁹∕

─√╘ ☻♩꜠♇♅fi◓─ ╩ ∆╢⌐│ ╩ 1 ⌐ ⇔≡ ∆╢ ⅜№╢⁹ 

∕↓≢ │ ⇔√ ⌐ ⇔≡☻♩꜠♇♅fi◓⌐ ⅎ╢ ╩ ∆↓≤⅜≢⅝

╢ ≢ ╩ 1 ⌐ ⇔√ ⌐≈™≡ ╩ ∫√⁹ 

 

3- 2 ≤  

 

│ 8 ─Wistar ꜝ♇♩ 24 280 310 g ≤⇔√⁹∆═≡─ꜝ♇

♩│ ⅜ 23ϴ≤ ⌐⌂╢╟℮⌐ ≢◖fi♩꜡כꜟ↕╣√ ≢ 1 כ◔≈∏

☺ ⌐ ⇔≡ ⇔ ─ MF ○ꜞ◄fi♃ꜟ

≤ ╩ ⌐ ↕∑√⁹ ─ │ 7 ⌐ ⇔ 7 ⌐ ∆╢╟

℮⌐ 12 ◘▬◒ꜟ≢ ⌐ ≤ ╩ ⇔√⁹∆═≡─ꜝ♇♩│ ⌐ ╣↕∑╢

≢ 1 ⇔√⁹ 

│ ╩ ⇔

─ ╩ ↑≡ ∫√ 15MA007 ⁹ 

 

 

│ ⌐ ╩ ∫√ n=6 ╩ ∫√ ⌐ 0.3 N─ ≢
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☻♩꜠♇♅fi◓╩ ℮ 0.3 N n=6 ╩ ∫√ ⌐ 3.0 N─ ≢

☻♩꜠♇♅fi◓╩ ℮ 3.0 N n=6 ╩ ╦⌂™ n=6 ⌐ ↑√⁹

ꜝ♇♩⌐ ∆╢ │ ≤⇔≡ 30 ▬♁ⱨꜟꜝfi⌐╟╢ ─ ⌐

Ɑfi♩Ᵽꜟⱦ♃כꜟ♫♩ꜞ►ⱶ 40 mg/kg ╩ ⇔ ⅜ ╦⌂™╟℮ ⌐ ⅜

⅝ ⅜ ⇔√ ⌐ ⇔√⁹ 

╩ ∆╢ ꜝ♇♩│ ⅛╠ ─ ╩ ⌐∆╢√╘⌐

⅛╠ ⌐⅛↑≡ ╩⇔√⁹ │ ╩ⱪכ♥ ™≡ ™ ꜝ♇♩─

╩ ≢ ⇔≡ ⅛╠ ⌐⅛↑≡ ⅝ ↑√⁹ ⅝ │ꜝ♇♩─

⅜ ⇔≡ ≢⅝╢╟℮⌐⇔ ⌐ ⌂≥─ ⅜ ⇔⌂™⅛ ≢⅝

╢╟℮⌐⇔√⁹ ╩ⱪכ♥ ⅝ ↑√ ⅔╟┘ ╩ ∆╢ ≢☻♥fi

꜠☻ ─Ⱡ♇♩╩ ⇔≡ ─ⱪכ♥ ⅛╠◌Ᵽ⁹√⇔כ │

─ⱪכ♥ ╖╛ ⌐╟╢ ─ ╩ ⅛╠ ⇔ ⌐ ∂≡ ⅝ ⅎ╩ ∫

√⁹ │ 4 ≤⇔√⁹ 

 ∆═≡─ ⌐ ⇔≡ ╩ ⇔√⁹0.3 N ≤ 3.0 N ⌐ ⇔≡

☻♩꜠♇♅fi◓╩ ∫√⁹☻♩꜠♇♅fi◓│ 30 ╩ 1 ─╖ ≤⇔√⁹

☻♩꜠♇♅fi◓╩ ℮ │ ╠ 28)⅜ ™√ꜝ♇♩ ╩ ⇔≡ꜝ♇♩╩

⌐⇔ Ᵽfi♪╩ ™≡ ╩ ≢ ⇔ ─ ⌐ ≤≤╙⌐ ⇔

√⁹╕√ ─ ╩ ←√╘⌐ ▪◒ꜞꜟ ╩ ™≡ ╩ ⅛╠ ⇔√⁹☻

♩꜠♇♅fi◓⌐ ⅎ╢ │ ⇔┌⌡┌⅛╡╩ ™≡ ⌂ ╩ ⅎ√⁹ 

∆═≡─ ⌐ ⇔≡ ╩ ⇔√⁹ ─ │

⌐≡ ™ ╠ 28)≤ ╠ 29)─ ╩ ⌐ ⇔√⁹╕∏ ╠ 28)⅜ ™√ꜝ♇

♩ ╩ ⇔≡ꜝ♇♩╩ ⌐⇔ Ᵽfi♪╩ ™≡ ╩ ≢

⇔ ─ ⌐ ≤≤╙⌐ ⇔√⁹╕√ ─ ╩ ←√╘⌐ ▪◒ꜞꜟ
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╩ ™≡ ╩ ⅛╠ ⇔√⁹∕─╕╕♦☺♃ꜟ♥fi◦ꜛfiⱷכ♃כ╩ ™≡

⌐ ↕╣≡™╢ ╩ ⇔⌂⅜╠ ⌐ 0.3 N╩ ⅎ≡ ╩ ⇔√⁹ ⇔≡

™╢ ╩ ∆╢√╘ ♦☺♃ꜟ◌ⱷꜝ╩ ™≡ ╩ ⇔√⁹ ⇔√ │Ɽכ

♁♫ꜟ◖fiⱧꜙכ♃כ⌐ ╡ ╖ 0.3 N≢ ↕∑√ ─ ╩ ⇔√⁹ ╠╣√

│ ♁ⱨ♩ Image J ver . 1 44p. USA ╩ ⇔≡Ɽכ♁♫ꜟ◖fiⱧꜙכ♃כ

≢ ╩ ⇔√⁹⌂⅔ ─ │ ╩ ≤ ╩

╪∞ ≤⇔ ╩ ≤⇔√⁹ 

─ ∆═≡─ ─ⱥꜝⱷ ╩ ⇔√⁹∆═≡─ꜝ♇

♩│ ≢ ╟╡ ⇔≡ ⇔√⁹∕─ ╩ ⇔

≤⌂╢╟℮⌐ ≤ ╩ ≢ ⇔√ ≢ ⌐꞉▬ꜘכ╩ ⇔√⁹∕⇔

≡ ⱨꜝ◓♩כ○ AG- 50kNG ⌐ ╡ ↑ ה

≤ⱥꜝⱷ ─ ╩ ⇔ ⱥꜝⱷ ─╖╩ ⅛╠ ╕≢─

⅜ √╣╢╕≢ ⇔√⁹ │ Ono et al. 18)─ ╩ ⌐ 10 mm/min ≤⇔√⁹╕

√ ╠ 8)│ ⌂ꜝ♇♩ⱥꜝⱷ ⅜ ⅛╠ ╕≢⌐ 10 mm ∆╢↓≤

⅛╠ ⱥꜝⱷ ╩ 10 mm ∆╢─⌐ ⌂ ╩ ─ ─ ≤⇔≡™╢⁹╟∫≡

≢╙ⱥꜝⱷ ⅜ 10 mm ∆╢─⌐ ⌂ ╩ ─ ≤⇔≡ ⇔√⁹ 

│ ♁ⱨ♩ ◄◒☿ꜟ 2012 ☻ⱦכ◘ ╩ ™

≡ ⇔√⁹ 0.3 N 3.0 N ─ ⱥꜝⱷ ─

│ ⌐ ℮⅛≥℮⅛╩ ∆╢√╘⌐ Kolmogorov- Smirnov test ╩ ⇔√⁹∕

⇔≡ 4 ─ ⌐≈™≡ ⌐ ℮ │ one- way Analysis of Variance

one- way ANOVA≤ ∆ ╩ ™ ⌐ ╦⌂™ │ⱡfiⱤꜝⱷ♩ꜞ♇◒≢№╢

Kruskal - Wallis test ╩ ⇔√⁹∕─ ╩ ╘√ │ ╩ ∫√⁹

⌂⅔ ∆═≡─ │ 5 ╩╙∫≡ ╩ ⇔√⁹ 
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3- 3  

─ ─ ╩ ⌐ ⇔√⁹ │ ⅜ 344.6 ± 26.6 g ⅜ 304.0 

± 21.6 g 0.3 N ⅜ 305.1 ± 7.5 g 3.0 N ⅜ 301.4 ± 21.8 g≢№∫√⁹ 

─ ╩ ⌐ ⇔√⁹ │ ⅜ 136.5 ± 

1.6 ⅜ 66.4 ± 3.5 0.3 N ⅜ 74.0 ± 4.9 3.0 N ⅜ 89.1 ± 5.2

≢№∫√⁹ ─ │ ⌐ ℮↓≤⅜ ╘╠╣√√╘ one- way ANOVA

╩ ⇔√≤↓╤ ⌐ ╩ ╘√⁹ ⌐ ≤⇔≡ Tukey

╩ ™√≤↓╤ │∕─ ─ 3 ╟╡╙ ⅜ ⌐ ⅝⅛∫√⁹

0.3 N │ ╟╡╙ ⅜ ⌐ ⅝⅛∫√⁹3.0 N │ 0.3 N ╟╡╙

⅜ ⅝⅛∫√⁹ 

ⱥꜝⱷ ─ ╩ ⌐ ⇔√⁹ⱥꜝⱷ │ ⅜ 0.20 ± 0.06 N

⅜ 2.18 ± 0.47 N 0.3 N ⅜ 2.22 ± 0.39 N 3.0 N ⅜ 1.80 ± 0.85 N ≢№∫

√⁹ ─ │ ⌐ ℮↓≤⅜ ╘╠╣√√╘ one way ANOVA╩

⇔√≤↓╤ ⱥꜝⱷ ⌐ ╩ ╘√⁹ ⌐ ≤⇔≡ Tukey ╩ ™

√≤↓╤ │∕─ ─ 3 ╟╡╙ⱥꜝⱷ ⅜ ⌐ ⅛∫√⁹ 

 

3- 4  

☻♩꜠♇♅fi◓⌐ ™√ ⌐≈™≡ 

╠ 35)│ ⌂ꜝ♇♩ ╩ ─ ≢ ≢⅝╢ ≤⇔≡ 0.3 N╩ ⇔≡™

╢⁹ ⌐⅔↑╢ 0.3 N │☻♩꜠♇♅fi◓⌐ 0.3 N─ ╩ ™≡™╢⁹∕─√╘    

0.3  N ⌐│ ⇔√ ⌐ ⇔≡ ⌂ ╩ ≢ ≢⅝╢ ⅜☻♩꜠♇♅
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fi◓≤⇔≡ ╦∫≡™╢≤ ⅎ╠╣╢⁹ ≢ 3.0 N│ 300 g ⌐ ∆╢ ≢№╡

⌐⅔↑╢ 3.0 N ─ ≤ ─ ≢№╢⁹ ⌐⅔™≡ ⌂≥╩ ™≡

⌐ ╩⅛↑≡☻♩꜠♇♅fi◓╩ ℮↓≤⅜№╢⁹ ⌐⅔™≡ 3.0 N │ ≤

─ ╩☻♩꜠♇♅fi◓≤⇔≡ ™╢↓≤≢ ⌂≥╩ ™√☻♩꜠♇♅fi◓╩

⇔√ ≢№╢⁹ 

─ ⌐≈™≡ 

⌂ ⌐⅔™≡ ⅎ╢ ⅜ ⅝™╒≥ │ ∆╢↓≤⅜ ↕╣≡™

╢ 36)⁹╕√ Mark et al. 37)│ ⌂ ⌐ ⇔≡☻♩꜠♇♅fi◓╩ ™ ☻♩꜠♇♅fi◓

│ ─ ⅜ ⇔ ─ ⅜ ∆╢↓≤╩ ⇔≡™╢⁹ ≢│

⌐ ⇔≡╙☻♩꜠♇♅fi◓⌐ ⅎ╢ ⅜ ⅝™╒≥ ⅜ ⇔≡™√⁹⇔⅛⇔

─ │ 0.3 N─ ╩☻♩꜠♇♅fi◓⌐ ⅎ≡╙ ⇔≡™⌂⅛∫√⁹↓─↓≤⅛╠

0.3 N─ ╩ ™√☻♩꜠♇♅fi◓│ ╩ ⇔≡╙ ─ ╩ ⇔⌂⅛∫

√↓≤⅜╦⅛╢⁹↓─↓≤⌐≈™≡ ╠ 31)│ ⅜ ↓∫√ ─ ⌐│

ה ה ⅜ ⇔≡™╢≤ ⇔≡™╢⁹ ⌐⅔™≡ ☻♩꜠♇♅fi◓─

│ ╩ ⇔≡ ∫≡⅔╡ ∞↑≢⌂ↄ ╛ ⌐╙☻♩꜠♇♅fi◓─

⅜ ╦∫√≤ ⅎ╠╣╢⁹∕─√╘ 0.3 N≢─☻♩꜠♇♅fi◓⌐⅔™≡ ─

⅜ ⇔≡™⌂™⌐╙ ╦╠∏ ⅜ ⇔√─│ ╛ ≢№╢≤ ⅎ╠

╣√⁹ ≢ 3.0 N─ ╩ ™√☻♩꜠♇♅fi◓│ ≤ ─ ⅜ ⇔≡™

√⁹↓─↓≤⅛╠ 3.0 N─ │ ─ ─ ⅜ ╩ ⇔√≤ ⅎ╠╣

╢⁹ 

ⱥꜝⱷ ─ ⌐≈™≡ 

╕√ │ 3 ≢ fi◕כꜝ◖─ ⅜ ⇔ ⅜ ↓╢↓≤

⅜ ↕╣≡™╢ 38,39)⁹╕√ Okita  et al. 40)│ꜝ♇♩⌐ ⇔≡ 1 ⅛╠ 12 ╕≢
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╩ ∫≡ fi◕כꜝ◖ ─ ╩ ⇔ 4 ⌐ ⅜

≢№∫√≤ ⇔≡™╢⁹ │ 4 ─ ╩ ∫≡⅔╡ ≢ ↕

╣≡™╢╟℮⌐ ⌐ ⌂ ⅜ ↓∫≡™╢≤ ⅎ╠╣╢⁹☻♩꜠♇♅fi

◓⌐ ™╢ │ ⌂ ─ ⌐ ⇔≡ ╟╡ ⅝™ ⅜ ⌐ ≢№∫√

≤ ⅎ╠╣╢⁹ 

 

│ ⌐ ∆╢ 1 ─☻♩꜠♇♅fi◓⅜ ⅎ╢ ⌐≈™≡ ⇔√≤↓╤

╩ ─ ≢ ⅛∆ ─ ≢ ⅜ ∆╢⅜ ─ ⅜ ⇔⌂™

↓≤ ≤ ─ ≢ ≤ ─ ⅜ ∆╢↓≤╩ ╘≡ ╠⅛⌐⇔√⁹

≢│ ⌐ ⇔≡☻♩꜠♇♅fi◓╩ ℮↓≤≢ ⅜ ∆╢⅜

⌐ ⅜ ╦╢↓≤⅜ ↕╣≡™╢⁹ │☻♩꜠♇♅fi◓⅜ ─ ⌐⅔╟

╓∆ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ 
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3- 5  

 ─ │ ⅜ ⇔√ ⌐ ⇔≡ ⇔√ ≢☻♩꜠♇♅fi◓╩

™ ⅎ╢ ⌐≈™≡ ╩ ∫√⁹ꜝ♇♩╩ ≤⇔ ⌂ ≢№╢ 4

─ ╩ ℮ ─ ⌐ ⌂ ╩ ≢ ⅛∑╢ ≢☻♩꜠♇

♅fi◓╩ ℮ 0.3 N ─ ⌐ ≤ ─ ≢☻♩꜠♇♅fi◓╩ ℮ 3.0 N

⌐ ↑√⁹ 4 ─ ≤ⱥꜝⱷ ╩ ⇔√⁹∕─

0.3 N │ ⅜ ⇔√⅜ ⱥꜝⱷ ─ │ ⇔⌂⅛∫√⁹∕─

≢ 3.0 N │ ≤ⱥꜝⱷ ⅜ ⇔≡™√⁹ ₁⅜☻♩꜠♇♅

fi◓⌐ ™√ │ ≤ ─ ≢№╢ 3.0 N╩ ⅎ╢↓≤≢ ≤ ─

╩ ∆╢↓≤⅜≢⅝√⁹ 
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±  

 

─  
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±  

p<0.05 

 

 

  

 

 

 
 

 

 



 

36 

 

 

 

 

±  

p<0.05 

 

ⱥꜝⱷ ─  

  

 

 

 



 

37 

 

 

 

 

 

4  

 

 

⌐ ⇔≡ 1 ─☻♩꜠♇♅fi◓⅜ 

ⅎ╢ ⌐≈™≡─  
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4- 1  

│ ─ ⌂≥≢ ⇔ ⌐ ∆╢

⌂≥─ ⅜ ⇔≡ ↓╢ ─ ≢№╢⁹ ⇔√

⌐ ∆╢ │ ⇔√ ⌐☻♩꜠♇♅fi◓∆╢↓≤≢ ─ ╩ ╢

42)⁹ ≢│ ⌐⅔↑╢ ─ ╩ ↕∑╢√╘─☻♩꜠♇♅fi◓─

╩ ╠⅛⌐∆╢↓≤╩ ≤⇔≡ ╩ ∫≡⅝√⁹↓╣╕≢─ ≢│ 4 ─

≢ ⇔√ ⌐ ⇔ 1 ─☻♩꜠♇♅fi◓⌐ ⌂ ╩ ≢ ⅛∑╢

≤ ≤ ─ ╩ ⅎ√ ☻♩꜠♇♅fi◓⌐ ™╢ │ ≤ ─ ╩ ⅎ╢↓

≤≢ ─ ╩ ↕∑╢↓≤⅜≢⅝√⁹ 

⇔√ ⌐☻♩꜠♇♅fi◓╩ ∫√ ≢│ №╢ ─ ☻♩꜠♇♅

fi◓╩ ╡ ⇔ ⌐ ╩ ∫√≤↓╤ ─ ⅜ ╘╠╣√

≢ ─ ⌂≥─ ⅜ ↓╢↓≤⅜ ↕╣≡™╢ 14,43)⁹╕√ ⌐ ⇔

≡ ⅜ ╦╢≤ 24 ⅛╠ 72 ⌐ ⅜ ⇔ ╛ ⅜ ∆╢↓

≤⅜ ↕╣≡™╢ 44,45)⁹↓─↓≤⅛╠ ☻♩꜠♇♅fi◓╩ ∫≡⅛╠ ⅜ ∆╢≤

─ ⌐ ⅜ ∂╢↓≤⅜ ⅎ╠╣╢⁹ ⌐⅔™≡ ≢│ ☻♩꜠♇♅

fi◓⅜ ─ ⌐ ⅎ╢ ⌐≈™≡ ⇔√⁹⇔⅛⇔ ╩ ∫√ │☻♩꜠♇

♅fi◓ ≢№╡ 44,45)─ ⅛╠╙ ☻♩꜠♇♅fi◓⅛╠─ ⌂ ╩

∆╢ ⅜№╢⁹ 

∕↓≢ ≢│ ⇔√ ⌐ ⇔≡ 1 ─☻♩꜠♇♅fi◓⅜⅔╟╓∆

⌐≈™≡ ╩ ∫√⁹ 
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4- 2 ≤  

 

│ 8 ─Wistar ꜝ♇♩ 48 290 310 g ≤⇔√⁹ ≡─ꜝ♇♩

│ ⅜ 23ϴ≤ ⌐⌂╢╟℮⌐ ≢◖fi♩꜡כꜟ↕╣√ ≢ 1 ☺כ◔≈∏

⌐ ⇔≡ ⇔ ─ MF ○ꜞ◄fi♃ꜟ ≤

╩ ⌐ ↕∑√⁹ ─ │ 7 ⌐ ⇔ 7 ⌐ ∆╢╟℮

⌐ 12 ◘▬◒ꜟ≢ ⌐ ≤ ╩ ⇔√⁹ ≡─ꜝ♇♩│ ⌐ ╣↕∑╢ ≢

1 ⇔√⁹ 

│ ╩ ⇔

─ ╩ ↑≡ ∫√ 15MA007 ⁹ 

 

 

│ ╩ ∫√ ⌐ 0.3 N─ ≢ ☻♩꜠♇♅fi◓╩ ℮ 0.3 N

n=18 ╩ ∫√ ⌐ 3.0 N─ ≢ ☻♩꜠♇♅fi◓╩ ℮ 3.0 N

n=18 ⌐ ↑√⁹╕√ ∕╣∙╣─ │ ⌂ ╩╖╢√╘⌐☻♩꜠♇♅fi◓

n=6 3 n=6 7 n=6 ⌐ ╩ ∫√⁹ꜝ♇♩⌐ ∆╢ │

≤⇔≡ 30 ▬♁ⱨꜟꜝfi⌐╟╢ ─ ⌐Ɑfi♩Ᵽꜟⱦ♃כꜟ♫♩ꜞ►ⱶ 

40 mg/kg ╩ ⇔ ⅜ ╦⌂™╟℮ ⌐ ⅜ ⅝ ⅜ ⇔√ ⌐

⇔√⁹ 

╩ ∆╢ ꜝ♇♩│ ⅛╠ ─ ╩ ⌐∆╢√╘⌐

⅛╠ ⌐⅛↑≡ ╩⇔√⁹ │ ╩ⱪכ♥ ™≡ ™ ꜝ♇♩─

╩ ≢ ⇔≡ ⅛╠ ⌐⅛↑≡ ⅝ ↑√⁹ ⅝ │ꜝ♇♩─
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⅜ ⇔≡ ≢⅝╢╟℮⌐⇔ ⌐ ⌂≥─ ⅜ ⇔⌂™⅛ ≢

⅝╢╟℮⌐⇔√⁹ ╩ⱪכ♥ ⅝ ↑√ ⅔╟┘ ╩ ∆╢ ≢☻♥

fi꜠☻ ─Ⱡ♇♩╩ ⇔≡ ─ⱪכ♥ ⅛╠◌Ᵽ⁹√⇔כ │

─ⱪכ♥ ╖╛ ⌐╟╢ ─ ╩ ⅛╠ ⇔ ⌐ ∂≡ ⅝ ⅎ╩

∫√⁹ │ 4 ≤⇔√⁹ 

 ∆═≡─ │ ╩ ⇔≡ ╩ ⇔√ ⌐

☻♩꜠♇♅fi◓╩ ∫√⁹☻♩꜠♇♅fi◓│ 30 ╩ 1 ─╖ ≤⇔√⁹☻

♩꜠♇♅fi◓╩ ℮ │ ╠ 28)⅜ ™√ꜝ♇♩ ╩ ⇔≡ꜝ♇♩╩ ⌐

⇔ Ᵽfi♪╩ ™≡ ╩ ≢ ⇔ ─ ⌐ ≤≤╙⌐ ⇔√⁹

╕√ ─ ╩ ←√╘⌐ ▪◒ꜞꜟ ╩ ™≡ ╩ ⅛╠ ⇔√⁹☻♩꜠

♇♅fi◓⌐ ⅎ╢ │ ⇔┌⌡┌⅛╡╩ ™≡ ⌂ ╩ ⅎ√⁹0.3 N ≤ 3.0 N │

☻♩꜠♇♅fi◓ 3 7 ⌐ ≤⇔≡ ─ ≤ⱥꜝⱷ ─

─ⱥꜝⱷ ╩ ∫√⁹☻♩꜠♇♅fi◓ ☺כ◔│♩♇ꜝ

≢ ─ ╩ ∫√⁹ 

─ │ ⌐≡ ™ ╠ 28)≤ ╠ 29)─ ╩ ⌐ ⇔

√⁹╕∏ ╠ 28)⅜ ™√ꜝ♇♩ ╩ ⇔≡ꜝ♇♩╩ ⌐⇔ Ᵽfi♪╩

™≡ ╩ ≢ ⇔ ─ ⌐ ≤≤╙⌐ ⇔√⁹╕√ ─

╩ ←√╘⌐ ▪◒ꜞꜟ ╩ ™≡ ╩ ⅛╠ ⇔√⁹∕─╕╕♦☺♃ꜟ♥fi

◦ꜛfiⱷכ♃כ╩ ™≡ ⌐ ↕╣≡™╢ ╩ ⇔⌂⅜╠ ⌐ 0.3 N╩ ⅎ

≡ ╩ ⇔√⁹ ⇔≡™╢ ╩ ∆╢√╘ ♦☺♃ꜟ◌ⱷꜝ╩ ™≡ ╩

⇔√⁹ ⇔√ │Ɽכ♁♫ꜟ◖fiⱧꜙכ♃כ⌐ ╡ ╖ 0.3 N≢ ↕∑√ ─

╩ ⇔√⁹ ╠╣√ │ ♁ⱨ♩ Image J ver . 1 44p. USA ╩

⇔≡Ɽכ♁♫ꜟ◖fiⱧꜙכ♃כ ≢ ╩ ⇔√⁹⌂⅔ ─
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│ ╩ ≤ ╩ ╪∞ ≤⇔ ╩ ≤⇔√⁹ 

ⱥꜝⱷ ─ │ ≢ ╟╡ ⇔≡ ⌐ⱥꜝⱷ ╩

⇔√⁹ │ ╩ ⇔ ≤⌂╢╟℮⌐ ≤ ╩

≢ ⇔√ ≢ ⌐꞉▬ꜘכ╩ ⇔√⁹∕⇔≡ ⱨꜝ◓♩כ○

AG- 50kNG ⌐ ╡ ↑ ה ≤ⱥꜝⱷ ─

╩ ⇔ ⱥꜝⱷ ─╖╩ ⅛╠ ╕≢─ ⅜ √╣╢╕≢ ⇔√⁹

│ Ono et al. 18)─ ╩ ⌐ 10 mm/min ≤⇔√⁹╕√ ╠ 8)│ ⌂ꜝ♇♩ⱥ

ꜝⱷ ⅜ ⅛╠ ╕≢⌐ 10 mm ∆╢↓≤⅛╠ ⱥꜝⱷ ╩ 10 mm

∆╢─⌐ ⌂ ╩ ─ ─ ≤⇔≡™╢⁹╟∫≡ ≢╙ⱥꜝⱷ ⅜ 10 mm

∆╢─⌐ ⌂ ╩ ─ ≤⇔≡ ⇔√⁹ 

ⱥꜝⱷ ─ │ ⇔√ⱥꜝⱷ ╩ ⇔ ⱥꜝⱷ ─ ╩ ⇔√⁹

⇔√ⱥꜝⱷ ─ ⅛╠◒ꜞ○☻♃♇♩╩ ⇔ 10 µm ≢ⱥꜝⱷ ─

╩ ⇔√⁹ ⇔√ │Ⱬⱴ♩◐◦ꜞfiה◄○☺fi HE ≤∆╢

≤♃▬ⱪзה♃▬ⱪй◖ꜝכ◕fi─ ╩ ∫√⁹HE ≢│ ╩ ∫√

fi꞉fi▬ꜟכ○ ♦☺♃ꜟ◌ⱷꜝ╩ ™≡ⱥꜝⱷ ─ ╩ 200 ─

≢ ⇔√⁹ ⇔√ ⅛╠ ♁ⱨ♩ BZ- X Analyzer ☻fi◄כ◐   

╩ ™≡ ⌐ 200 ─ ─ ╩ ⇔ ∕─ ╩ ╘√⁹

≢│ Honda et al. ─ 46)╩ ⌐ ♃▬ⱪз◖ꜝכ◕fi ≤ ♃▬ⱪй

fi◕כꜝ◖ ⌂╠┘⌐ ╩ ╪∞ ╩ ™√ ╩ ⇔ ○

fi꞉fi▬ꜟכ ♦☺♃ꜟ◌ⱷꜝ╩ ™≡ⱥꜝⱷ ─ ╩ 200 ─ ≢

⇔√⁹ ⇔√ ⅛╠ꜝfi♄ⱶ⌐ 5 ╩ ♁ⱨ♩ BZ- X Analyzer  

☻fi◄כ◐  ≢ ─ ╩ ⇔ ∕─ ─ fi◕כꜝ◖╩

≤⇔≡ ⇔√⁹ 
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│ ♁ⱨ♩ ◄◒☿ꜟ 2012 ☻ⱦכ◘ ╩ ™

≡ ⇔√⁹☻♩꜠♇♅fi◓ 3 7 ⌐∕╣∙╣ 0.3 N 3.0 N ─

ⱥꜝⱷ ─ ♃▬ⱪзה♃▬ⱪй◖ꜝכ◕fi │

⌐ ℮⅛≥℮⅛╩ ∆╢√╘⌐ Kolmogorov- Smirnov test ╩ ⇔√⁹∕⇔≡ 2

─ ⌐≈™≡ ⌐ ℮ │ Unpaired t - test ╩ ™ ⌐ ╦⌂

™ │ⱡfiⱤꜝⱷ♩ꜞ♇◒≢№╢Wilcoxon signed - rank test ╩ ⇔ 5

╩╙∫≡ ╩ ⇔√⁹ 

 

4- 3  

─ ─ ╩ ⌐ ⇔√⁹ ─ │ 0.3 N ⅜

304.2 ± 11.4 g 3.0 N ⅜ 303.7 ± 9.0 g ≢№∫√⁹0.3 N ≤ 3.0N ⌐⅔↑╢☻♩

꜠♇♅fi◓ 3 7 ─ ╩ ⌐ ⇔√⁹0.3N ─ │☻♩꜠♇♅fi

◓ ≢ 0.3 N ⅜ 300.2 ± 6.5 g  3 ≢ 0.3 N ⅜ 342.0 ± 14.5 g  7 ≢     

0.3  N ⅜ 351.5 ± 5.0 g ≢№∫√⁹3.0 N ─ │☻♩꜠♇♅fi◓ ≢  307.7 ± 

12.9 g 3 ≢ 339.5 ± 5.9 g 7 ≢ 357.3 ± 7.7 g ≢№∫√⁹ 

─ ╩ ⌐ ⇔√⁹0.3 N ─ │☻♩꜠♇♅

fi◓ ≢ 74.7 ± 2.4 3 ≢ 84.2 ± 3.0 7 ≢ 82.3 ± 1.1 ≢№∫√⁹

3.0 N ─ │☻♩꜠♇♅fi◓ ≢ 92.2 ± 1.8 3 ≢ 81.6 ± 0.7

7 ≢ 79.3 ± 0.4 ≢№∫√⁹ ─ ⌐⅔™≡ 2 │ ⌐

℮↓≤⅜ ╘╠╣√√╘ Unpaired t - test ╩ ⇔√⁹∕─ ☻♩꜠♇♅fi◓

─ │ 0.3 N ⌐ ═≡ 3.0 N ⅜ ⌐ ⅝⅛∫√⁹╕√ 3 7ה

─ │ 3.0 N ⌐ ═≡ 0.3 N ⅜ ⌐ ⅝⅛∫√⁹ 
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ⱥꜝⱷ ─ ─ ╩ ⌐ ⇔√⁹0.3 N ─ⱥꜝⱷ │☻♩꜠♇♅fi

◓ ≢ 2.09 ± 2.8 N 3 ≢ 3.02 ± 0.72 N 7 ≢ 2.01 ± 0.40 N ≢№∫√⁹

3.0 N ─ⱥꜝⱷ │☻♩꜠♇♅fi◓ ≢ 1.29 ± 0.52 N 3 ≢ 3.90 ± 0.46 

N 7 ≢ 2.56 ± 0.28 N ≢№∫√⁹ ─ ⌐⅔™≡ 2 │ ⌐

℮↓≤⅜ ╘╠╣√√╘ Unpaired t - test ╩ ⇔√⁹∕─ ☻♩꜠♇♅fi◓

─ⱥꜝⱷ │ 0.3 N ⌐ ═≡ 3.0 N ⅜ ⌐ ⅝⅛∫√⁹╕√ 3 7ה

─ⱥꜝⱷ │ 3.0 N ⌐ ═≡ 0.3 N ⅜ ⌐ ⅝⅛∫√⁹ 

ⱥꜝⱷ ─ HE ╩ ⌐ ⇔√⁹0.3 N │ 3 ⌐ ⌐ ⅜ ⇔

≡™╢⅜ 7 ⌐│ ⇔≡™╢⁹3.0 N │ 3 ⌐ ⌐ ⅜ ⇔ 7

≢╙ ⅜ ↄ ⇔≡™╢⁹ 

─ ╩ ⌐ ⇔√⁹0.3 N ─ │☻♩꜠♇♅fi◓ ≢

45.8 ± 3.3 µm3 ≢ 50.7 ± 2.9 µm7 ≢ 56.3 ± 3.3 µm≢№∫√⁹3.0 N

─ │☻♩꜠♇♅fi◓ ≢ 46.0 ± 1.3 µm3 ≢ 45.2 ± 3.2 µm7

≢ 49.5 ± 3.0 µm≢№∫√⁹ ─ ⌐⅔™≡ 2 │ ⌐ ℮↓≤

⅜ ╘╠╣√√╘ Unpaired t - test ╩ ⇔√⁹∕─  3 7ה ─

│ 3.0 N ⌐ ═≡ 0.3 N ⅜ ⌐ ⅝⅛∫√⁹ 

⌐⅔↑╢♃▬ⱪз◖ꜝכ◕fi ─ ╩ ⌐ ⇔√⁹

♃▬ⱪз◖ꜝכ◕fi │ 3.0 N ─ 7 ⌐⅔™≡ ⇔≡™╢ ⅜ ╠╣√⁹ 

♃▬ⱪз◖ꜝכ◕fi ─ ╩ ⌐ ⇔√⁹0.3 N ─♃▬ⱪз◖ꜝכ◕fi

│☻♩꜠♇♅fi◓ ≢ 55070 ± 10464 µm2 3 ≢ 59399 ± 9157 µm2 7

≢ 59576 ± 9869 µm2≢№∫√⁹3.0 N ─♃▬ⱪз◖ꜝכ◕fi │☻♩꜠♇♅fi◓

≢ 55378 ± 18085 µm2 3 ≢ 67904 ± 8570 µm2 7 ≢ 86134 ± 9755 µm2≢№∫

√⁹ ─ ⌐⅔™≡ 2 │ ⌐ ℮↓≤⅜ ╘╠╣√√╘ Unpaired 
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t - test ╩ ⇔√⁹∕─  7 ─♃▬ⱪз◖ꜝכ◕fi │ 0.3 N ⌐ ═≡ 3.0N

⅜ ⌐ ⅝⅛∫√⁹ 

⌐⅔↑╢♃▬ⱪй◖ꜝכ◕fi ─ ╩ ⌐ ⇔√⁹

♃▬ⱪй◖ꜝכ◕fi │ 3.0 N ─ 7 ⌐⅔™≡ ⇔≡™╢ ⅜ ╠╣√⁹ 

♃▬ⱪй◖ꜝכ◕fi ─ ╩ ⌐ ⇔√⁹0.3 N ─♃▬ⱪй◖ꜝכ◕fi

│☻♩꜠♇♅fi◓ ≢ 31349 ± 6739 µm2 3 ≢ 30246 ± 3691 µm2 7 ≢

29530 ± 5282 µm2≢№∫√⁹3.0 N ─♃▬ⱪй◖ꜝכ◕fi │☻♩꜠♇♅fi◓

≢ 30199 ± 8054 µm2 3 ≢ 30873 ± 2089 µm2 7 ≢ 35209 ± 2253 µm2≢№∫√⁹

─ ⌐⅔™≡ 2 │ ⌐ ℮↓≤⅜ ╘╠╣√√╘ Unpaired 

t - test ╩ ⇔√⁹∕─  7 ─♃▬ⱪй◖ꜝכ◕fi │ 0.3 N ⌐ ═≡ 3.0 

N ⅜ ⌐ ⅝⅛∫√⁹ 

 

4- 4  

ꜝ♇♩─ ⌐≈™≡ 

Tanaka et al. 47)│ ⌂ꜝ♇♩⅜ ∆╢─⌐ ∫≡ ⅜ ⇔≡™∫√↓≤╩

⇔≡™╢⁹ ⌐⅔™≡ꜝ♇♩─ │ ⌐ ⇔≡™⅝ 0.3 N ≤ 3.0 N ─

⌐ ⅜⌂⅛∫√⁹↓─↓≤⅛╠ 0.3 N ≤ 3.0 N │ ⌐ ⇔≡™∫√↓≤⅜ ≢

⅝╢⁹ 

─ ⌐≈™≡ 

⌐ ∆╢ 1 ─☻♩꜠♇♅fi◓ ─ ⌐≈™≡ ₁│ ≢ 0.3 N╟╡

╙ 3.0 N╩☻♩꜠♇♅fi◓⌐ ⅎ√ ⅜ ─ ⅜ ↓∫√↓≤╩ ⇔√⁹

─ ⌐⅔™≡ ☻♩꜠♇♅fi◓ ─ │ 0.3 N ╟╡╙ 3.0 N ─ ⅜
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─ ⅜ ↓∫√⁹↓─↓≤⅛╠ ☻♩꜠♇♅fi◓ │ 3.0 N ─ ⅜

─ ⅜ ↓∫≡⅔╡ ≤ ─ ⅜ ╠╣√⁹ 

⌐ ─ ⌐≈™≡╖╢≤ ─ ─ ⌐≈

™≡ ╠ 48)│ꜝ♇♩⌐ ∆╢ ≢ 20 ─ ╩ ∫√ ╩

⇔≡ ⅜ ∆╢ ╩ ⇔√≤↓╤ ⅜ ⇔≡™∫√

↓≤╩ ⇔≡™╢⁹ ⌐⅔™≡ 0.3 N │☻♩꜠♇♅fi◓ ⅛╠ 3 ⌐⅛↑≡

⅜ ⇔≡™√⅜ 3 ⅛╠ 7 ⌐⅛↑≡ ⅜⌂⅛∫√⁹ 3.0 N │

☻♩꜠♇♅fi◓ ⅛╠ 7 ╕≢ ⅜ ⇔≡™∫√⁹↓─↓≤⅛╠ ≤

─ ≢№╢ 3.0 N│ ─ ╩ ⇔≡™╢↓≤⅜╦⅛∫√⁹ 

⌐ ∆╢ 1 ─☻♩꜠♇♅fi◓ 3 ─ ⌐≈™≡ Lannin et al. 49)│☻

♩꜠♇♅fi◓╩ ∫≡ ⇔√ ⅜ ☻♩꜠♇♅fi◓⅛╠ 24 ⌐☻♩꜠♇♅

fi◓ ─ ⌐ ╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔ ⌐ ⇔≡☻♩꜠♇♅fi

◓╩ ∫√ 50,51)≢│ ⌐☻♩꜠♇♅fi◓╩ ∫√ ⌐ ⅜ ∆

╢↓≤╩ ⇔≡™╢⁹Lannin et al. 49)─ ⅛╠ ⌐☻♩꜠♇♅fi◓╩ ∫√

50,51)─ │ ⌂╙─≢№╡ ≢☻♩꜠♇♅fi◓ ─

⌐ ╢↓≤⅜ ⅎ╠╣╢⁹ ⌐⅔™≡ ꜝ♇♩ │☻♩꜠♇

♅fi◓ ≢ 3.0 N ─ ⅜ ⇔≡™√⅜ 3 ≢ 0.3 N ─ ⅜ ⇔≡™√⁹

↓─↓≤⅛╠ ⌐ ∆╢☻♩꜠♇♅fi◓│☻♩꜠♇♅fi◓ ─ ⌂ ≤

≢ ∆╢ ⌂ ⅜№╢↓≤⅜╦⅛∫√⁹ 

ⱥꜝⱷ ─ ⌐≈™≡ 

⌐ ∆╢ 1 ─☻♩꜠♇♅fi◓ ─ ⌐≈™≡ Palmer et al. 52)│ ⌂

╩ ⌐ ╡ ⇔≡☻♩꜠♇♅fi◓╩ ⅎ╢≤ ─ ⅜ ∆╢↓≤

╩ ⇔≡™╢⁹╕√ Tabary et al. 7)│ ╩ ↄ ∆╢√╘⌐╟╡ ⅝⌂ ⅜
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≢№╢↓≤╩ ⇔≡™╢⁹ ⌐⅔™≡ ⱥꜝⱷ ─ │☻♩꜠♇♅fi◓

≢ 0.3 N ╟╡╙ 3.0 N ─ ⅜ ⅝⅛∫√⁹↓─↓≤⅛╠ ☻♩꜠♇♅fi◓ ⌐⅔™

≡ 3.0 N │ 0.3 N ╟╡╙ ⅝™ ╩☻♩꜠♇♅fi◓⌐ ⅎ√↓≤⅜ ─

╩ ↕∑√≤ ⅎ╠╣╢⁹ 

⌐ ∆╢ 1 ─☻♩꜠♇♅fi◓ 3 ─ ⌐≈™≡ ⌐ ╩ ⅎ

╢≤ 48 72 ⌐ ⅜ ⇔ ╛ ⅜ ∆╢↓≤⅜ ↕╣≡™╢

45,53)⁹ ⌐⅔™≡ ☻♩꜠♇♅fi◓ 3 ─ⱥꜝⱷ │ 0.3 N ≤ 3.0 N ≤╙

⌐ ⇔ 3.0 N ─ ⅜ 0.3 N ╟╡╙∕─ ⅜ ⅝⅛∫√⁹☻♩꜠♇♅fi◓ 7 ─

ⱥꜝⱷ │ 0.3 N ⅜☻♩꜠♇♅fi◓ ⌐ ∫√─⌐ ⇔ 3.0 N ⅜☻♩꜠♇♅

fi◓ ╟╡╙ ⇔≡™√⁹↓─↓≤⅛╠ 3.0 N≢─☻♩꜠♇♅fi◓│ⱥꜝⱷ ─

⅜ ⅝ↄ ╩ ↕∑√≤ ⅎ╠╣╢⁹ 

ⱥꜝⱷ ─ ⌐≈™≡ 

⌐ ⅜ ↓∫√ ⅛╠ 3 ╩Ⱨכ◒⌐ ⅜ ↓╡ 4 ≢

⌐ ∂╢↓≤⅜ ↕╣≡™╢ 54,55)⁹ ≢│ 0.3 N ≤ 3.0 N ≤╙⌐☻♩꜠♇

♅fi◓╩ ⇔≡⅛╠ 3 ⌐ ⌐ ⅜ ⇔≡⅔╡ ☻♩꜠♇♅fi◓╩ ⇔≡

⅛╠ 7 ≢╙ 3.0 N ─ ─ ⅜ ⇔≡™√⁹↓─↓≤⅛╠ 3.0 N │☻♩꜠

♇♅fi◓ ⇔≡⅛╠ 4 ╙ ⅜ ↓∫≡⅔╠∏ ─ ⅜ ⅝⅛∫√↓≤

⅜ ⅎ╠╣╢⁹ 

⌐≈™≡ 

│ ⌂≥⌐╟∫≡ ⅎ╠╣╢ ⅜ ⌂ ─ ⌐╟╢ ⅜

↓╢ 56)⁹ ≢│ ☻♩꜠♇♅fi◓ 3 ≢ 0.3 N ⅜ 3.0 N ⌐ ═≡

─ ⅜ ↓∫≡™√⁹↓─↓≤⅛╠ 0.3 N ≢ ∫√☻♩꜠♇♅fi◓│ ─
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╩ ⇔ ─ ╩ ∆╢─⌐ ⌂ ⅜ ╦∫≡™√≤ ⅎ╠╣╢⁹ 

fi◕כꜝ◖ ⌐≈™≡ 

Jozsa et al. 57)│ ⌐ ⇔≡ ╛ ⌐ ∆╢ ╩ ⅎ√≤⅝

fi◕כꜝ◖─ ⅜ ∆╢↓≤╩ ⇔≡™╢⁹╕√ ♃▬ⱪз◖ꜝכ◕fi │

⌐ ⇔≡∕─ ⅜ ⇔≡™ↄ↓≤⅛╠ ≤ ⇔≡™╢≤ ⅎ╠

╣≡™╢ 58,59)⁹ ⌐⅔™≡ ☻♩꜠♇♅fi◓ │ 0.3 N N 3.0ה ─♃▬ⱪзהй

fi◕כꜝ◖ ⌐ │⌂⅛∫√⁹ 3 ≢ 3.0 N │ 0.3 N ⌐ ═≡♃▬ⱪз

fi◕כꜝ◖ ⅜ ⇔≡™√─⌐ ⅎ≡ ≤ⱥꜝⱷ ╙

⇔≡™√⁹↓─↓≤⅛╠ 3.0 N ≢☻♩꜠♇♅fi◓⌐ ™√ ≤ ─ │ⱥꜝⱷ ⌐

⅜ ╦╡ ⱥꜝⱷ ─♃▬ⱪз◖ꜝכ◕fi ⅜ ⇔√↓≤≢

⅜ ⇔√≤ ⅎ╠╣√⁹ 

 

≤ ─ │☻♩꜠♇♅fi◓ ⌐ ⱥꜝⱷה ─ ⅜

∆╢⅜ 3 ≢ⱥꜝⱷ ⌐ ─ ╛♃▬ⱪз◖ꜝכ◕fi ─ ⅜ ↓╡

ⱥꜝⱷה ─ ─ ⅜ ↓∫√⁹ ≢ ⌂ ╩ ≢

⅛∆↓≤─≢⅝╢ │ 3 ≢ⱥꜝⱷ ─ ⅜ ↓╡ ╛ⱥꜝ

ⱷ ⅜ ⇔≡™√⁹ 
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2- 5  

 ─ │ ⇔√ ⌐ ⇔≡ ⇔√ ≢☻♩꜠♇♅fi◓╩ ⅎ√

─ ™⅜⅔╟╓∆ ⌐≈™≡ ╩ ∫√⁹ꜝ♇♩╩ ≤⇔ 4 ─

╩ ∫√ ⌐ ⌂ ╩ ≢ ⅛∑╢ ≢☻♩꜠♇♅fi◓╩ ℮ 0.3 N

≤ ─ ≢☻♩꜠♇♅fi◓╩ ℮ 3.0 N ⌐ ↑√⁹∕⇔≡☻♩꜠♇♅fi◓

☻♩꜠♇♅fi◓ 3ה 7ה ⌐ ╩ ∫√⁹∕─ ☻♩꜠♇♅fi◓ │  

3.0  N ⅜ 0.3 N ╟╡╙ ⱥꜝⱷ ⅜ ⇔≡™√⁹⇔⅛⇔ 3

│ 0.3 N ⅜ 3.0 N ╟╡╙ ⱥꜝⱷ ⅜ ⇔≡™√⁹╕√

3.0 N │ 3 ⌐ ─♃▬ⱪз◖ꜝכ◕fi ⅜ ⇔≡⅔╡ ⱥꜝⱷ

╛ ⌐ ⇔√≤ ⅎ╠╣√⁹  
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±  

 

⌐⅔↑╢ ─  
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±  

 

☻♩꜠♇♅fi◓ 3ה 7ה ⌐⅔↑╢ ─  

  

Ẽ 0.3N  Ẽ 3.0N  
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±  

p<0.05 

 

☻♩꜠♇♅fi◓ 3ה 7ה ⌐⅔↑╢ ─  

  

 
  

Ẽ 0.3N  Ẽ 3.0N  
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±  

p<0.05 

 

☻♩꜠♇♅fi◓ 3ה 7ה ⌐⅔↑╢ ─ⱥꜝⱷ ─  

  

 

 

 

Ẽ 0.3N  Ẽ 3.0N  
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 ─ⱥꜝⱷ HE Bar100 µm 

☻♩꜠♇♅fi◓ A 0.3 N  B 3.0 N  3 C 0.3 N  D 3.0 N  

7 E 0.3 N  F 3.0 N  

  

A B 

C D 

E F 


