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 ⅜╪ Paclitaxel (PTX) │ ╣√ ╩ ∆╢╙──⁸ ⌂ ⌐ ⇔√

⌐ ⅎ⁸ ─√╘⌐ ™╠╣╢ ⌐╟∫≡ ↕╣╢ ⁸ ₁─ ╩

⅝ ↓∆↓≤⅜ ╠╣≡™╢⁹ ∫≡⁸PTX ╩ ™√ ⅛≈ ⌂⅜╪ ╩ ∆╢√╘⌐

│⁸PTX─ ⌂ ≤ ⌂ ─ ╩ ≤∆╢ PTX ╩ ∆╢

⅜№╢⁹∕↓≢ │⁸Polyethylene glycol (PEG) ╩ ⁸Poly(lactic-co-glycolic acid) (PLGA) ╩

⌐ ≈ ─Ⱪ꜡♇◒  (PLGA-PEG) ╩ ™≡⁸PTX ⱳꜞⱴכ♫ⱡ  (PLGA PN-

PTX) ╩ ⇔⁸∕─ ⁸ ⁸ ⁸ ┘ ≤™∫√ ╩

⇔√⁹∕─ ⁸ ⅜╪⸗♦ꜟⱴ►☻⌐ ⇔√ PLGA PN-PTX│⁸ ┼ ⇔√ ⁸

⌐⅔™≡ ╛⅛⌐ PTX╩ ∆╢↓≤⌐╟∫≡ ™ ╩ ∆╢↓≤⅜

↕╣⁸PLGA PN-PTX⅜ ⌂ PTX ≤⌂╡ ╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 ≢ ⁸ ─ ⅜ ⅜╪─ ⌐╟∫≡ ⅝ↄ ⌂╢↓≤⅜ ↕╣≡™╢⁹

⌐⁸ ⅜╪╛☻◐ꜟ☻ ⅜╪≤™∫√ ─ ⅜╪│⁸ ⅜ ⇔™↓≤⌐ ⅎ⁸ ─

⅜╪⌐ ═≡ ⌐ ≢⁸⅛≈ ⅜ ™ ╩ ≈√╘⁸♫ⱡ ─ ┼─ ⅜ ↓

╡⌐ↄↄ⁸ ⌂ ╩ ╢↓≤⅜ ≤⌂∫≡™╢⁹∕↓≢ │⁸ ⅜ ™ ⅜╪┼

─♫ⱡ ╩ ∆╢↓≤╩ ⌐⁸ ─ ≤ ┼─ ⅛╠ ╢⁸

─  (PVT) ⅜⁸∕─ ⌐ ⇔√♫ⱡ ─ ≤ ⌐ ╓∆ ╩

∆╢≤ ⌐⁸∕─ ╩ ∆╢↓≤╩ ╖√⁹∕─ ⁸ ⅜ ™ ⅜╪⸗♦ꜟⱴ►

☻⌐ ⇔≡ PVT╩ ∆≤⁸ ─ ╩ ∫√ ⅜ ⇔⁸ ⅜ ∆╢↓≤≢⁸

∕─ ⌐ ⇔√♫ⱡ ─ ⅜ ⇔√ ⁸ ⅜ ⌐ ↕╣╢↓≤

⅜ ╠⅛≤⌂∫√⁹ ⁸ ⅜ ™ ⅜╪⸗♦ꜟⱴ►☻⌐ PVT╩ ⇔√ ⁸ ─

─▪ⱳ♩⁸☻◦כ ┘ ⅜ ↕╣⁸ ─ ⅜ ⇔√ ⁸∕─ ⌐

⇔≡™√⅜╪ ─▪ⱳ♩כ◦☻╩ ⅝ ↓∆↓≤≤⌂╡⁸PVT ≢ ⅜ ↄ ↕╣╢↓≤

⅜ ╠⅛≤⌂∫√⁹↓╣╠─ ⅛╠⁸PVT ⅜⁸ ⅜ ™ ⅜╪┼─♫ⱡ ╩

⇔⁸∕─ ╩ ∆╢ ╩ ∆↓≤⌐ ⅎ⁸ ₁⌂ ⅜╪⌐ ⇔≡ ╩ ∆╢

╩ ∆⁸ ⌂ ≤⌂╡ ╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 ⁸ ≢ ╠╣√ │⁸ ⁸♫ⱡ ╩ ™√⅜╪ ─ ─ ⌂╢ ╩

∆ ≢⁸ ⌐⅔↑╢ ─ ╛ ─ ⌐ ⇔√♫ⱡ ─

≤™∫√⁸Ⱶ◒꜡⌂ ⅛╠─ ⅜ ╘≡ ≢№╢↓≤╩ ∆ ⌂ ≢№╢≤ ⅎ

≡™╢⁹ 
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  ─  

 

  

 

⅜╪⌐╟╢ │⁸2012 ≢│ ≢ 820 ≤⁸ ─ 12%⌐ ┘⁸2030 ⌐│

⌐ 1300 ─ ⅜ ╢≤ ↕╣≡™╢ 1)⁹ ⅜ ─ ╩ ╢ ─ ≈⌐⁸ ⌂

╩ ∫√ ⅜ ↕╣≡™⌂™↓≤⅜ →╠╣╢⁹ ─⅜╪ │⁸ ⁸ ⁸ ⅜

╪ ⌐╟╢ ╩ ⇔≡ ╦╣╢⅜ 2)⁸ ╙ ↕╣╢⁸ ⌐ ™╠╣╢ ⅜╪ │⁸

─╖≢⌂ↄ ─ ⌐╙ ⇔⁸ ⌂ ╩ ⅝ ↓∆ ⅜ ™√╘⌐⁸

⅜ ╠╣⁸ ⌂ ⅜ ╠╣⌂™ ⅜ ╠╣≡™╢ 3)⁹ ∫≡⁸ ⌐╟∫≡ ⅛≈ ™

╩ ╢√╘⌐│⁸ ⅜╪ ─ ┼─ ╩ ⅎ⁸ ┼─ ⌂ ╩ ∆╢≤

™℮⁸™╦╝╢⁸₈ ⅜╪ ─ ₉⅜ ≤⌂╢⁹ 

⅜╪ ─ ╩ ∆╢ ─ ≈⌐⁸Drug Delivery System (DDS)4,5) ─ ⅜ →╠

╣╢⁹DDS≤│⁸ ─ ╩ ה ה ⌐ ∆╢↓≤⌐╟╡₈ ─ ₉

╩ ∆╢↓≤╩ ⇔√ ⇔™ ─ ─ ≢№╢⁹DDS ⌐⅔↑╢ ─ ≤⇔≡│⁸i) 

Controlled release ( )6,7)⁸ii) 8,9)⁸iii) Targeting ( )10,11)─ ⌐ ↕╣╢⅜⁸

≢╙⁸ ─ ╩ ∆╢↓≤⌐╟∫≡ ─ ┼ ╩ ⌐ ╡ ╗↓≤╩

≤∆╢ Targeting│⁸ ⅜ ╘≡ ™ ⅜╪ ⌐⅔™≡⁸ ╙ ╩ ≢⅝╢ ≢№╢ 12)⁹ 

⁸ ⅜╪ ─ ┼─ Targeting╩ ∆╢√╘⁸♫ⱡ☻◔כꜟ─ ◐ꜗꜞ▪⌐

⅜╪ ╩ ∆╢⁸ ⅜╪ ─♫ⱡ ⌐ ∆╢ ⅜ ↄ ╦╣≡™╢⁹ ≢╙⁸Ⱪ꜡♇◒

⌐╟∫≡ ↕╣╢♫ⱡ ≢№╢ Ⱶ☿ꜟ 13,14)│⁸ ™╢Ⱪ꜡♇◒ ─ ╩

∆╢↓≤≢⁸ ╛ ≤™∫√ ─ ╛⁸ ─ ─ ⅜

≤⌂╢↓≤⅛╠⁸ ╪⌐ ⅜ ╘╠╣≡™╢⁹ ⁸Paclitaxel Ⱶ☿ꜟ ≢№╢ Genexol 

PM® 15,16)⅜ ≢ ↕╣≡™╢↓≤⌐ ⅎ⁸Paclitaxel Ⱶ☿ꜟ  (NK105)17,18)╛Doxorubicin

Ⱶ☿ꜟ  (NK911)19)⁸Prostate-specific membrane antigen⌐ ∆╢▪ⱪ♃ⱴכ╩ ⇔√

Docetaxel Ⱶ☿ꜟ  (BIND-014)20)≤™∫√ ─ ─ ⅜ ↕╣╢ ⁸Ⱪ꜡♇◒

╩ ™√♫ⱡ │⁸ ⅜╪ ─ ╩ ≤∆╢⁸ ⌂ ─ ≈≢№

╢⁹ 

 ↓─╟℮⌂ ⌐ ≠™≡ │⁸ ─Ⱪ꜡♇◒ ╩ ™≡⁸ ⅜╪ Paclitaxel─

╩ ⌐ ⌂ ♫ⱡ ─ ╩ ╖╢≤ ⌐⁸∕─ ⁸

⁸ ⁸ ┘ ≤™∫√ ╩ ∆╢↓≤≤⇔√⁹╕√⁸ ─

│ ⅜╪─ ⌐╟∫≡ ⅝ↄ ⌂╡⁸ ⅜ ↄ⁸♫ⱡ ─ ┼─ ⅜ ↓╡⌐

ↄ™⅜╪ ⅜ ∆╢↓≤⅜ ╠╣≡™╢ 21)⁹∕↓≢ │⁸ ⅜ ™ ⅜╪┼─♫ⱡ

╩ ∆╢↓≤╩ ⌐⁸ ⅜╪⸗♦ꜟⱴ►☻⌐ ⇔≡ ─ ╩ ⇔⁸ ⅜⁸∕

─ ⌐ ⇔√♫ⱡ ─ ⁸ ┘⌐ ⌐ ╓∆ ╩ ⌐ ∆╢≤

⌐⁸∕─ ─ ╩ ╖√⁹ 

 ⁸ ⌐ ╡ ╠╣√ ╩ ∆╢⁹ 
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INTRODUCTION  

 

 ⅛≈ ⌂⅜╪ ╩ ∆╢ ─ ≈⌐⁸ ⅜╪ ─ ╩ ⌐ ⇔⁸

⅜╪ ╩ ⌐ ∆╢≤™℮⁸ ⅜╪ ─  (Targeting) ⅜ →╠╣╢ 10-12)⁹ ⅜

╪ ─ ⌐ ∆╢ │ 50 ⌐ ∫≡ ↑╠╣⁸↓╣╕≢⌐ ₁⌂ ⅜ ╠╣≡™╢⁹

≢│⁸ ⅜ ≢ ╡ ╪∞ ╩ ∆╢ ⌐ ≤⌂╢ ⌐ ∆╢ ⌂

╩ ⇔√⁹ 

 

1. ┼─  

 

┼─ Targeting│⁸ ⌐ ∆╢ ─ ⌂ ╩ ⇔√ Passive targeting22)≤⁸

⌐ ↄ ∆╢ ⌐ ∆╢ ⌂ ╩ ⇔√ Active targeting23)⌐ ↑╠╣╢⁹ 

 

 1.1-Passive targeting 

 

 ↕╣√ │⁸ ─  ( 5 ɛm) ╟╡╙ ↕™ ≢№╣┌ ╩ ∆╢↓≤

⌂ↄ ╩ ≢№╢⅜ 24)⁸ ⅜ ⅛╠ ┼≤ ∆╢√╘⌐│⁸ ╩

∆╢ ⌐ ∆╢ 1 nm ─ ⅛⁸ ╩ ∆╢ ⅜№╢ 24)⁹ ∫≡⁸

┼≤ ⌂ │⁸ ≢№╢⅛ ⅜ ™ ─╖≤⌂╢⁹ ≢⁸ ⅜╪

⌐│⁸ ⅜ ⌐ ↕╣√ ⅜ ↄ ∆╢√╘⌐⁸ ╩ ∆╢ ─

⅜ ⌐ ⅝ↄ (200~1200 nm) 25)⁸ ⅝™ ≢№∫≡╙ ⌐ ∆╢↓≤⅜ ╠╣≡™╢

26,27)⁹╕√⁸ ─ ⌐ ⇔≡⁸ ─ ╩ ╢ꜞfiⱤ ─ ⅜ ™ ™≡™⌂™√╘⌐⁸

┼ ⇔√ │ ⌐ ∆╢↓≤⅜ ↕╣≡™╢ 28,29)⁹↓╣╠─ │⁸

1986 ⌐Matsumura╠⌐╟╡ ↕╣⁸EPR (Enhanced permeability and retention) ≤⇔≡ ↄ ╠╣

≡™╢ 30,31) (Fig. 1)⁹Passive targeting│⁸↓─╟℮⌂⁸ ≤ ⌐ ∆╢ ─ ⌂

™⌐ ≠⅝⁸ ⌐ ∆╢ │ ≢⅝⌂™⅜⁸ ⌐ ∆╢ ─

│ ⌂⁸♫ⱡ☻◔כꜟ─ ◐ꜗꜞ▪ (♫ⱡ ) ⌐ ⅜╪ ╩ ∆╢↓≤≢⁸ ⅜╪ ─

⌂ ╩ ∆╢ ≢№╢⁹ 

Fig. 1 Schematic Representation of EPR Effect 
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 1.2-Active targeting 

 

 ⌐ ═≡ ⌐ ↄ ⇔≡™╢⁸╕√│ ─╖≢ ⇔≡™╢ ⌐ ⇔≡

⅜ ™ ╩♫ⱡ ⌐ ↕∑╢↓≤≢⁸ ┼─ Targeting ╩ ╘╢ ⅜ Active 

targeting≢№╢ 23)⁹ ⌐│⁸⅜╪ ⌐ ⇔≡™╢  ( 32)⁸CD44 (Cluster 

of differentiation 44)33)⁸Ŭvɓ▬fi♥◓ꜞfi 34)⁸Transferrin 35)⁸Epidermal growth factor  (EGFR)36)⁸

Vascular endothelial growth factor  (VEGFR)37)) ╛ ♃fiⱤ◒ 38)⁸Matrix metalloprotease (MMP)39)

╩ ≤⇔⁸∕╣╠⌐ ⇔≡ ⌐ ∆╢ ♃fiⱤ◒  ( 32)⁸Hyaluronic acid33)⁸RGDⱭ

ⱪ♅♪ 34)⁸Transferrin35)⁸EGF36)⁸VEGF40)⁸꜠◒♅fi 38)) ╛ 41)⁸○ꜞ◗♯◒꜠○♅♪ 42)╩♫ⱡ

⌐ ⌐ ∆╢↓≤≢ ┼ ⌐ ∆╢↓≤⅜ ≤⌂╢⁹ 

 ┼─ Targeting │⁸♫ⱡ ⌐ ⇔√ ─ ┼─ ⌐ ⅎ⁸ ≈

√╡⌐ ⌂ ─ ╙ ⅝ↄ ╩ ╓∆ 43)⁹╕√⁸ │ꜞfiⱤ ─ ⅜

≢ ⅜ ™√╘ 44)⁸♫ⱡ ─ ┼─ │⁸ ⅛╠ ┼ ╣ ╢─≢│⌂ↄ⁸

⅛╠ ┼≤ ∆╢↓≤≢ ∂╢ 45)⁹∕─√╘⁸ ┼≤ ⇔√♫ⱡ ⅜⁸ ⅛╠ ┼

≤ ┘ ↕╣╢↓≤╙№╡ ╢ 45)⁹⇔⅛⇔ Active targeting ╩ ⇔√♫ⱡ ─ ⁸ ┼

⇔√ ⁸ ─ ≤ ⇔≡ ⌐ ╕╢↓≤⅜≢⅝╢√╘⁸ ⌐⅔↑╢

⅜ ↕╣⁸ ─ ⌐╙ ⅜╢↓≤⅜ ╠╣≡™╢ 23)⁹ ⌐⁸P-gp (P-glycoprotein) ─

⌐╟∫≡⁸⅜╪ ⅜ ⇔√ ⌐⅔™≡╙⁸Active targeting ╩ ⇔√ │⁸⅜╪ ⌐

↕╣╢↓≤⅜ ↕╣≡™╢ 46)⁹ 

 

 1.3- ─  

 

 │ ⅜ ┼ ∆╢ ─ ⌂ ≢№╢√╘⁸ ⅜╪ ╩ ⇔√♫ⱡ

─ ╩ ↄ ≈↓≤│⁸ ┼─ Targeting╩ ∆╢ ≢ ≢№╢ 47)⁹ ⌐⁸  

(  (Reticuloendothelial system, RES)) ─ ≢№╢ ╛ │⁸ ─ ⅜ ⅝™

╩ ∆╢√╘⌐⁸♫ⱡ ⅜ ╡ ╕╣╛∆™ ≢№╡⁸∕─ ⅜ ∆╢ ⌂ ≤

⌂∫≡™╢ 48,49)⁹ 

 ⌐ ∆╢ ≤ ┌╣╢ ⌐│⁸100~150 nm─ ⅜ ⇔≡⅔╡⁸50 nm╟╡╙ ↕

™ ─ ⁸ ─ ⌐ ∆╢♦▫♇☿ ┼≤ ⌐ ⇔≡ ⌐ ╡ ╕╣╢↓≤⅜

↕╣≡™╢ 50)⁹ ⅎ≡⁸ ⌐│◒♇Ɽכ ≤ ┌╣╢⁸ ™ ╩ ∆╢ ⱴ◒꜡

ⱨ□כ☺⅜ ⇔⁸ ╩ ∆╢ ⌐ ∆╢♃fiⱤ◒ ⁸ ⌐ ⅎ⁸ ╛♫ⱡ ╩

╡ ╗↓≤⅜ ╠╣≡™╢ 51,52)⁹ ∫≡⁸ ┼─ ╡ ╖╩ ∆╢√╘⌐│⁸50 nm ─ ╩

∟≈≈⁸ⱴ◒꜡ⱨ□כ☺⌐╟╢ ╩ ↑⌐ↄ™♫ⱡ ╩ ∆╢ ⅜№╢≤ ⅎ╠╣≡™╢⁹ 

 ⌐│⁸ ╩ ⇔√ ≤ ┌╣╢ ⅜ ∆╢ 53)⁹ ≢│⁸ ⅛╠ ╣ ╪∞

⅜⁸ ╩ ⇔√ ⁸ ≤ ┌╣╢ ╩ ∆╢ ⌐ ⇔⁸∕─ ⁸ ⌐

╕∫≡⁸ ⌐ ╩ ∫≡ ╣ ≡™ↄ⅜ 53)⁸ ⅛╠ ⌐ ⅜ ╣╢ ⁸ ╩ ∆╢

⌐ ∆╢ ╩ ∆╢ ⅜№╢√╘⁸400 nm ─ │ ≢⅝∏⁸ ⌐

∆╢ⱴ◒꜡ⱨ□כ☺⌐╟∫≡ ↕╣╢↓≤⅜ ╠╣≡™╢ 51)⁹ ∫≡⁸ ⌐╟╢ ╡ ╖╩

∆╢√╘⌐│⁸400 nm╟╡ ↕™♫ⱡ ╩ ™╢ ⅜№╢⁹ 
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 ⌐╙⁸ ╛ꜞfiⱤ ─ꜞfiⱤ │⁸ ≤ ∂ↄ RES ⌐ ╕╣⁸♫ⱡ ⅜ ⇔ ™↓

≤ 54)╛⁸ ─ ≢│ ⅜ 5 nm╩ ╢ ⅜ ↕╣╢↓≤ 55) ⁸ ⌐ ∂≡♫ⱡ ⅜

⅛╠ ┼≤ ⇔≡™ↄ↓≤⅜ ╠╣≡™╢⁹ ─↓≤⅛╠⁸ ⌐

⌂♫ⱡ ╩ ∆╢√╘⌐│⁸∕─ ╩ 50~400 nm⌐ ∆╢↓≤⅜ ≢№╢≤

↕╣╢⁹ 

 ╕√⁸♫ⱡ ⌐ ─○ⱪ♁♬fi⅜  (○ⱪ♁♬fi ) ∆╢≤⁸RES ⌐ ∆╢

 (Mononuclear phagocyte system, MPS) ⌐╟╡ ≤⇔≡ ↕╣╛∆ↄ⌂╡⁸ ╛ ─

─ ⌐ ∆╢ ⱴ◒꜡ⱨ□⁸☺כ ⌐◒♇Ɽכ ⌐╟╡ ╛⅛⌐

↕╣╢ 51,52)⁹╕√⁸ ⌐ ╩ ∆╢♫ⱡ ╙⁸ ╛ ─ⱴ◒꜡ⱨ□כ☺⌐ ∆╢☻◌ⱬfi

⌐כ♃ⱪ☿꜠כꜗ☺ ⌐ ∆╢√╘⁸ ↕╣╛∆™↓≤⅜ ╠╣≡™╢ 56)⁹○ⱪ♁♬fi ⌐╟

╢ RES ┼─♫ⱡ ─ ╩ ∆╢⌐│⁸♫ⱡ ╩ Polyethylene glycol (PEG) ─

ⱳꜞⱴכ⌐╟∫≡ ∆╢ ⅜ ≤↕╣≡⅔╡⁸PEG⌐╟╡ ↕╣╢♫ⱡ ─ ≤

PEG ⌐╟╢ ⅜⁸ ┼─○ⱪ♁♬fi ╩ ⇔⁸♫ⱡ ─ ╩╙√

╠∆↓≤⅜ ↕╣≡™╢ 57,58)⁹ 

 

2. ╩ ⌂  

 

 1960 ⌐ ↕╣√ Doxorubicin (DOX) ꜞⱳ♁כⱶ ╩ ⌐ 59)⁸ ⅜╪ ⌐ ┼─

Targeting ╩ ∆╢⁸ ⅜╪ ─♫ⱡ ⌐ ∆╢ ⅜ ⌐ ╘╠╣⁸2015 3 ≢⁸

≢│ 8≈─♫ⱡ ⅜ ↕╣╢⌐ ∫≡™╢ 2)⁹╕√⁸♫ⱡ ⌐ ∆╢ ⌐⁸

╩ ⇔√ ⌐ ⅜╪ ╩ ↕∑⁸ ╩ ↕∑╢ ╙ ∆╢⁹ 

 

 2.1-ꜞⱳ♁כⱶ 

 

 1961 ⌐ Bangham╠⌐╟╡ ↕╣√ꜞⱳ♁כⱶ (Liposome)60)│⁸ ╩ ∆╢ꜞfi ⅛

╠⌂╢ ─ 59)≢⁸ │ ⌐⁸ │ ⌐ ≢№╢ (Fig. 

2)⁹ ≢│ 1995 ⁸ ≢│ 2007 ⌐⁸◄▬☼ ◌ⱳ☺ ⌐ ⇔≡ DOX PEGꜞⱳ♁כⱶ

Doxil® (Xyotax®) ⅜ ↕╣ 61)⁸∕─ ⁸ ≢│ ⌐⁸DOX ꜞⱳ♁כⱶ Myocet® 62)╛⁸DOX

PEGꜞⱳ♁כⱶ Caelyx® 63)⁸Daunorubicin PEGꜞⱳ♁כⱶ DaunoXome® 64)≤™∫√ 3

⅜ ↕╣≡™╢ (2015 3 )2)⁹ 

Fig. 2 Schematic Illustration of Liposome (A) and PEGylated Liposome (B) 
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 ꜞⱳ♁כⱶ─ │ ⇔ ⇔ ╛ⱨ꜠fi♅ⱪ꜠☻ ⁸ ⁸ ₁№╢⅜⁸Bangham╠

⌐╟╡ ↕╣√ Bangham (Hydration) 59)⅜ ╙ ≢№╢⁹ │⁸ ╩ ↕∑√

≡∫╟⌐כ♃כ꜠Ᵽⱳ◄כꜞ♃כ꜡╩ ≢ ↄ ⇔≡ ╩ ⇔√ ⁸ ⌐

╩ ⅎ⁸ ™√ ─ ⌐ ⇔√ ≢Ⱳꜟ♥♇◒☻Ⱶ◐◘כ╩ ™≡ ה ↕

∑╢↓≤≢ ꜞⱳ♁כⱶ (Multi -lamellar vehicle, MLV) ╩ ╢ ≢№╢ 65)⁹∕─ ꜛ◦כ◔♬♁⁸

fi fiꜛ☺כꜟ♩☻◒◄╛ ╩ ∆╢↓≤≢ ꜞⱳ♁כⱶ (Small uni-lamellar vehicle, SUV) ╩ ╢

↓≤⅜≢⅝╢⁹╕√⁸ │ ╛ ≢⁸ │ⱷ◌ⱡ◔Ⱶ◌ꜟ ╛

⁸ⱨ▫ꜟⱶ꜡כ♦▫fi◓ ≢⁸ │ pH  (Remote loading) ≢ ∆╢─⅜

⇔≡™╢ 65)⁹ 

 ꜞⱳ♁כⱶ╩ ⌂ꜞfi │ ∆╢⅜⁸2≈─ ≤ 1≈─ꜞfi ╩ ∫√ Choline

⅜ Glycerol⌐ ⇔√⁸Phosphatidylcholine (PC) ⅜ ╙ ↕╣╢ 65)⁹∕─ ≤⇔≡│⁸ ╙

⌂ꜞfi ≢№╢↓≤⁸ ⌐ ⌂ ╩ ⇔╛∆™↓≤⅜ →╠╣╢⁹╕√⁸ ─ ™

⅜ ⇔√ PC╩ ™≡ ⇔√ꜞⱳ♁כⱶ│⁸ ⅜ ≤⌂╡ ⅜ ╕╢≤

⌐⁸ ⌐ ⅜ ⇔⌐ↄↄ⌂╡ ─ ⅜ ╕╢↓≤⅜ ╠╣≡™╢ 66)⁹PC ⁸Cholesterol

╙ꜞⱳ♁כⱶ ≤⇔≡ ↕╣⁸ ╩ ™≡ ⇔√ ⌐ ∆╢≤ ╩

↕∑ (Condensing )⁸ ⅛╠⌂╢◕ꜟ ─ ⌐ ∆╢≤ ╩ ↕∑╢ (Fluidizing

) ≤™∫√⁸ ⌐ ⌂ ╩ ∆╢ ⅜ ╠╣≡™╢ 67)⁹ 

 ꜞⱳ♁כⱶ─RES ┼─ ╩ ∆╢ ≤⇔≡│⁸ ⁸ꜞ ⱳ♁כⱶ ╩●fi◓ꜞ○◦♪GM1

╛ ◦▪ꜟ ≢ ∆╢ ⅜ ╖╠╣√⅜ 68)⁸∕─ ⁸PEG≢ ∆╢ ⅜ ╙ ≢№

╢↓≤⅜ ╠⅛≤↕╣√ 65)⁹╕√⁸ꜞⱳ♁כⱶ ⌐⁸ 69)╛ Hyaluronic acid70)─ ⁸ ₁─♃fiⱤ◒

34,38,40)╩ ↕∑╢↓≤≢⁸Active targeting ╩ ⇔√ꜞⱳ♁כⱶ╙ ≢№╢⁹↓─╟℮⌐ꜞⱳ

ⱶ│⁸♫ⱡכ♁ ─ ≢ ╙ ↄ─ ⅜⌂↕╣≡⅔╡⁸ ₁⌂ ⅜ ⌐№╢ 71)⁹ 

 

 2.2- Ⱶ☿ꜟ 

 

 Ⱶ☿ꜟ (Polymeric micelle) │⁸PEG╛ Polyoxy ethylene (POE) ─ ⱳꜞⱴ⁸≥כ ╛◓

ꜟכ◖ꜞ ⁸▪Ⱶⱡ ⅜ ⇔√ ≤╩ ↕∑√⁸ ─ⱳꜞⱴכ╩ ™≡ ↕╣╢⁸

─ ◖▪╩ ─◦▼ꜟ⅜ ∫√ ╩⇔√♫ⱡ ≢№╢ 13,14) (Fig. 3)⁹1980 ⌐

Kataoka╠⅜ ⇔√↓≤╩ ⌐ ↄ─ ⅜ ╦╣⁸ ≢│⁸Polylactic acid (PLA) ≤ PEG⅛╠

╢Ⱪ꜡♇◒ ╩ ™≡ ⇔√ Ⱶ☿ꜟ⌐ Paclitaxel (PTX) ╩ ⇔√ Genexol-PM® 15,16)⅜⁸

▪ⱷꜞ◌≤ ⌐≡ ↕╣≡™╢⁹ 

Fig. 3 Schematic Illustration of Polymeric Micelle 

 

 Ⱶ☿ꜟ─ ≤⇔≡│⁸Ⱪ꜡♇◒ ≤ ╩ ⌐ ⅎ√ ⁸ ≢ ∆╢

Direct dissolution 72)─ ⁸ ⌐ ⌂ ⌐ⱳꜞⱴכ≤ ╩ ↕∑√ ⁸ ─
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╩ ™≡ ╩ ™⁸ ╩ ₁⌐ ∆╢↓≤≢Ⱶ☿ꜟ╩ ↕∑╢ Dialysis 73)⁸ ≤ⱳ

ꜞⱴכ╩ ↕∑√ ╩◄Ᵽⱳ꜠כ♃כ⌐╟∫≡ ⇔√ ⁸ ⇔√ ≢ ⇔⁸Ⱶ☿ꜟ

╩ ↕∑╢ Solution-casting (Film rehydration) 74)⅜ ╠╣≡™╢⁹╕√⁸ ≤ ↑ ╦⌂™

⌐ⱳꜞⱴכ≤ ╩ ↕∑√ ⁸ ≤ ⇔⁸ ⌐╟∫≡◄ⱴꜟ◦ꜛfi╩ ↕∑≡⅛

╠ ╩ ∆╢ Emulsion (Nanoemulsification) 75)╛⁸ⱳꜞⱴכ≤ ╩ ↕∑√ ╩

⌐ ⅎ ⇔√ ⁸ ╩ ∆╢ Nanoprecipitation (Interfacial deposition) 76)╙ ⇔⁸

─ ⌐│⁸ ⅜ ⌂ ╩ ⅎ ∆╢ Solvent diffusion (Solvent 

extraction) 77)╛⁸◄Ᵽⱳ꜠כ◦ꜛfi⌐╟∫≡ ↕∑╢ Solvent evaporation 78)⅜ ↕╣╢⁹ 

 Ⱶ☿ꜟ│⁸ ⅜ ─ⱳꜞⱴכ⌐ ╦╣○ⱪ♁♬fi ╩ ↑⌐ↄ™√╘⁸Passive 

targeting⌐ ⇔√ ≢№╢ 13)⁸ ⌐ ™╢Ⱪ꜡♇◒ ─ ⅜ ≢№╢↓≤⅛╠⁸

Active targeting⌐╙ ⇔≡™╢ 79)⁹↓─╟℮⌂ ⅛╠⁸Polyaspartate (pAsp)-PEG⅛╠ ╢ Ⱶ☿ꜟ

⌐ PTX╩ ⇔√ NK10517,18)╛⁸Poly(lactic-co-glicolic acid) (PLGA)-PEG⅛╠ ╢ Ⱶ☿ꜟ─ ⌐

PSMA (Prostate-specific membrane antigen) ⌐ ∆╢▪ⱪ♃ⱴכ╩ ⇔√ Docetaxel BIND-

01420) ⁸ ↄ─ ⅜ ⌐ ╪≢™╢⁹ 

 

 2.3-◄ⱴꜟ◦ꜛfi 

 

 ◄ⱴꜟ◦ꜛfi (Emulsion) │⁸ ≤ ╩ ⇔ ∆╢↓≤≢ ∂╢ ⌐⁸ ⅜ ∆╢↓

≤≢ ⇔√ 24)≢⁸ ⌐ ⅜ ⇔√ W/O (Water in oil) ◄ⱴꜟ◦ꜛfi≤⁸ ⌐ ⅜ ⇔√

O/W (Oil in water) ◄ⱴꜟ◦ꜛfi (Fig. 4) ⌐ ⅎ⁸W/O/W ╛ O/W/O ≤™∫√ ◄ⱴꜟ◦ꜛfi⅜

∆╢ 24)⁹ ⅜ ⇔⌂™ ≢│ ⌐ ≢№╢√╘⁸ ⌂◄ⱴꜟ◦ꜛfi╩ ∆╢⌐

│⁸ ™╢ ─ ≤ ⅜ ≤⌂╢ 80)⁹╕√ ⌐ ™╢ ┘ ─ ≤ ⁸

 ( ─ ⁸ ⁸ ) ⌐╙ ╩ ↑╢↓≤⅜ ╠╣≡™╢ 80)⁹ ─

√╡⌐ ∆╢ ⅜ ╘╢ ⅜ ↄ⁸ ╩ ≢ ≢№╢≤™℮ ╩ ⇔≡™╢ 81)⁹

≢│◄ⱴꜟ◦ꜛfi ↕╣√ ⅜╪ │ ↕╣≡™⌂™╙──⁸ ─ ─

≢№╢ Triglyceride╩⁸꜠◦♅fi (Egg yolk PC, EPC) ≢ ⇔√⁸ 200 nm ─ O/W ◄

ⱴꜟ◦ꜛfi ≢№╢⁸ꜞ Ⱨ♇♪ⱴ▬◒꜡☻ⱨ▼▪ (ꜞⱧ♇♪◄ⱴꜟ◦ꜛfi) ⌐ ∆╢ ⅜ ╘╠╣≡

™╢ 82)⁹ 

Fig. 4 Schematic Illustration of O/W Emulsion (A) and PEGylated O/W Emulsion (B) 

 

 ⱶכ♁○♬-2.4 

 

ⱶ (Niosome) │⁸כ♁○♬  ▬○fi ≤ Cholesterol╩ ⌂ ≤⇔√ ⌐╟╡

╦╣√ ╩ ∆╢ ─ ≢⁸ꜞⱳ♁כⱶ≤ ⇔√ ╩≤╢ 83)⁹ꜞⱳ♁כⱶ╩ ∆╢
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⌐ ™╢ ─ꜞfi ⅜ ≢№╢─⌐ ⌐ⱶכ♁○♬⁸≡⇔ ™╢ ▬○fi │

≢ ╙ ≢№╢√╘⁸ ₁⌂ ╩ ⇔√ ╩ ≢№╢ 83)⁹ꜞⱳ♁כⱶ≤

─ ╩ ∆╢↓≤⅛╠⁸∕─ ⅜ ↕╣≡™╢⅜⁸ ╩ⱶכ♁○♬⁸ ≤∆╢ ▬○fi

⅜ ∆═⅝ ─ ≤™∫√⁸ ⌂ ⅜ ╘╠╣≡™╢ ≢№╢ 84)⁹ 

 

 2.5-  

 

 ⅜╪ ⌐ Targeting ╩ ∆╢ ≤⇔≡│⁸♫ⱡ ⌐ ∆╢ ⌐⁸ ╩ ─ Targeting

─ ™ ⌐ ↕∑⁸  (Drug conjugate) ╩ ∆╢ ⅜№╢⁹ 

 ┼─ Passive targeting╩ ≤∆╢ ≤⇔≡│⁸Polyglutamic acid85)╛ PEG14)⁸Polysaccharide 

(Dextran) 86)≤™∫√ ─ ™ ⌐ ⅜╪ ╩ ↕∑╢⁸  (Polymer 

conjugate) ⅜ →╠╣╢⁹Styrene-maleic acid (SMA) copolymer⌐⁸ ⅜╪ Neocarzinostatin (NCS) ╩

↕∑√⁸SMANCS® 87)⅜⁸ ⌐⅔™≡ 1993 ⅛╠ 2013 3 ╕≢ ≢ ↕╣≡™√─⌐ ⅎ⁸

PEG⌐ Asparaginase╩ ↕∑√ Oncaspar®⅜▪ⱷꜞ◌≢ ╩ ↑≡™╢⁹ 

 Active targeting ╩ ⇔√ ≤⇔≡│⁸ ⌐ ⅜ ⌐ ∆╢↓≤╩ ⇔≡⁸

Vinblastine╕√│ Tubulysin⌐ ╩ ↕∑√  (Vintafolide88)╕√│ EC145689)) ≢№╢ Ligand

╛⁸ ─ ⌐ ↄ ∆╢ LDL (Low-density lipoprotein) ─  (LDL related 

peptide, LRP) ⌐ ⇔≡ ™ ╩ ∆Ɑⱪ♅♪≢№╢ Angiopep-2 ≤ PTX ╩ ⇔√Ɑⱪ♅♪

90) ⁸ ─ ⅜ ⌐ ╪≢™╢⁹ 

 ╕√ ⁸ ⌐ ⅜╪ ╩ ⇔√  (Antibody-drug conjugate, ADC) ─ ⅜ ╪⌐

╦╣≡⅔╡⁸Mylotarg® 91)⁸Zevalin® yttrium92)⁸Adcetris® 93)⁸Kadcyla® 94)≤™∫√ 4≈─ ⅜ ↕╣

╢⌐ ∫≡™╢⁹ ─ ⁸ ⅜ ™↓≤⅛╠⁸Passive targeting⌐ ≠™√

┼─ ⌂ ⅜ ≢№╢ 95)⁹ADC≢│⁸ ─ ≈ ╩ ╦⌂™√╘⌐ ≈

√╡⌐ ⌂ ⅜╪ ⅜ 6~8 ⌐ ↕╣╢↓≤⅛╠⁸ ─ ⅜╪ ╟╡╙ ™ ╩ ⇔

√ ⅜ ™╠╣╢ 96)⁹╕√⁸ ≤ │ꜞfi◌כ╩ ⇔≡ ↕╣╢√╘⁸ ⌐ ╩

≤∆╢ꜞfi◌כ ⅜ ≤⌂╢ 97)⁹ 

 

 2.6-♦fi♪ꜞⱴכ 

 

 ♦fi♪ꜞⱴכ (Dendrimer) │⁸ ≤⌂╢  (Core) ╩ ⌐⁸ ╩ ⇔√  (Dendron) ⅜

⇔ↄ ⇔√ ─ ≢⁸ ⅜ ↄ⌂╢⌐ ╣≡ ─ ╩≤╢ 98) (Fig. 5)⁹♦fi♪ꜞⱴכ

│⁸1984 ⌐ Tomalia╠⌐╟╡ ↕╣ 99)⁸ ─ ╩ ≈↓≤⁸ ⅜ ™↓≤⁸ ─

╩ ∆╢∞↑≢ ⅜ ⅝ↄ ╦╢↓≤≤™∫√⁸ ─ⱳꜞⱴכ≤│ ⌂╢ ╩ ∆╢↓

≤⅜ ↕╣≡™╢ 100)⁹ │⁸Core (0G) ⌐ ⇔√ Dendron─ ⌐ ∂≡  (1G) ⁸

 (2G) ≤ ┌╣⁸5G≢ 10 nm ─ ╩ ∆╢╟℮⌐⌂╢↓≤⅜ ╠╣≡™╢ 101)⁹ ◐ꜗꜞ

▪≤⇔≡│⁸♦fi♪ꜞⱴכ─ ⌐ ╩ ∆╢ ⌐⁸Core ⅜ ≢ ⅜ ⌂ ╩⇔

≡™╢↓≤╩ ⇔≡⁸ ⌐ ╩ ⇔≡ ∆╢↓≤╙ ≢№╢ 102)⁹ ─ ™ ♫

ⱡ ◐ꜗꜞ▪─ ≈≤ ⅎ╠╣≡™╢╙──⁸ ⅜ ↄ⌂╢⌐ ╣≡ ─ ≤ ⅜ ∆

╢ ─ ╙ →╠╣⁸ ╙ ╘√ ₁⌂ ⅜ ╘╠╣≡™╢ ≢№╢ 103)⁹ 
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Fig. 5 Schematic Illustration of Dendrimers 

 

 2.7- ◖꜡▬♪  

 

 ◖꜡▬♪  (Colloidal gold) │⁸ ⌐ ∆╢ ♫ⱡ ╩ ∆╢↓≤≢ ╠╣╢ 1~150 nm─

♫ⱡ ≢⁸1857 ⌐ Faraday⌐╟∫≡ ╘≡ ⌐ ↕╣√ 104)⁹◒◄fi ╩ ™≡ ∆╢↓≤

≢⁸ ╠╣╢ ◖꜡▬♪ ─ ╩ ≢№╢↓≤⅜ 1973 ⌐ ╠⅛≤⌂╡ 105)⁸∕─ ™

≤ ™ ⅛╠⁸ ╛ ─ ≤⇔≡ ╪⌐ ⅜ ╦╣╢╟℮⌐⌂∫√ 106)⁹ ⁸PEG

⇔√ ◖꜡▬♪ ⌐ TNF (Tumor necrosis factor) ╩ ⇔√ 107,108)⅜ ⌐№╢⁹ 

 

3. ┼─♫ⱡ ─  

 

 ⅜╪ ⌐ Targeting ╩ ∆╢↓≤≢⁸Taxol® 109)╛ Adriacin® 110)≤™∫√ ╟╡╙ ™

╩ ╢↓≤⌐ ⇔≡™╢ 17,18,61)⁹ ⁸ ⅜╪ │⁸i) ꜞfiⱤ ─ ⅜ ≢№╢√╘

⌐ ⅜ ™↓≤ 111)⁸ii)  ─ ⅜ ≢⁸ ╩ ╦⌂™ ╙№╢↓≤ 112)⁸iii)  

─ ה ⅜ ⇔™⅜╪ ⅜ ∆╢↓≤ 113)⁸≤™∫√⁸ ┼─ ⅜╪

╩ ↕∑╢ ─ ╩ ∆╢↓≤⅜ ╠╣≡™╢⁹∕─√╘⁸ ⁸ ─

╩⁸ ⌐ ⅜╪ ⅜ ⇔ ™ ┼≤ ∆╢↓≤╩ ╖√ ⅜ ↄ ╦╣≡™╢ 114)⁹ 

 

 3.1- ─  

 

 ≢│⁸⅜╪ ⅜ ╪⌐ ∆╢↓≤⌐ ⅎ⁸Collagen╛ Proteogrican≤™∫√ ⱴ♩ꜞ

♇◒☻ (Extra cellular matrix, ECM) ⅜ ⌐ ↕╣╢↓≤≢⁸ ⅜ ⌐ ↄ⌂╡⁸

─ ╛ꜞfiⱤ ╩ ⇔≡⇔╕℮↓≤⅜ ╠╣≡™╢ 115)⁹∕─√╘⁸ ─ ⌐ ∆╢

⌂ ╩ ∆╢↓≤⅜ ≤⌂╣┌⁸ ─ ╩ ╣╢ ⅜ ⇔⁸♫ⱡ ⅜

┼ ⇔ ↄ⌂╢≤ ⅎ╠╣≡™╢ 116)⁹↓╣╕≢⌐╙⁸PTX╩│∂╘≤⇔√♃◐◘fi ⅜╪ ╩

∆╢↓≤≢⅜╪ ─▪ⱳ♩כ◦☻╩ ⅝ ↓⇔⁸ ⌐ ∆╢⅜╪ ╩ ↕∑╢↓≤⌐

╟∫≡⁸⅜╪ ⌐╟╢ ╩ ≢⅝╢↓≤⅜ ↕╣≡™╢ 117)⁹╕√⁸ ╩

∆╢ ≢№╢ ECM╩⁸Collagenase ─ ⌐╟∫≡ ∆╢ 118)╛⁸ Transforming growth 

factor-ɓ (TGF-ɓ) ╩ ™≡ ECM─ ╩ ∆╢ 119)⁸ECM≤ ∂ↄ ⌐ ⌐

↕╣≡™╢ Hyaluronic acid╩ ∆╢  (Hyaluronidase) ╩ ∆╢ 120) ⅜ ╠╣≡™╢⁹ 
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 3.2- ─  

 

 │⁸ ─ ⌐ ⌂ ╛ ─ ≤⇔≡⁸ ⌐ ∆╢ ⅛╠ √⌂

╩ ∆╢↓≤⅜ ╠╣≡™╢⁹↓╣│ ≤ ┌╣⁸⅜╪ ╛ ─ ₁⌂

⅛╠ ↕╣╢ ⌂◘▬♩◌▬fi⌐╟╢◦◓♫ꜟ╩ ↑√ ⅜⁸ ה ┘

⌐╟∫≡ √⌂ ╩ ∆╢≤™℮⁸ ─ ⌐≤∫≡ ─ ≢№╢ 121)⁹∕↓≢ Folkman

│⁸1971 ⁸ ╩ ⌐ ⇔ ─ ╩ ∆╢↓≤≢ ╩ ∆╢≤™℮⁸

╩ ⇔√ 122)⁹⇔⅛⇔⌂⅜╠⁸ ◖fi☿ⱪ♩⌐ ≠™≡ ↕╣√

VEGF─ ≢№╢ Avastin® 123,124)│⁸ ─ ⅜ ╘╠╣∏⁸ ⅜╪ ≤ ⇔√ ⌐⅔

™≡─╖ ™ ╩ ⇔√ 125)⁹∕─ ⁸Avastin®│⁸ ─ ╩ ∆╢↓≤≢⁸

─ ╩ ⌂ ╩ ∫√ ┼≤ ≠↑⁸ ⇔√ ⅜╪ ─ ≤

╩ ∆╢ ╩ ⇔≡™√↓≤⅜ ⇔√ 125)⁹↓─╟℮⌂⁸ ⌐⅔↑╢ ─

≤ ─Ᵽꜝfi☻╩ ⅎ⁸ ─ ╩ ⌂ ⌐ ≠↑╢↓≤≢⁸ ╩

╣╢ ╩ ⇔⁸∕─ ⌐ ∆╢ ─ ╩ ∆╢ ╖│⁸  

(Vessel normalization) ≤⇔≡ 2005 ⌐ Jain⌐╟╡ ↕╣ 126)⁸ ₁⌂ ⅜ ╦╣≡™╢ 127)⁹

│⁸ ─ ≤ ─Ᵽꜝfi☻⅜ ≢№╢√╘⁸ ∆╢ ─ ╛☻◔

ꜟכꜙ☺ ╩ ⌐ ∆╢ ⅜№╢ (Fig. 6)126)⁹ 

Fig. 6 Concept of ñVessel Normalizationò Relating with Tumor Response to Anti-angiogenic Therapy126) 
Pro, pro-antigenic factors; Anti, anti-angiogenic factors 

 

 3.3- ─  

 

 ⇔√╟℮⌐⁸ ⌂ ⌐ ∆╢ │⁸ ─ ⅜ ⅝ↄ⁸ ─ ⅜

™↓≤⅜ ╠╣≡™╢⅜ 26,27)⁸ ╩ ⌐ ∆╢↓≤≢♫ⱡ ─ ╩ ↕

∑╢ ╖⅜ ↄ ↕╣≡™╢⁹ 

 Kallikrein-kinin ⌐╟∫≡ Kininogen⅛╠ ↕╣╢ Bradykinin128)│⁸ ⌐ ⇔ ╩

∆╢ ╩ ≈ ⌂ ⱷ♦▫◄⁸≢כ♃כ ─ ⌐╟∫≡ ╩ ∆╢↓≤⅜

≢№╢ 129)⁹ ⌐⁸ ⌂ ⱷ♦▫◄כ♃כ≢№╢ Prostaglandins (PGs) │⁸PGE2╛ PGI2⅜

╩ ∆↓≤⅛╠ 130)⁸PGI2▪♫꜡◓≢№╢ Beroprost╩ ∆╢↓≤≢ ⅜ ↕╣╢↓

≤⅜ ╠╣≡™╢ 131)⁹╕√⁸NO  (NO synthase, NOS) ⌐╟∫≡ L-Arginine⅛╠ ↕╣╢ NO
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│⁸ ─◦◓♫ꜟⱷ♇☿fi☺ꜗכ≤⇔≡ ⌐ ↄ⅜⁸ ╩ ∆╢ ╙ ∆╢√╘ 132)⁸NO∕

─╙─╛ NO ≢№╢ NOO-╛ Nitroglycerin╩ ∆╢↓≤≢ ╩ ≢⅝╢↓≤⅜ ↕

╣≡™╢ 133)⁹ ⌐⁸ ≢ ⌐ ⇔⁸ ╩ ∆╢ ╩ ≈ VEGF│⁸

 (Vascular permeability factor, VPF) ≤⇔≡╙ ╠╣ 134)⁸Bradykinin≤ ⁸ ™ ╩

∆ 130)⁹Angiotensin II─ ╩ ∆╢⁸Angiotensin I  (ACE) ╙⁸ ─ ╩

∆╢≤ ⌐⁸Bradykinin─ ╩ ∆╢↓≤≢⁸ ╩ ∆╢ ╩ ∆ 135)⁹╕√⁸

─ ╩ ∆ ⅜ ╠╣≡™╢ TGF-ɓ─ I ⌐ ∆╢ ╩ ≢ ∆╢↓

≤⌐╟∫≡⁸ ╩ ∫√ ⅜ ⇔⁸∕─ ⌐ ⇔√♫ⱡ ─ ⅜

∆╢↓≤⅜ ╠⅛≤⌂∫≡™╢ 136)⁹ ⌐╙⁸ 137)╛ ⌐╟∫≡ ⅜ ∆

╢↓≤⅜ ╠╣≡™╢⁹ 

 ⇔√ ╩ ∆╢↓≤≢⁸ ─ ╩ ⇔≡⁸ ⇔√ ─ ╩

≢№╢╙──⁸ ≢№╢↓≤⅛╠⁸ ┼╙ ⇔⁸ ╩ ⅝ ↓∆

⅜ ™≤™∫√ ⅜ →╠╣╢ 138)⁹∕─√╘⁸NO╩▪ꜟⱩⱵfi⌐ ⇔√ 139) ⁸ ─

╩ ⌐ ⌂ ─ ⅜ ╘╠╣≡™╢⁹ 
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I  Paclitaxel ⱳꜞⱴכ♫ⱡ ─ ─ ⌐  

∆╢  

 

 

 Paclitaxel─ ≤  

 

Paclitaxel (PTX) (Fig. 7) │⁸ ⅜╪⁸ ⅜╪⁸ ⅜╪⁸ ⅜╪⁸ ⅜╪≤™∫√ ₁⌂

⅜╪⌐ ⇔≡ ⅜ ↕╣≡™╢⁸♃◐◘fi ─ ⅜╪ ≢№╢ 140)⁹ │⁸1971 ⌐♃▬Ⱬ

▬ꜜ►▬♅▬ (Taxus brevifolia) ─ ⅛╠ ↕╣⁸ │⁸ ┼─ ╩ ∆╢√╘⌐♅ꜙ►◗

◒▬♅▬ (Taxus chinensis) ─ ╩ ™√  (Plant cell fermentation, PCF) ⌐╟╡∕─ ╩

≡™╢ 109)⁹ ⌂ PTX─ ≤⇔≡⁸ ─ ⌐ ≠ↄ ⅜ →╠╣╢ 141)⁹

│ ─└≤≈≢⁸Ŭ-♅ꜙכⱩꜞfi≤ɓ-♅ꜙכⱩꜞfi─♄▬ⱴכ⅜ ─ⱳꜞⱴכ╩ ⇔⁸

∕─ 13 ─ⱳꜞⱴכ⅜ ⇔≡ ∆╢↓≤≢⁸ 22 nm─ ─ ╩ ⇔≡™╢⁹ ⁸

─ ≥│⁸ ⅜♩♇♬ꜚⱩꜞfi─◘Ⱪכꜙ♅│≢ ╦╢ ≢⁸ ≢│ ⇔≡⅔╡⁸ ⅎ∏

≤ ╩ ╡ ⇔≡™╢⁹PTX│ ─ɓ-♅ꜙכⱩꜞfi─ N ⌐ ∆╢↓≤≢⁸

─♃fiⱤ◒ ─╖╩ ⇔⁸ ─ ⁸ ┘ ╩ ⅝ ↓∆ ⁸ ⌐ ─ ╩

⇔⁸ ╩ ∆╢ ╩ ∆ 141)⁹PTX│ ⌂ ╩ ∆╢╙──⁸ ─╖⌂╠

∏⁸ ┼≤ ∆╢√╘⁸ ⌂ ╩ ∆╢↓≤⅜ ╠╣≡™╢ 109)⁹ 

Fig. 7 Chemical Structure of Paclitaxel (PTX) 

 

╕√⁸PTX│ ≢№╢↓≤⅛╠⁸ ⌐⅔™≡│ Cremophor® EL ┘ Ethanol╩ ™≡

⇔⁸ ⌐ ⁸ ∆╢↓≤⌐╟╡ ↕╣≡™╢ (Taxol®)142)⁹⇔⅛⇔⌂⅜╠⁸↓─

│⁸ ∆╢⌐ √╡ ≈⅛─ ⌂ ╛ ╩ ⅎ≡™╢ 143)⁹ ≈│⁸Cremophor® EL⌐ ∆

╢ ─ ≢№╢ 144)⁹ ≢│⁸PTX ╩ ↕∑╢─⌐ ─ ╩ ≤∆╢√╘⁸

▪♫ⱨ▫ꜝ◐◦כ ─  ( ⁸ ⁸ ─ ⁸ ⁸ ⁸ ⁸ ⁸

) ⅜ ™ ≢ ∆╢↓≤⅜ ↕╣≡™╢ 144)⁹∕─√╘⁸ ☻♥꜡▬♪≤ⱥ☻♃Ⱶ

fi H1 ⁸ ┘ⱥ☻♃Ⱶfi H2 ─ ╩ ™⁸ ⌐ ╩ ← ⅜№╢ (Premedication) 

144)⁹╕√⁸Cremophor® EL│ ╩ ∆↓≤⅜ ↕╣≡⅔╡⁸PTX⌐╟∫≡ ↕╣╢

╩ ↕∑╢≤ ⅎ╠╣≡™╢ 145)⁹ ≈ ⌐⁸Cremophor® EL≤ Ethanol⌐╟╡ ⇔√ ⁸

≤ ⌐ PTX⅜ ∆╢ ⅜ ≢⅝∏⁸ ┼ ∆╢ ⌐│0.22 ɛm─▬fiꜝ▬fi

ⱨ▫ꜟ♃כ⌐╟╢ ⅜ ≤⌂╢↓≤⅜ →╠╣╢ 109)⁹ ⌐⁸ ☿♇♩ ⌐⅔™≡⁸Cremophor® 

EL⅜ ∆╢ ⌐⁸ ≤⇔≡ DEHP (Di-(2-ethylhexyl) phthalate) ⅜ ™╠╣≡™╢ ⁸DEHP⅜

Mw: 853.91

log P= 3.7
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⌐ ∆╢↓≤⅜ ↕╣≡⅔╡ 146)⁸DEHP─ ∆╢⁸ ⅜╪ ⁸ ⁸ ⁸

≤™∫√⁸ ─ ⅜ ↕╣≡™╢⁹ ⌐╙⁸Cremophor® EL⌐╟∫≡ ↕╣√Ⱶ☿ꜟ⌐ PTX⅜

╡ ╕╣╢↓≤≢⁸PTX ─ ⅜ ╩ ∆↓≤╛ 147)⁸Ethanol⅜ כ◖ꜟ▪⌐╘√╢╣╕

ꜟ┼─ ╩ ∆╢ ⌐│ ⌐ ∆╢ ⅜№╢↓≤ 109) ⁸ ─ ⌐│ ─ ⅜

≤↕╣≡™╢⁹ 

↓─╟℮⌂ ─╙≤⁸▪ꜟⱩⱵfi PTX ≢№╢ Abraxane® 148,149)⅜⁸ ⌐⅔™≡ 2010

7 ⌐ ↕╣⁸ ⅜╪⁸ ⅜╪⁸ ⅜╪ ⌐ ↕╣╢╟℮⌐⌂∫√⁹Abraxane®│⁸ⱥ♩

▪ꜟⱩⱵfi⌐ PTX╩ ↕∑╢↓≤≢⁸Cremophor® EL╛ Ethanol╩ ™∏⌐ PTX╩ ⌐

≤⇔√ DDS ≢№╡⁸Premedication╛ ⌂ ◐♇♩ ╩ ≤∑∏⁸Taxol®╟╡ ≢

─ PTX ╩ ≤⌂∫√ (Taxol®, 3 hr, 175 mg/m2; Abraxane®, 30 min, 260 mg/m2)⁹⇔⅛⇔⌂⅜╠⁸

Abraxane®⌐│ ≤⇔≡ ≈⅛─ ⅜ ∫≡™╢⁹╕∏⁸Abraxane®─ ≢№╢ⱥ♩ ▪ꜟⱩ

Ⱶfi│ ⌂ ╩ ⇔⁸ ►▬ꜟ☻─ ⅜⌂™╟℮ ↕╣√ ≢ ↕╣≡™╢╙──⁸

ꜞ☻◒╩ ⌐│ ≢⅝∏⁸ ⁸↓╣╕≢ Taxol® ⌐│ ╘╠╣≡™⌂⅛∫√⁸

─ ⌐╟╢ ⅜ ↕╣≡™╢ 149)⁹╕√⁸Abraxane®│ Cremophor® EL⌐ ∆╢ │ ↕

∑√╙──⁸Grade 3─ ╛ ⅝ ⁸ ─ ─ │ Taxol®╟╡╙ ™↓≤⅜ ↕╣

≡™╢ 150)⁹Abraxane®─ in vitro≢─  (5% ⱥ♩ ▪ꜟⱩⱵfi ) ⌐⅔↑╢ ─

⅛╠⁸PTX ⅜ 60 ɛg/mL─ ≢│ 130 nm─♫ⱡ ─ ╩ ⇔≡™╢╙──⁸

50~60 ɛg/mL≢ ⌂ ⅜ ∂⁸50 ɛg/mL╩ ╢ PTX ≢│♫ⱡ ─ ⅜ ╛⅛⌐ ∆

╢↓≤⅜ ↕╣≡™╢ 151)⁹↓─ │⁸Abraxane®│ ⅛╠ Taxol®╟╡╙ PTX≤⇔≡─ ╩

╛∆↓≤╩ ≤⇔√╙──⁸PTX─ │ Taxol® ≤ ≢№╢√╘⁸ ⇔√ ─ ⁸

┼─ PTX ⅜ ⇔√↓≤⅜⁸Abraxane® ⌐ ≢ ⅜ ∂√ ≢№╢↓

≤╩ ∆╢╙─≢№∫√⁹∕─√╘⁸ ╙⁸PTX─ ╩ ה ה ⌐ ⌂

PTX ─ ⅜ ╘╠╣≡™╢⁹ 

≢│↓╣╕≢⌐⁸PTX ╩ ⇔√ ₁⌂◄ⱴꜟ◦ꜛfi ┘ꜞⱳ♁כⱶ ╩ ⇔⁸

≢╙⁸ ≢─ ⌐ ╣√ Polyethylene glycol (PEG) ꜞⱳ♁כⱶ ⅜ ╙ ™

╩ ∆╢↓≤╩ ⇔≡™╢ 47)⁹ │⁸ ─Kono╠≤ ⌐⁸ 37,000─Polylactic 

acid (PLA) ╩ ⌐⁸ 5,000─ PEG╩ ⌐ ≈⁸ ─Ⱪ꜡♇◒ PLA-PEG╩

™≡⁸PTX ⱳꜞⱴכ♫ⱡ  (PLA PN-PTX) ╩ ⇔⁸∕─ ╩ ⇔√ 152)⁹∕─

⁸PLA PN-PTX│⁸PLA ─ ─ ⅝↕⌐ ⇔√ ™ ⌐ ≠⅝⁸PTX ╩

⌐ ⇔√ ≢⁸PEG ꜞⱳ♁כⱶ ╟╡╙ ⌐ ⇔⁸ ┼≤ ⌐ ∆

╢╙──⁸ ╠╣√ │ ╘≡ ↄ⁸∕─ ≤⇔≡ ⌐⅔™≡ PLA PN-PTX⅛╠

↕╣╢ PTX ⅜ ⇔™↓≤╩ ∆╢ ╩ ≡™√⁹ 

↓╣╠─ ⅛╠ │⁸PLA PN-PTX≢ ╘╠╣√ ╣√ ╩ ⅝ↄ ⌂℮↓≤⌂ↄ⁸

⅛╠─ PTX ╩ ∆╢↓≤≢⁸ ⌂ PTX ⱳꜞⱴכ♫ⱡ ╩ ≢№╢≤

ⅎ√⁹∕↓≢ ≢│⁸PLA-PEG╟╡╙ ⅜ ↄ⁸ ─ ↕™⁸↓╣╕≢⌐ ↕╣≡™⌂

™ ⅛╠ ╢ⱳꜞⱴכ╩ ™≡ PTX ╩ ∆╢↓≤≢⁸ ─ ┘⌐

╩ ≤⌂╢⅛ ⅛╩ ∆╢↓≤≤⇔√⁹ 
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1  PLGA PN-PTX─  

 

1-a PLGA ─  

 

 ─ ╩ ⌂♫ⱡ ◐ꜗꜞ▪│™ↄ≈⅛ →╠╣╢⅜⁸ ≢│

─Ⱪ꜡♇◒ ⌐ ⇔√⁹ ─Ⱪ꜡♇◒ ╩ ™≡ ⇔√♫ⱡ │⁸ ─

⌐╟╡ ⌐ ⁸ ⌐ ╩ ↕∑√Ⱶ☿ꜟ ─ ╩ ╢↓≤⅜ ╠╣≡™╢ 13,14)⁹

↓╣⌐╟╡⁸ ─ ⌐ ╩ ⇔≈≈⁸ ─ ⌐╟∫≡ ⌐ ∫≡

⌐ ⌐⌂╢≤ ⅎ╠╣╢⁹╕√⁸Ⱪ꜡♇◒ │⁸ ₁⌂ ─ⱳꜞⱴכ⅜ ∆╢↓≤⌐

ⅎ⁸ ╙ ≢№╢↓≤⅛╠⁸ ∆╢ ─ ⌐ ∂√ ⌂ⱳꜞⱴכ╩ ∆╢↓≤≢⁸

∆╢♫ⱡ ─ ╛ ╩│∂╘≤⇔√ ╩ ≢№╢≤™℮ ╩

⇔≡™╢ 79)⁹ ≢│⁸ ⅜ PEG⁸ ⅜ Poly(lactic-co-glycolic acid) (PLGA) ⅛╠ ╢

─Ⱪ꜡♇◒  (PLGA-PEG) ╩ ™╢↓≤≤⇔√⁹ ™√ PLGA-PEG│⁸ ─ ≢

™≡™√ PLA-PEG─ ≢№╢ PLA⅜⁸Lactic acid (LA) ≤ Glycolic acid (GA) ⅜⸗ꜟ 1:1≢ꜝfi

♄ⱶ⌐ ⇔√ PLGA⌐ ⅝ ⅎ╠╣√ ╩⇔≡™╢ (Fig. 8)⁹PLGA⅜ PLA╟╡╙ ╩

↑╛∆™↓≤⅛╠ 153,154)⁸PLGA-PEG╩ ™╢↓≤≢ ™ PTX ╩ ⇔√ ♫ⱡ ╩

≢⅝╢≤ ⅎ√⁹╕√⁸ ≢│ⱳꜞⱴכ ─ ╩ ↕∑╢↓≤╩ ⌐⁸PLA-PEG

╟╡╙ ⅜ ↕™⁸PLGA:PEG = 16,500 : 5,000─ PLGA-PEG╩ ™╢↓≤≤⇔√ (Table 1)⁹↓╣╕

≢⁸LA:GA = 1:1 ─ PLGA ⌐ PEG⅜ ⇔√ⱳꜞⱴכ╩ ™≡♫ⱡ ╩ ⇔√ │ ⌂ↄ⁸

PLGA:PEG = 48,000 : 2,000≤™∫√⁸PLGA─ ⅜ ⅝™ⱳꜞⱴכ⌐ ╠╣≡™√ 75)⁸PLGA─

⅜ ↕™ PLGA-PEG╩ ™√ │ ↕╣≡™⌂™⁹╕√⁸PLGA│ ≢ ╛

╩ ↑≡⁸LA ┘ GA≤™∫√ ≤⌂∫√ ⁸TCA ⌐╟∫≡ ≤ ┼≤ ↕

╣ ┼ ↕╣╢↓≤⅜ ╠╣≡⅔╡ 155)⁸ ─ ⅛╠╙ ─ ™ ≢№╢⁹ 

Fig. 8 Chemical Structure of PLGA-PEG Block Copolymer 

 

Table 1 Physicochemical Properties of PLGA-PEG Block Copolymer 
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1-b PLGA PN-PTX─  

 

Ⱪ꜡♇◒ ╩ ™√♫ⱡ ─ │ ╠╣≡™╢⅜ 72-74,76,78)⁸ ≢│ Single-

emulsion (Nanoemulsification) 75)≤  (Solvent diffusion) 77)╩ ╖ ╦∑≡ ⇔√⁹ │⁸

┼─ ╩ ∆╢ ╩ ™╢↓≤≢⁸ ─ ╩ ⁸ ∆╢∞↑≢⁸ ≢╙

╩ ≤™℮⁸ ⅛≈ ⌂ ≢№╢ 77)⁹ ─ ⌐ ™√ ╩ Table 2⌐ ∆⁹

─ ≤⇔≡ ⇔√ ◄♅ꜟ│⁸ ⌐ ⇔≡ 8% (w/v) ─ ╩ ⇔⁸ ⁸

⌐╙ ╘╠╣√ ─ ™ ≢№╢ 156)⁹╕√⁸ ⌐ ↕∑√ wPLA-PEG

│⁸ ◄♅ꜟ─ ╩ ↕ↄ∆╢√╘⌐ ⇔≡⅔╡⁸wPLA-PEG ≢│ ⌐ ↕╣

╢ ─ ⅜ 200 nm ⌐⌂╢↓≤⅜ ↕╣≡™╢⁹↓─ wPLA-PEG │ ⅜ ↄ 

(Hydrophile-lipophile balance, HLB = 15.65)⁸ ⌐ ⌐ ∆╢√╘⁸ ⌐╟╡ ⇔√ ⌂

♫ⱡ ⌐│ ╕╣⌂™↓≤╩⁸ ─ Ono╠⅜ NMR⌐╟╡ ⇔≡™╢ 157)⁹ ─

≤⇔≡│⁸╕∏ ╩ ↕∑√ ≤ ╩ ⇔ ╩ ℮↓≤≢⁸ ◄♅ꜟ─

⅜ⱳꜞⱴכ⌐╟╡ ↕╣√ O/W ◄ⱴꜟ◦ꜛfi╩ ⌐ ∆╢⁹∕─ ⁸↓─ O/W ◄ⱴꜟ

◦ꜛfi⌐ ─ ╩ ⅎ⁸◄ⱴꜟ◦ꜛfi ─ ◄♅ꜟ╩ ∆╢↓≤≢⁸ ⅜ PEG⁸

⅜ PLGA⅛╠ ╢ PTX ⱳꜞⱴכ♫ⱡ  (PLGA PN-PTX) ╩ ⇔√ (Fig. 9)⁹ 

 

Table 2  Materials Used to Prepare PLGA PN-PTX 

 

Fig. 9 Preparation of PLGA PN-PTX 

 

1-c PLGA PN-PTX─ ─  

 

 ♫ⱡ ─ │⁸ ⌐⅔↑╢ ≤ ⌐ ∆╢√╘⁸∕─

╩ ℮↓≤│ ≢№╢ 47)⁹∕↓≢ ≢│⁸ ⇔√ PLGA PN-PTX─ ┘ ╩ ∆

╢↓≤≤⇔√ (Table 3)⁹ 
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Table 3 Physicochemical Properties of PLGA PN-PTX 

 

∕─ ⁸PLGA PN-PTX─ │ 85 nm ⁸ │ 0 mV ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹

↓─↓≤⅛╠⁸PLGA PN-PTX⅜⁸EPR ╩ ⇔√ PTX─ ⅛≈ ⌂ ┼─ ╩

≤∆╢ ╩ ∆╢↓≤⅜ ↕╣√ 26,27)⁹ 

 

2  PLGA PN-PTX─ ─  

 

≢│⁸↓╣╕≢─ ≢ ⇔√⁸PLA-PEG╩ ≤⇔√ⱳꜞⱴכ♫ⱡ  (PLA PN-

PTX) ≤ PLGA PN-PTX─ PTX ╩ ∆╢√╘⁸ ╩ ℮↓≤≤⇔√⁹ │⁸ ⌐

╢ ⅜ ≢№╢↓≤⌐ ⅎ⁸ ╩ ∆╢↓≤≢ ≤─ ⅜ ⌐ ⅎ╢≤™

℮ ╩ ⇔≡™╢⁹ │⁸PLGA PN-PTX  (40 ɛg/mL as PTX) ≤ꜝ♇♩╟╡ ⇔√ ╩⁸

1:1≢ Ᵽ♇◓ ⌐ ⇔√ ⁸BSA╩ 5% ⇔√ PBS╩ ≤⇔≡ 37ºC≢▬fi◐ꜙⱬכ♩

⇔⁸ ⌐ ─ PTX ╩ ∆╢↓≤≢ ∫√⁹ ⁸PTX │⁸[14C]-PTX╩ כ꜠♩⌐

≡⇔≥כ◘ ⅎ≡⅔ↄ↓≤≢⁸ ─ ╩ ◦fi♅꜠כ◦ꜛfi◌►fi♃כ⌐╟╡ ∆╢↓

≤≢ ⇔√ (Fig. 10) ⁹ 

Fig. 10 PTX Release Properties from PLGA PN-PTX and PLA PN-PTX Assessed by Dialysis Method 
Keys; closed diamond, PLGA PN-PTX; closed circle, PLA PN-PTX. Results are expressed as the mean with the 

vertical bar showing S.D. (n = 3-4). *** p< 0.001; ** p< 0.01, compared with PLA PN-PTX.  

 

 ╠╣√ ⅛╠⁸PLGA PN-PTX│ 24 ╕≢ ╛⅛⌐PTX╩ ∆╢↓≤⅜ ↕╣⁸

∕─ │⁸PLA PN-PTX─ ⌐ ═⁸ ⌐ ™↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸ ╠╣√ ⅛

╠Sigma minus plot (Eq. 1) ⌐╟╡ ⅛↑─PTX  (krel) ╩ ⇔√≤↓╤⁸PLGA PN-PTX│⁸

PLA PN-PTX╟╡╙ ⌐ ™ ╩ ∆↓≤⅜ ╠⅛≤⌂∫√ (Table 4)⁹ 

 

-2.20 0.67

Size (nm)
Zeta potential

(mV)

85.5 2.6

PTX/polymer

(w/w ( 10-2))

0.59 0.05PLGA PN-PTX -2.20 0.67

Size (nm)
Zeta potential

(mV)

85.5 2.6

PTX/polymer

(w/w ( 10-2))

0.59 0.05PLGA PN-PTX
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t

Cln)CCln(
k maxtmax

rel

--
-=   (Eq. 1) 

 

 

Table 4 Apparent Release Rate Constants for PLGA PN-PTX and PLA PN-PTX 

Results are expressed at the mean ± S.D. (n = 3-4). *** p< 0.001, compared with PLA PN-PTX. 

 

3  C26⸗♦ꜟⱴ►☻⌐⅔↑╢ PLGA PN-PTX ─ ─  

 

─ ⅛╠⁸in vitro⌐⅔™≡│⁸PLGA PN-PTX⅜ PLA PN-PTX╟╡╙ ╛⅛⌐ PTX╩ ∆╢

↓≤⅜ ╠⅛≤⌂∫√⁹∕↓≢ ⌐⁸ⱴ►☻ ⅜╪ Colon-26 (C26) ╩ ™≡ ⇔√ ⅜╪⸗

♦ꜟⱴ►☻ (C26⸗♦ꜟⱴ►☻) ⌐ PLGA PN-PTX╩ ⇔⁸ ┘ ⌐⅔↑╢ ≤

PTX─ ╩ ∆╢↓≤≢⁸ ⌐⅔↑╢ PTX ╩ ∆╢↓≤╩ ╖√⁹ │⁸

⅜ 400 mm3 ⌐⌂∫√ C26⸗♦ꜟⱴ►☻⌐ ⇔≡⁸ ╩[3H]-cholesteryl hexadecyl ether ([3H]-CHE)158)

≢⁸PTX╩[14C]-PTX≢⁸∕╣∙╣ ⇔√ PLGA PN-PTX (0.5 mg/kg as PTX) ╩ ⇔⁸ ◘

fiⱪꜞfi◓ ⌐ ⇔√ ─ ⅛╠⁸ ≤ PTX─ ╩ ◦fi♅꜠כ◦ꜛfi◌►fi

≡∫╟⌐כ♃ ∆╢↓≤≢ ∫√⁹ ╠╣√ ╩ Fig. 11⌐⁸ ╩ Fig. 

12⌐ ∆⁹ ⁸ ⌐⅔™≡⁸[3H]-CHE ⇔√ PLGA PN-PTX╩ꜝ♇♩ ≤ 1 ▬fi◐ꜙⱬ

√⇔♩כ ⁸◕ꜟ ╩ ™⁸∕─ ⱪ꜡ⱨ□▬ꜟ╩ ⇔√ ⁸95% ─[3H]-CHE ⅜♫ⱡ

≢ ↕╣√↓≤⅛╠⁸[3H]-CHE│ ⌐⅔™≡╙ ⌐ ⌐ ↕╣√ ⌐№╡⁸

≢ ↕╣√[3H]-CHE│ ─ ╩ ∆╢≤ ⅎ╠╣╢⁹ 

Fig. 11 Plasma Concentration-time Profiles of (A) PLGA PN-PTX and (B) PLA PN-PTX after 
Intravenous Injection into C26-bearing Mice 
Keys; closed diamond, PLGA PN; open diamond, PTX (PLGA PN); closed circle, PLA PN; open circle, 

PTX (PLA PN). Dose of PTX was 0.5 mg/kg. Results are expressed as the mean with the vertical bar 

showing S.D. (n = 3). 
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╠╣√ ─ ⅛╠⁸PTX╩ ⌐ ≢№╢ PLA PN-PTX≢│⁸ ≤ PTX⅜

24 ╕≢ ─ ╩ ∆─⌐ ⇔≡⁸PLGA PN-PTX≢│⁸PTX─ ⅜ ≤ ⌐

─ ⅛╠ ₁⌐ ╣≡™ↄ ⅜ ╘╠╣⁸PTX ⅜ ╟╡╙ ╛⅛⌐ ⇔≡™╢↓≤⅜ ╠⅛≤⌂

∫√⁹↓─↓≤⅛╠⁸ⱴ►☻ ⌐⅔™≡╙ PLGA PN-PTX⅜ PTX╩ ╛⅛⌐ ⇔≡™╢↓≤⅜

↕╣√⁹╕√⁸ ≤ PTX─ - ⅜⁸2-compartment model⌐╟╡ ≢⅝√√╘⁸

MULTI 159)⌐╟╢ ⌐ ≠⅝⁸ Ɽꜝⱷכ♃╩ ⇔√ (Table 5)⁹ 

 

Table 5 Pharmacokinetic Parameters of PLGA PN-PTX and PLA PN-PTX after 
Intravenous Injection into C26-bearing Mice 

 

∕─ ⁸ ─ AUC≤ PTX─ AUC─  (
PNPTX

AUCAUC / ) ⅜⁸PLA PN-PTX│ 0.612

≢№∫√─⌐ ⇔≡⁸PLGA PN-PTX─ │ 0.228 ≤ ↕ↄ⁸PLGA PN-PTX⅜ PLA PN-PTX╟╡╙ ╛

⅛⌐ PTX╩ ⇔≡™╢↓≤⅜ ↕╣√⁹ 

™≡⁸ ╠╣√ ─ ⁸ ⌐⅔↑╢ ╩ ╢≤⁸PLA PN-PTX─ ⌐│⁸

≤ PTX ─ ⅜ 24 ╕≢ ┼ ⌐ ∆╢ ⅜ ╘╠╣√ ≢⁸PLGA 

PN-PTX─ ⌐│⁸ │ 24 ╕≢ ┼─ ⌂ ╩ ∆─⌐ ⇔≡⁸PTX

│⁸ 3 ╕≢│ ∆╢╙──⁸∕─ │ ∆╢≤™℮⁸ ≤│ ⌂╢ ╩ ⇔√⁹╕

√⁸PLGA PN-PTX─ │⁸ ⁸ ≤™∫√  (Reticuloendothelial system, RES) ┼≤

⌐ ⇔⁸∕─ │ PLA PN-PTX╟╡╙ ™↓≤⅜ ╠⅛≤⌂∫√⁹ ⁸PLGA PN-PTX╩

⇔√ ─ PTX│⁸ ≤ ⁸ 3 ╕≢│ ∆╢⅜⁸∕─ │ ∆╢ ⅜ ╘

╠╣√⁹PTX╩ ⌐ ⌐ ≢№╢ PLA PN-PTX─ ⁸PTX─ ⅛╠─ ⅜

╛⅛≢№╢↓≤╩ ∆╢≤⁸PLGA PN-PTX≢ ╘╠╣√⁸ PTX ─ ╛⅛⌂ │⁸

PLGA PN-PTX⅜ ┼ ⇔√ ⁸ ≢ ╛⅛⌐ PTX╩ ⇔≡™╢↓≤╩ ∆╢

≢№╢≤ ↕╣√⁹ 

PLGA PN-PTX PLA PN-PTX

(mL/hr)total
CL

(mL)
d

V

(hr-1)
el

k

1160

0.07

0.90

0.08

PLGA

1160

0.05

1.04

0.04

PLA

265

0.37

0.95

0.38

PTX

710

0.10

1.57

0.06

PTX

PN/AUCAUCPTX 0.228 0.612

(% of dose/mL hr)hr

plasma
AUC 240-

1406 2170273 990(% of dose/mL hr)-0

plasmaAUC

PLGA PN-PTX PLA PN-PTX

(mL/hr)total
CL (mL/hr)total
CL

(mL)
d

V (mL)
d

V

(hr-1)
el

k (hr-1)
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k

1160

0.07

0.90

0.08

PLGA

1160

0.05

1.04

0.04

PLA

265

0.37

0.95

0.38

PTX

710

0.10

1.57

0.06

PTX

PN/AUCAUCPTX 0.228 0.612

(% of dose/mL hr)hr

plasma
AUC 240- (% of dose/mL hr)hr

plasma
AUC 240-

1406 2170273 990(% of dose/mL hr)-0

plasmaAUC (% of dose/mL hr)-0

plasmaAUC
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Fig. 12 Tissue Distribution-time Profiles of (A) PLGA PN-PTX and (B) PLA PN-PTX after Intravenous 
Injection into C26-bearing Mice 
Keys; closed diamond, PLGA PN; open diamond, PTX (PLGA PN); closed circle, PLA PN; open circle, PTX (PLA PN). 

Dose of PTX was 0.5 mg/kg. Results are expressed as the mean with the vertical bar showing S.D. (n = 3). 

 

4  C26⸗♦ꜟⱴ►☻⌐ ∆╢ PLGA PN-PTX─ ─  

 

 ─ ⅛╠⁸PLGA PN-PTX⅜⁸ ⌐⅔™≡ ╛⅛⌐ PTX╩ ∆╢↓≤⅜ ↕╣√

√╘⁸ ≢│⁸C26⸗♦ꜟⱴ►☻⌐ PLGA PN-PTX╩ ⇔√ ─ ╩ ∆╢↓≤≤

⇔√⁹ │⁸ ⅜ 100 mm3 ≤⌂∫√ C26⸗♦ꜟⱴ►☻⌐ PLGA PN-PTX (1.5 mg/kg as PTX) 

╩ ⇔⁸∕─ ─ ╩ ⌐ ∆╢↓≤⌐╟╡ ∫√ (Fig. 13)⁹ 

 ∕─ ⁸PLGA PN-PTX╩ ⇔√ ─ │⁸Control ⁸PTX ≤ ═≡ ⌐

↕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸ ─  (T) ⌐ ∆╢ Control ─  

(C) ─  (T/C %) ╩ ⇔√≤↓╤ (Table 6)⁸PLGA PN-PTX│⁸ ⌐ ⇔√ PLA PN-PTX152)╟╡╙

⌐ ™ ╩ ∆↓≤⅜ ╠⅛≤⌂∫√⁹ 
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Fig. 13 In Vivo Anti-tumor Effect of PLGA PN-PTX after Intravenous Injection into C26-bearing Mice 
Keys; open circle, Control (saline); closed circle, PTX solution; closed diamond, PLGA PN-PTX. Dose of PTX was 

1.5 mg/kg. Results are expressed as the mean with the vertical bar showing S.D. (n = 4). ** p< 0.01; * p< 0.05, 

compared with saline-treated group. ÀÀ p< 0.01; À p< 0.05, compared with PTX solution-treated group. 

 

 

Table 6 Tumor Growth Rates in C26-bearing Mice Treated with PLGA PN-PTX 

A slope of tumor volume-time curve, representing the growth rate of each tumor in treatment 

group, was obtained from days 6 to 20 after injection. Results are expressed as the mean ± 

S.D. (n = 4). ** p< 0.01, compared with saline-treated group. ÀÀ p< 0.01, compared with PTX 

solution-treated group. § p< 0.05, compared with PLA PN-PTX. 

 

5   

 

 ≢│⁸↓╣╕≢⌐ ↕╣≡™⌂™ ╩ ≈ PLGA-PEG╩ ™≡ PTX ⱳꜞⱴכ♫ⱡ

 (PLGA PN-PTX) ╩ ⇔⁸∕─ ⁸ ⁸ ┘

╩ ⇔√⁹ 

PLGA PN-PTX─ PTX │⁸ ⅜ ⇔™↓≤⅜ ↕╣√ PLA PN-PTX╟╡╙ ⌐ ™↓

≤⅜ ╠⅛≤⌂∫√ (Figs. 10 and 11, and Tables 4 and 5)⁹↓╣│⁸PLGA⅜ PLA╟╡╙ ╛⅛⌐

↕╣╢↓≤⌐ ⅎ 160)⁸PLGA PN-PTX⅜ ≤⇔≡ ⌂ integrity╩ ∆╢√╘≢№╢≤ ↕╣╢⁹

Avgoustakis╠│⁸ 5,000─ PEG⌐ ₁⌂ ─ PLGA╩ ↕∑√⁸ 9,000~51,000─

PLGA-PEG╩ ™≡ ₁─♫ⱡ ╩ ⇔√ ⁸ ™√ PLGA-PEG─ ⌐ ⇔≡⁸

⅜ 57.5~114.8 nm╕≢ ∆╢↓≤╩ ⇔≡™╢ 161)⁹ ⁸ ≢ ⌐ ™√ PLGA-PEG─

 (21,500 (PLGA, 16,500; PEG, 5,000)) ⅜ PLA-PEG (42,000 (PLA, 37,000; PEG, 5,000)) ╟╡╙ ⌐

↕™⌐╙ ╦╠∏⁸PLGA PN-PTX─  (85.5 nm, Table 3) │ PLA PN-PTX─  (78.3 nm) 152)╟

╡╙ ⅛⌐ ⅝™ ≤⌂∫≡™╢⁹↓╣│⁸ ⇔√ PLGA PN-PTX─◖▪ ╩ ∆╢ PLGA

─ ⅜⁸PLA PN-PTX─◖▪ ╩ ∆╢ PLA ─ ╟╡╙ ↄ⁸ ↕╣
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√ ─ integrity⅜ ↄ⌂∫√↓≤╩ ∆╢ ≢№╡⁸↓─ ─ │⁸PTX⅜ ╛

⅛⌐ ↕╣√ ─ ≈≢№╢≤ ⅎ╠╣√⁹ 

C26⸗♦ꜟⱴ►☻⌐ ⇔√ ⁸PLGA PN-PTX─ │⁸PLA PN-PTX─ ≤ ─

≤ ╩ ∆  (Fig. 11 and Table 5)⁸ ╛ ≤™∫√ RES ┼ ⌐ ∆

╢↓≤⅜ ↕╣√ (Fig. 12)⁹Beletsi╠│⁸PLGA≤ PLGA-PEG─ ─ⱳꜞⱴכ╩ ⌂╢ ≢

™≡ ─♫ⱡ ╩ ⇔⁸∕─ ╩ ⇔√ ⁸PLGA-PEG─ ⅜ ∆╢≤⁸

─ ┼─ ⅜ ⇔ ⅜ ∆╢↓≤╩ ⇔≡™╢ 162)⁹↓─↓≤⅛╠⁸ ≢

⇔√PLGA PN-PTX⌐⅔™≡╙⁸ ╩ ∆╢PLGA-PEG⅜ ≢ ↕╣╢↓≤⌐╟∫≡PEG

⅜ ⇔⁸ ⌐ PEG╩ √⌂™ PLGA-PEG (= PLGA) ─ ⅜ ⇔√ ⁸PLGA PN-PTX⅜○ⱪ

♁♬fi ╩ ↑╛∆ↄ⌂╡⁸RES ┼≤ ⌐ ⇔≡™∫√╙─≤ ↕╣╢⁹╕√⁸PLGA PN-

PTX─ PTX│⁸ ⌐ 3 ╕≢│ ∆╢ ╩ ∆╙──⁸∕─ │ ╛⅛⌐

⇔≡™ↄ↓≤⅜ ↕╣√ (Fig. 12)⁹ ↕╣√ PTX│⁸ ╩ ⌐ ┼≤ ╛⅛⌐

⇔⁸ ⅛╠ ₁⌐ ∆╢↓≤⅜ ╠╣≡™╢ 109,163)⁹╕√⁸PTX ╩ ⌐ ⌐ ≢№╢

PLA PN-PTX≢│⁸ ⌐⅔↑╢ PTX─ ⅜╒≤╪≥ ╘╠╣⌂™↓≤╙ ∆╢≤⁸PLGA PN-

PTX≢ ╘╠╣√⁸ PTX ─ ╛⅛⌂ │⁸PTX⅜ ⌐ ↕╣√ ≢ ┼

⇔√ ⁸ ≢ ╛⅛⌐ ↕╣⁸ ⅛╠ ⇔√↓≤╩ ∆╢ ≢№╢≤ ↕╣√⁹ 

PLGA PN-PTX│⁸PTX ⅜ ⇔ↄ ⅜ ╘╠╣⌂⅛∫√ PLA PN-PTX╟╡╙ ⌐ ™

╩ ⇔√╙── (Fig. 13 and Table 6)⁸PTX─ AUC│⁸PLGA PN-PTX (43 % of dose/gה

hr) ─ ⅜⁸PLA PN-PTX─  (92 % of dose/gהhr) ╟╡ ↕™↓≤╩ ⅎ╢≤ (Fig. 12)⁸ │

⇔√╙─⌐ ∂╠╣╢⁹Parr╠│⁸ꜞⱳ♁כⱶ ╩ PEG ∆╢↓≤≢ ─ ╩

∆╢↓≤⌐ ⇔√╙──⁸PEG─ ⌐╟∫≡ ─ ⌐ │ ∂⌂™↓≤╩ ⇔≡™

╢ 164)⁹╕√⁸ ─ ⌂╢ PEGꜞⱳ♁כⱶ ╩ ™√ ⁸ ⅜ ↄ⁸ ─

AUC⅜ ↕™ ─ ⅜ ™ ╩ ∆╢↓≤⅜ ↕╣≡™╢ 165)⁹↓─╟℮

⌐⁸ ╕√│ ⌐⅔↑╢ AUC─ ⅜⁸ ∏⇔╙ ─ ⌐ ⅜╢ ≢│⌂™↓≤

╩ ∆╢ ⅜ ↕╣≡™╢⁹↓╣╠─ ⅛╠⁸ ─ ⌐ ∆╢ ≈─

⅜ ⅛┘ ⅜╢⁹ ∟⁸ ↕╣√ ─ │⁸♫ⱡ ⌐ ↕╣√ ─╙─≤

╩ ↑√╙─≤─ ≢№╡⁸ ╩ ⇔≡ ∆╢↓≤⅜ ≢№╢≤™℮ ≢№╢⁹ ⌐⁸

⌐ PEG ╩ ⇔√ 80~100 nm─♫ⱡ │⁸PEG ⌐╟╢ ≤ ⌐╟∫≡

╛◄fi♪◘▬♩כ◦☻⌐ ≠™√ ┼─ ╡ ╖⅜╒≤╪≥ ↓╠⌂™√╘ 166,167)⁸PTX─⅜╪

┼─ ╡ ╖│⁸ ⅛╠ ↕╣√╙─⌐ ╠╣╢≤ ⅎ╠╣≡™╢⁹ ⁸  ( ) ≤

™℮ PTX─ 141)╩ ╕ⅎ╢≤⁸PTX⅜ ╩ ∆╢√╘⌐│⁸PTX⅜♫ⱡ ⅛╠

↕╣⁸ ⌐╟∫≡⅜╪ ⌐ ╡ ╕╣╢ ⅜№╢≤ ⅎ╠╣╢⁹ ∫≡⁸PLGA PN-PTX│⁸

PTX─ AUC⅜ PLA PN-PTX╟╡╙ ↕™╙──⁸ ⌐⅔↑╢ PTX ⅜ ™↓≤

≢⁸⅜╪ ⌐⅔↑╢ PTX ⅜ PLA PN-PTX─ ╟╡╙ ≢ ⇔√√╘⌐⁸PLA PN-PTX

╟╡╙ ™ ╩ ≢№∫√≤ ↕╣√⁹ │ ⌐⅔™≡ ╩ ↑√ PTX

─ ≤⇔≡⁸⅜╪ ⌐ ╡ ╕╣√ PTX ╩ ∆╢↓≤⌐╟╡⁸♫ⱡ ─

≤ ≢─ ≤╩ ↑≡ ∆╢ ⅜№╢∞╤℮⁹ 

 ─ ⅛╠⁸PLGA PN-PTX│⁸ ≢ PTX╩ ╛⅛⌐ ∆╢↓≤⌐╟∫≡ ⌂

╩ ≤⌂∫√╙──⁸ ⅜₈ ⌂₉ ╩ ⇔≡™╢⅛ ⅛⌐ ⇔≡│ ─
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╢≤↓╤≢№╡⁸ ⌐│ ╩ ⇔ ↕∑╢ ⅜№╢─≢│⌂™⅛≤ ⅎ╠╣√⁹∕↓≢

│⁸ ≢ ™√ PLGA-PEG≤│ ⅜ ⌂╢⁸ ─ PLGA-PEG╩ ™≡⁸ ⌐ⱳꜞⱴכ

♫ⱡ ╩ ⇔⁸ ₁─ ╩ ⅎ√⁹╕∏⁸ ™√ PLGA-PEG╟╡╙  (PLGA) ─

⅜ ⅝™ PLGA-PEG (Mw, 30,000~40,000) ╩ ™≡ⱳꜞⱴכ♫ⱡ ╩ ∆╢↓≤╩ ╖

√⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ≤⌂╢ ─ PLGA-PEG⅜ ◄♅ꜟ⌐ ∑∏⁸♫ⱡ ╩ ≢⅝

⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ ⁸ ┼─ ⌂ ╩ ⇔⁸ Ⱪ꜡♇◒ ╩ ⌂ ─

168,169)╩ ™≡ ╩ ╖╢ ⅜№╢≤ ⅎ╠╣√⁹ ⌐⁸PLGA ⌐ ╕╣╢ GA⁸LA ─

⅜ ⌂╢ PLGA-PEG╩ ™≡ⱳꜞⱴכ♫ⱡ ╩ ∆╢↓≤╩ ╖√⁹PLGA ─ GA-GA

│ ⌐ ∆╢ ⅜ ™√╘⁸GA-GA ─◄☻♥ꜟ ⅜⁸GA-LA ╛ LA-LA ─◄☻♥ꜟ

╟╡╙ ╛⅛⌐ ↕╣╢↓≤⅜ ↕╣≡™╢ 153,154)⁹∕↓≢⁸ ╩ ↑╢

─ ≈≢№╢⁸ⱳꜞⱴכ─ ╩╦∏⅛⌐ ↕∑╢√╘⁸ ╩⁸↓╣╕≢ ™≡™√ LA:GA = 

1:1─ PLGA⅛╠⁸GA ⅜ ⌂™⁸LA:GA = 3:1─ PLGA┼≤ ⇔√ PLGA-PEG (3:1 PLGA-PEG, Table 

7) ╩ ™≡⁸ⱳꜞⱴכ♫ⱡ ╩ ⇔√ (3:1 PLGA PN-PTX)⁹∕─ ⁸ ⅛╠ ⇔√⁸

3:1 PLGA PN-PTX─ ⅛↑─ PTX  (0.105 ± 0.010 hr-1) │⁸PLGA PN-PTX─  (0.150 ± 0.008 

hr-1, Table 4) ╟╡╙ ⌐ ⅛∫√╙── (p< 0.05)⁸C26⸗♦ꜟⱴ►☻⌐ 1.5 mg/kg (as PTX) ─ 3:1 PLGA 

PN-PTX╩ ⇔≡╙ ⅜ ╘╠╣⌂™↓≤⅜ ╠⅛≤⌂∫√ (T/C = 93%, Fig. 14)⁹↓╣╠─

⅛╠⁸3:1 PLGA-PEG╩ ™╢↓≤≢ PLGA PN-PTX─ PTX ╩ ∆╢↓≤⌐│ ⇔√╙─

─⁸ ╩ ≤⌂╢ ─⅜╪ PTX ╩ ╢↓≤⅜ ⌂⅛∫√╙─≤ ⅎ╠╣√⁹

│ LA:GA = 2:1 ⁸╙℮ ⇔ GA ╩ ↕∑√ PLGA╩ ⇔√ⱳꜞⱴכ╩ ™╢↓≤≢ PTX

╩ ╘√ ╩ ⇔⁸∕─ ╩ ∆╢ ⅜№╢≤ ⅎ≡™╢⁹ 
 

Table 7 Physicochemical Properties of 3:1 PLGA-PEG 

 

Fig. 14 Anti-tumor Effect of 3:1 PLGA PN-PTX after Intravenous Injection into C26-bearing Mice 
Keys; open circle, Control (saline); closed circle, PTX solution; closed diamond, 3:1 PLGA PN-PTX. Dose of 

PTX was 1.5 mg/kg. Results are expressed as the mean with the vertical bar showing S.D. (n = 4). 
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≢│ Passive targeting⌐╟∫≡ PTX ╩ ┼ ⌐ ∆╢↓≤╩ ╖√⅜⁸Active 

targeting⌐╟∫≡⁸ ┼ ╩ ∆╢↓≤╙ ≢№╢ 23)⁹Low ╠│⁸♫ⱡ ⌐ ╩

∆╢↓≤≢⁸⅜╪ ⌐ ∆╢ ≤─ ╩ ⇔≡⁸ ↔≤ ⅜ ⌐

⇔⁸∕─ ⁸ ≢ ⅛╠ ↕╣√ ⅜ ╩ ∆↓≤╩ ⇔≡™╢ 32)⁹↓─╟℮⌐⁸

Active targeting│⁸ ⇔√ ─⅜╪ ┼─ ╩ ∆╢↓≤╙ ≢№╢↓≤⅛╠⁸

─ ╩ ∆╢ ⌐ ⌂ ─ ≈≢№╢ 14)⁹⇔⅛⇔⌂⅜╠⁸PTX─╟℮⌂

╩ ∆╢ ⌐│⁸ ─ ◖☻♩╛ ╩ ╕ⅎ╢≤⁸ ∏⇔╙ Passive targeting╟╡╙ ⌂

≢№╢≤│ ⅎ∏⁸ ⌐ ∆╢ ╩ ⇔≡⁸ ⇔√ Targeting ╩ ∆╢↓≤⅜

⌐⌂╢≤ ⅎ╠╣╢ 14,23)⁹ 

⁸ ≢│⁸↓╣╕≢⌐ ↕╣≡™⌂⅛∫√ ─ PLGA-PEG╩ ™╢↓≤≢⁸

≢ ╛⅛⌐ PTX╩ ⇔⁸ ⌂ ╩ ⌂ PTX ╩ ∆╢↓≤⌐ ⇔

√⁹╕√ ⌐╟╡⁸ ⌂♫ⱡ ╩ ∆╢√╘⌐│⁸ ⌐⅔↑╢ ╩

⌐ ∆╢↓≤⅜ ╘≡ ≢№╢↓≤╩⁸ ⌐╟∫≡ ⌐ ∆↓≤⅜≢⅝√⁹ ≢⁸

─╟℮⌂⁸Ⱪ꜡♇◒ ─ ╛ ⌐ ⇔≡ⱳꜞⱴכ─ ╩ ⇔⁸

─ ╩ ∆╢ │⁸PLGA ─╟℮⌂ ⌐╟∫≡ ⅜ ╦╢ⱳꜞⱴכ╩ ™√

⌐ ⇔≡ ≢№╢√╘⁸ ─ⱳꜞⱴכ╩ ™╢ ⌐│ ⌂∫√ ≢ ╩ ∆╢ ⅜№

╢≤ ⅎ╠╣╢⁹ ⅎ┌⁸PEG-Polyglutamate ─ Glutamate ⌐ ∆╢ Carboxyl ╩♫♩ꜞ►ⱶ

⌐ ⇔√ⱳꜞⱴ⁸╛(170כPEG-Polyaspartate─ Aspartate ⌐ 4-phenyl-1-butanol╩ ↕∑╢↓≤≢

╩ ╘√ⱳꜞⱴ17כ) ⁸ⱳꜞⱴכ╩ ∆╢↓≤⌐╟∫≡♫ⱡ ─ ╩ ╘╢

⅜ ∆╢⁹ ⌐⁸PEG-Polyaspartate⌐ Hydrazide ╩ ⇔≡ Epirubicin╩ ⇔√ⱳꜞⱴכ╩ ™╢↓

≤≢⁸ ─ pH⌐ ⇔≡ⱳꜞⱴכ⅜ ↕╣⁸ ⅜ ↕╣╢⁸pH ♫ⱡ

╩ ≢⅝╢↓≤⅜ ╠╣≡™╢ 171)⁹╕√⁸Nitrobenzyl ⅜ ⇔√Methacrylic acid─ⱳꜞⱴכ

╩ ⌐⁸PEG╩ ⌐ ≈Ⱪ꜡♇◒ ≢ ⇔√♫ⱡ │⁸ ⅛╠─ ⌐ ⇔

≡ Nitrobenzyl ⅜ ∆╢↓≤≢ ─ ⅜ ╦╣≡ ⇔⁸ ╩ ╛⅛⌐ ∆╢↓≤

⅜ ↕╣≡™╢ 172)⁹ ⌐⁸ ⅛╠─ ╛ ⌐╟∫≡ ∆╢♫ⱡ ╙ ⇔ 173)⁸↓─╟℮

⌂⁸ ─♫ⱡ │⁸ ⌂ ╩ ⅎ╢↓≤≢ ⌐⅔™≡

╩ ≢⅝╢√╘⁸ ⌂ ⌐⌂╡ ╢≤ ⅎ╠╣≡™╢⁹↓─╟℮⌐⁸ ₁⌂ⱳꜞⱴכ╩ ™

≡♫ⱡ ╩ ≢№╢⅜⁸™∏╣─ ⌐⅔™≡╙⁸♫ⱡ ─ ╩ ⌐

∆╢↓≤⅜ ≢№╡⁸ ≢ ╠╣√ │⁸ ⌂♫ⱡ ╩ ∆╢ ≢ ⌂

╩ ⅎ╢╙─≢№╢≤ ⅎ≡™╢⁹ 
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II  ─ ─ ≤∕─  

 

 

⁸ ─ ╛ 174-176)⁸ꜞfiⱤ ─ 29)⁸ ─ 177)≤™∫√⁸

⅜⁸ ⅜╪─ ⌐╟∫≡ ⅝ↄ ⌂╢↓≤⅜ ↕╣≡™╢ 178,179)⁹ ╙⁸ⱴ►☻ ⅜╪

Colon-26 (C26) ╩ ™≡ ⇔√⸗♦ꜟⱴ►☻  (C26 ⸗♦ꜟⱴ►☻) ≤⁸ⱴ►☻ⱷꜝⱡכⱴ

B16/BL6 (B16) ╩ ™≡ ⇔√⸗♦ꜟⱴ►☻ (B16⸗♦ꜟⱴ►☻) ⌐ ⇔√ PEGꜞⱳ♁כⱶ

─ ╩ ⇔√≤↓╤ (Fig. 15)⁸B16 ┼─ PEGꜞⱳ♁כⱶ ⅜ C26 ┼─

╟╡╙ ⌐ ⌂™↓≤╩ ⇔≡⅔╡ (p< 0.01)⁸⅜╪ ⌐╟∫≡♫ⱡ ─ ╙ ⅝ↄ ⌂

╢↓≤⅜ ↕╣√⁹ 

Fig. 15 Tumor Disposition Amount of PEG Liposomes within B16 or C26 Tumor Tissues 
Tumor disposition amount of PEG liposomes was assessed at 24 hr after injection. Results are 

expressed as the mean with the vertical bar showing S.D. (n = 7-13). ** p< 0.01.  

 

⌐⅔™≡╙⁸ ⅜╪╛☻◐ꜟ☻ ⅜╪≤™∫√⁸ ─ 5 ⅜ 20%╩ ╢⁸™╦

╝╢⁸ ─ ⅜╪≢│⁸ ─ ⅜ ⇔™↓≤⌐ ⅎ⁸ ⌂ ─ ⅜╪≤

═≡ ⌐ ≢⁸⅛≈ ⅜ ™ ╩ ∆╢√╘⌐ 180,181)⁸Doxil® ─♫ⱡ ╩ ⇔≡

╙⁸EPR ⌐ ≠™√ ┼─ ⅜ ↓╡⌐ↄↄ⁸ ⌂ ╩ ╢↓≤⅜ ≢№╢↓

≤⅜ ╠╣≡™╢ 21) (Fig. 16)⁹∕─√╘⁸ ┼─♫ⱡ ╩ ∆╢↓≤╩ ⌐⁸

─ ╩ ∆╢↓≤╩ ╖√ ₁⌂ ⅜ ↕╣≡™╢ 31,182,183)⁹⇔⅛⇔⌂⅜╠⁸

┼╙ ⅜ ┬↓≤╛⁸ ⌐ ⌂ ─ ⅜ ≢№╢↓≤ ─ ⅛╠⁸ ∞ ≢

⌂ ╩ ∆╢⌐│ ∫≡™⌂™─⅜ ≢№╢ 138)⁹ 

∕↓≢ ≢│⁸ ⅜╪⸗♦ꜟⱴ►☻⌐ ⇔≡⁸ⱳꜞⱴכ♫ⱡ ⇔√ ╩ ™≡ ⇔

√ ⌂ ⅜⁸ ─ ╩ ∆╢ ≤⌂╡ ╢⅛ ⅛╩ ∆╢↓≤≤⇔√⁹

╕√⁸ ⌂ ⌐╟∫≡ ⅜ ∆╢ⱷ◌♬☼ⱶ│ ∞ ╠⅛≤⌂∫≡™⌂™↓≤⅛

╠⁸∕─ ╩ ∆╢↓≤╙ ╖√⁹ 
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Fig. 16 Difference of Microenvironment between Normal and Intractable Tumor Tissues 

 

1  ⅜╪ ⌐⅔↑╢ ⌂  

 

 ╩ ∆╢ ≤⇔≡ ⅜ ⇔√─│⁸ ─ ┼─ ┘ ⅛╠─

⌂ ≤™℮ 2 ─ ⅛╠ ╡ ≈⁸  (Photodynamic therapy, PDT) 

≢№╢ 184,185) (Fig, 17)⁹PDT─ │⁸№╢ ─ ╩ ↑√ ⅜ ⅛╠

┼≤ ⇔√ ⁸ ┘ ⌐ ╢ ⁸ ─ ⌐◄Ⱡꜟ◑כ╩ ∆╢↓≤≢

─  (Reaction oxygen species, ROS) ⅜ ↕╣⁸∕─ ROS⌐╟∫≡ ╩│∂╘≤⇔

√ ₁─ ⅜ ⅝ ↓↕╣╢≤™℮╙─≢№╢ 186)⁹PDT│ ⁸ ─ ⅜╪⁸ ─ ⅜╪

┘⌐ ⅜╪⁸ ─ ⅜╪⌐ ⇔≡ ⅜ ↕╣≡⅔╡ 187,188)⁸ ⌂ ⅜

⌂↓≤⁸ ∆╢ ─ ⅜ ™↓≤ ⅛╠⁸ ─ ⅛╠╙ ╣√ ─

≈≤↕╣≡™╢⁹╕√⁸ ⌐ ≤⌂╢ ╙⁸ ─ ⌐ ™⁸ ה ⅜ ╪

≢⅔╡ 189)⁸ ₁ ∆╢↓≤⅜ ↕╣╢⁹ 

Fig. 17 Schematic Diagram of Photodynamic Therapy (PDT) 
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⅜╪ ⌐⅔↑╢ PDT─ ⱷ◌♬☼ⱶ│ ⇔ 190)⁸ ≢│⌂ↄ⁸ ─ ⅜ ╩ ╓⇔

℮↓≤≢ ™ ╩ ∆╢≤ ⅎ╠╣≡™╢ 191,192)⁹╕√⁸PDT⌐ ™╢ ─ ⌐╟∫≡⁸

⌐ ∆╢ⱷ◌♬☼ⱶ╙ ⌂╡⁸ ↕╣╢ ─♃▬ⱪ╙ ∆╢↓≤⅜ ╠╣≡™╢ 193)⁹∕─

≢╙ ╙╟ↄ ╠╣≡™╢ │⁸PDT⌐╟╡ ↕╣√ ROS⅜ ⅜╪ ⌐ ⇔⁸▪ⱳ♩

╩☻◦כ꜡◒ↄ│Ⱡ⇔╙☻◦כ ∆╢↓≤≢⁸⅜╪ ─ ╩ ⅝ ↓∆≤™℮  (Direct 

tumor cell killing) ≢№╢ 194)⁹╕√⁸ ─ⱷ◌♬☼ⱶ≤⇔≡│⁸PDT ⌐╟╢ ─  (Host 

immune response) ⅜ →╠╣╢ 195)⁹↓╣│⁸ROS─ ⌐╟╡Ⱡ◒꜡כ◦☻╩ ↓⇔√⅜╪ ╩⁸

⅜ ⇔ ╩ ℮↓≤≢ T ⅜ ↕╣╢↓≤⁸ROS─ ⌐╟╡ IL-6⁸IL-8

┘ IL-10─ ⅜ ↕╣╢↓≤≢⁸B ─ ⌐ ℮ ─ ≤ T ─ ⅜ ∂╢↓

≤⌐ ⇔≡™╢⁹ ⅎ≡⁸ROS⌐╟╢ ⌐╟∫≡ ⅜ ↕╣╢↓≤≢⁸ⱱ☻♩─ ⅜

⇔⁸⅜╪ ╩ ∆╢↓≤╙ ╠╣≡™╢ 196)⁹ ⌐⁸ ⇔√ ROS⅜ ─ ⌐ ⇔⁸

─ ╛⁸ ─ ⁸ ─ ⅜ ⅝ ↓↕╣√ ⁸ ╛ ─ ⅜ ⇔⁸ ─

╩ ⅝ ↓∆≤™℮  (Vascular damage) ╙ ╠╣≡™╢ 197-199)⁹ │↓─ ╩╙≤⌐⁸

⌐ ∆╢ ROS ╩ ⌐ ∆╢↓≤≢⁸ ⌂ ╩⁸ ⌐⅔↑╢

╩ ⅛≈ ⌐ ↕∑╢ ≤⇔≡ ∆╢↓≤╩ ⅎ√⁹∕↓≢╕∏⁸ ⅜

™ B16⸗♦ꜟⱴ►☻⌐ ⇔≡ ⌂ ╩ ⇔⁸∕─ ⌐ ⇔√♫ⱡ ─

⅜ ↕╣╢⅛ ⅛╩ ∆╢↓≤≤⇔√⁹ 

 

2  ⌂ ⅜ ⌐ ╓∆ ─  

 

2-a ─  

 

⌂ │⁸ ™╢ ⌐╟∫≡ ⅝ ↓↕╣╢ ⅜ ⌂╢√╘⁸ ─ │

≢№╢⁹ ⁸PDT⌐╟╢⅜╪ ⌐ ™╠╣╢ ≤⇔≡│⁸Photofrin® (Porfimer sodium )187)

≤ Laserphyrin® (Talaporfin sodium )188)≤™℮ 2 ⅜ ↕╣≡™╢⅜⁸↓╣╠│ ≢№╢√

╘⁸ ∆╢≤⁸ ╩ ╘√ ┼≤ ⌐ ⇔⁸ ╩ ∆╢ ⅜ ™↓

≤⌐ ⅎ⁸ ⅛╠ ╛⅛⌐ ∆╢√╘⌐ ╩ ≤⇔√ ⌐│ ⇔≡™⌂™↓≤⅜ ⅎ╠╣√

200,201)⁹∕↓≢ ≢│⁸ ⌂ ╟╡╙ ⌐ ™ ╩ ⇔√ Photoprotoporphyrin IX 

dimethyl ester (PppIX-DME) ╩ ≤⇔≡ ⇔⁸∕─ ╩ ∆╢√╘⌐ⱳꜞⱴכ♫ⱡ

⌐ ⇔√  (PN-Por) ╩ ™╢↓≤≤⇔√⁹↓─ PN-Por│⁸ ─ Shiraishi╠⌐╟╡

↕╣√⁸PLA-PEG╩ ≤∆╢⁸ 83 nm ─ⱳꜞⱴכ♫ⱡ ⌐ PppIX-DME⅜ ↕╣

√ ≢⁸ ™ ≤ ⌂ ╩ ⇔⁸ ╩ ℮↓≤≢ ™

╩ ∆╢↓≤⅜ ↕╣≡™╢ 202,203)⁹ ⁸ⱳꜞⱴכ♫ⱡ ⇔√ ╩ ™√

⌂ ⌐╟∫≡ ╩ ⇔╟℮≤∆╢ ╖│⁸↓╣╕≢⌐ ↕╣≡™⌂™ ≢№╢⁹ 

 

2-b ─ ┼─  (PVT) ─  

 

 PDT ╩│∂╘≤⇔√ ─ │⁸ ─ 204)⁸ ⅛╠ ╕≢─

205)⁸ 206)≤™∫√ ₁⌂ ⌐╟∫≡╙⁸∕─ ⅜ ⅝ↄ ∆╢↓≤⅜ ╠╣≡™╢⁹∕
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↓≢ ≢│⁸B16⸗♦ꜟⱴ►☻⌐ ⇔≡ ₁⌂ ≢ ⌂ ╩ ⇔⁸∕─ ⌐ ⇔√

ⱳꜞⱴכ♫ⱡ ─ ╩ ∆╢↓≤⌐╟∫≡⁸ ⌂ ╩ ∆╢↓≤≤⇔√⁹ 

 ┼─ ⌐╟∫≡ ↕╣╢⁸ ╩│∂╘≤⇔√ ROS│⁸ ⅜ 10~320 ♫ⱡ

≤ ↄ⁸ ⌂ ⅜ ╘≡ ≢№╢↓≤⅛╠ 207)⁸ │⁸ⱳꜞⱴכ♫ⱡ ⅜ ⌐

≢ ∆╢⁸PN-Por 15 ⌐ ∆↓≤≤⇔√⁹ ─ ⌐ ⇔≡│ Fig. 18A⌐ ∆╟℮⌐⁸

│ 3~5 ⁸PN-Por │ 0.1~0.5 mg/kg (as PppIX-DME) ≤⇔√⁹∕⇔≡⁸B16⸗♦ꜟⱴ►☻⌐

⇔≡ ≢─ ╩ ⇔√ ⌐⁸[3H]-CHE ≢ ⇔√ⱳꜞⱴכ♫ⱡ  ([3H]-PLA PN) 

╩ ⇔⁸∕─ 24 ⌐⅔↑╢ ╩⁸ ◦fi♅꜠כ◦ꜛfi◌►fi♃כ⌐╟╡

⇔√⁹ ╩ 5 ⌐ ∫≡ ⇔√ ⌐ ╠╣√ ╩ⱤⱠꜟ B ⌐⁸3 ⇔√ ─ ╩ⱤⱠ

ꜟ C⌐ ∆⁹ 

Fig. 18 Tumor Disposition Amount of Subsequently Injected [3H]-PLA PN after Photodynamic Treatment 
for B16-bearing Mice 
Time schedule for photodynamic treatment and injection of [3H]-PLA PN (A).Tumor disposition amount of subsequently 

injected [3H]-PLA PN after light irradiation for 5 min (B) or 3 min (C). Results are expressed as the mean with the vertical 

bar showing S.D. (n = 3-4). ** p< 0.01; * p< 0.05, compared with Control group. 

 

 ╠╣√ ⅛╠⁸5 ⌐ ∫≡ ╩ ⇔√  (ⱤⱠꜟ B)⁸ ⌂ ⌐╟∫≡[3H]-

PLA PN─ ⅜ ∆╢ ╩ ⇔√╙──⁸™∏╣─ PN-Por ⌐⅔™≡╙ ⌂

⅜ ╘╠╣⌂⅛∫√⁹ ⁸ ╩ 3 ≤⇔√  (ⱤⱠꜟ C) ≢│⁸ ⌂ ╩ ⇔√

≡─ ⌐⅔™≡⁸[3H]-PLA PN─ ⅜⁸Control ╟╡╙ ⌐ ∆╢↓≤⅜ ╠⅛≤

⌂∫√⁹╕√⁸PN-Por ⅛╠ ╕≢─▬fi♃כⱣꜟ╩⁸3 ╕√│ 12 ≤⇔√ ≢│⁸[3H]-

PLA PN─ ─ ⅜ ∂⌂™↓≤╙ ↕╣√ (data not shown)⁹Vascular damage╩

≤⇔√PDT╩ ℮ ⌐│⁸ ╩ ⇔√ 1 ⌐ ╩ ∆ ⅜ ™↓≤⅛╠ 199,208,209)⁸

╩ ≤⇔√ ╩ ∆ ⌐╙⁸ ╩ ⇔√ ⁸ ╛⅛⌐ ╩ ∆ ⅜№╢≤
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↕╣√⁹ 

 ↓╣╠─ ⅛╠⁸PppIX-DME≤⇔≡ 0.1 mg/kg─ PN-Por╩ ⇔√ 15 ⌐⁸ ⌐ 3

⌐ ∫≡ ╩ ∆ ─ ╩⁸ ─ ┼─  (Photo-triggered tumor vascular 

treatment, PVT) ≤ ↑ (Fig. 19)⁸ ─ ≢ ™╢↓≤≤⇔√⁹ 

Fig. 19 Treatment Schedule of PVT 

 

2-c PVT≤♫ⱡ ╩ ⇔√ ─ B16⸗♦ꜟⱴ►☻⌐ ∆╢ ─  

 

≢│⁸B16⸗♦ꜟⱴ►☻⌐ PVT╩ ⇔√ ⌐⁸Yoshizawa╠⅜ ⇔√ PTX PEGꜞⱳ♁כ

ⱶ  (PL-PTX) ╩ ⇔⁸PVT⅜ PL-PTX─ ⌐ ╓∆ ╩ ∆╢↓≤≤⇔√⁹ ⁸PL-

PTX │ ╣√ ╩ ⇔⁸C26⸗♦ꜟⱴ►☻⌐ ⇔≡ ⌂ ╩ ∆↓≤⅜

↕╣≡™╢ 47)⁹ 

╕∏⁸B16⸗♦ꜟⱴ►☻⌐ ∆╢ PL-PTX ╩ ∆╢√╘⁸PTX⌐ ∆╢ B16 ─ ╩

⇔√⁹ │⁸96 ⱪ꜠כ♩ ≢ 12 ⇔√ ⅜╪ ⌐⁸ ─ PTX  (PTX╩ ↕

∑√ Cremophol® EL: Ethanol = 1:1 ) ╩ ⇔⁸ ⌐ 48 ⇔√ ≢MTT assay╩ ™⁸ ╠

╣√ ⅛╠⁸Hill  (Eq. 9) ╩ ™≡ IC50 ╩ ∆╢↓≤≢ ∫√ (Fig. 20)⁹ 

Fig. 20 IC50 Values of PTX in C26 and B16 Cells Assessed by MTT Assay 
Results are expressed as the mean with the vertical bar showing S.D. (n = 6-9). * p< 0.05. 

 

─ ⁸B16  (8.01 nM) │ PTX⌐ ⇔≡ C26  (2.93 nM) ─ 3 ⌐ ∆╢ ™ IC50

╩ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹∕↓≢⁸in vivo⌐⅔↑╢ B16⸗♦ꜟⱴ►☻┼─ PL-PTX │⁸↓

╣╕≢⌐ C26⸗♦ꜟⱴ►☻⌐ ™≡™√  (1 mg/kg as PTX)210)─ 3 ⌐ √╢⁸3 mg/kg (as PTX) ╩

™╢↓≤≤⇔√⁹╕√ │⁸ ⅜ 100 mm3 ⌐ ⇔√ ≢⁸B16⸗♦ꜟⱴ►☻⌐ PVT╩

⇔⁸∕─ ⌐ PL-PTX (3 mg/kg as PTX) ╩ ∆╢↓≤≢ ∫√⁹∕─ ⁸ ╩

⌐ ⇔√ ╩ Fig. 21⌐⁸∕↓⅛╠ ⇔√ ╩ Table 8⌐ ∆⁹ 
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Fig. 21 In Vivo Anti-tumor Activity of PL-PTX with or without PVT in B16-bearing Mice 
For monotherapy group, saline, PL-PTX or PVT was treated on day 0. For combination therapy 

group, PL-PTX was injected on day 0 immediately after PVT. Keys: open circle, Control (saline); 

open diamond, PL-PTX; gray diamond, PVT; closed circle, PL-PTX with PVT. Each point 

represents the mean tumor volume with the vertical bar showing S.D. (n = 3-5). ** p< 0.01; * p< 

0.05, compared with Control. ÀÀ p< 0.01; À p< 0.05, compared with PVT alone. 

 

 

Table 8 Growth Rates of B16 Tumors after Treatment 

The growth rate, representing the slope of tumor volume-time curve, was 

obtained from days 0 to 7 after treatment. Results are expressed as the 

mean ± S.D. (n = 3-5). ** p< 0.01, compared with Control. ÀÀ p< 0.01, 

compared with PVT alone. §§ p< 0.01, compared with PL-PTX. 

 

 ∕─ ⁸B16⸗♦ꜟⱴ►☻⌐ PVT ⁸╙⇔ↄ│ PL-PTX  (3 mg/kg as PTX) ≢─ ╩ ⇔√

─ │⁸Control ─ ≤ ≢№∫√─⌐ ⇔≡⁸PVT ⌐ PL-PTX╩ ⇔√

⌐⅔™≡│⁸ ⅜ ⌐ ↕╣╢↓≤⅜ ╠⅛≤⌂∫√ (p< 0.01)⁹↓─ │⁸PVT╩ ∆↓

≤≢ B16⸗♦ꜟⱴ►☻⌐ ∆╢♫ⱡ ─ ╩ ≢№╢↓≤╩ ∆╢╙─≢№∫

√⁹ 

 

2-d PVT≤♫ⱡ ╩ ⇔√ ─ C26⸗♦ꜟⱴ►☻⌐ ∆╢ ─  

 

≢ ═√╟℮⌐⁸ ─ │⅜╪ ⌐╟∫≡ ⌂╢√╘⁸PVT─ ╙⅜╪ ⌐╟∫≡

⌂╢ ⅜ ⅎ╠╣√⁹∕↓≢ ≢│⁸ ⅜ ™ C26⸗♦ꜟⱴ►☻ 47,211,212)⌐ ⇔≡╙ PVT

╩ ⇔⁸∕─ ⌐ ⇔√ PL-PTX─ ⌐ ╓∆ ╩ ∆╢↓≤≤⇔√ (Fig. 22 and Table 9)⁹

⁸PL-PTX─ │⁸ ─ 210)≤ ⁸1 mg/kg (as PTX) ⌐ ⇔√⁹ 
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Fig. 22 In Vivo Anti-tumor Activity of PL-PTX with or without PVT in C26-bearing Mice 
For monotherapy group, saline, PL-PTX or PVT was treated on day 0. For combination therapy group, 

PL-PTX was injected on day 0 immediately after PVT. Keys: open circle, Control (saline); open diamond, 

PL-PTX; gray diamond, PVT; closed circle, PL-PTX with PVT. Each point represents the mean tumor 

volume with the vertical bar showing S.D. (n = 3-5). ** p< 0.01; * p< 0.05, compared with Control. 

 

Table 9 Growth Rates of C26 Tumors after Treatment 

The growth rate, representing the slope of tumor volume-time curve, was 

obtained from days 4 to 16 after treatment. Results are expressed as the 

mean ± S.D. (n = 3-5). ** p< 0.01; * p< 0.05, compared with Control. 

 

╠╣√ ⅛╠⁸C26⸗♦ꜟⱴ►☻⌐ PVT ╕√│ PL-PTX ≢ ╩ ⇔√ ─

│ Control ╟╡╙ ⌐ ↕ↄ⌂╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔⅛⇔⌂⅜╠⁸PVT≤ PL-PTX╩ ⇔

√ ─ │⁸PVT ╟╡╙╦∏⅛⌐ ↕⅛∫√╙──⁸╒╓ ≢№╢↓≤⅜

↕╣√⁹ │⁸B16 ≤ C26 ⌐ ∆╢ PVT─ ⅜ ⌂╢↓≤╩ ∆╢╙─≢№∫√√╘⁸

Fig. 18≤ ─ ╩ C26⸗♦ꜟⱴ►☻⌐ ⇔≡╙ ℮↓≤≤⇔√ (Fig. 23)⁹∕─ ⁸PVT╩ ⇔≡

╙ C26 ┼─[3H]-PLA PN │ ∑∏⁸╗⇔╤ ∆╢ ⅜ ╘╠╣ (p = 0.2291)⁸PVT│⁸

C26⸗♦ꜟⱴ►☻⌐ ⇔≡ B16⸗♦ꜟⱴ►☻≤│ ⌂╢ ╩ ∆≤ ⅎ╠╣√⁹ 

Fig. 23 Effect of PVT on C26 Tumor Disposition of Subsequently Injected [3H]-PLA PN 
Results are expressed as the mean with the vertical bar showing S.D. (n = 4). 
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≢ ╠╣√ ⅛╠⁸PVT │⁸ ⅜ ™ B16⸗♦ꜟⱴ►☻⌐ ⇔≡│ ⇔√♫ⱡ

─ ╩ ∆╢ ╩ ∆ ⌂ ≤ ╡ ╢↓≤⅜ ↕╣√ ≢⁸ ⅜

™ C26⸗♦ꜟⱴ►☻⌐ ⇔≡│ PVT ≢ ™ ╩ ∆↓≤⅜ ╠⅛≤⌂╡⁸

─ ⌐╟∫≡ PVT ─ ⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣√⁹∕↓≢ ⅛╠│⁸⅜╪ ⌐

╟∫≡ PVT─ ⅜ ⌂∫√ ╩ ╠⅛≤∆╢√╘⁸ ⸗♦ꜟⱴ►☻⌐⅔↑╢ PVT─ ╩ ⌐

∆╢↓≤≤⇔√⁹ 

 

3  B16⸗♦ꜟⱴ►☻⌐ ∆╢ PVT─ ⌐ ∆╢  

 

 ─ ⌐╟╡⁸ ⅜ ™ B16⸗♦ꜟⱴ►☻⌐⅔™≡│⁸PVT╩ ∆╢↓≤≢ PL-PTX─

⅜ ⌐ ↕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹∕↓≢ ≢│⁸ ⅜ ∂√ⱷ◌♬☼ⱶ╩

∆╢√╘⁸PVT⅜⁸ ⌐ ⇔√♫ⱡ ─ ⁸ ┘⌐ ─

⌐ ╓∆ ╩ ∆╢↓≤≤⇔√⁹ 

 

3-a PVT ⌐ ⇔√ PEGꜞⱳ♁כⱶ─ ─  

 

 Fig. 18≢│ⱳꜞⱴכ♫ⱡ ─ B16 ┼─ ⅜ PVT⌐╟∫≡ ⌐ ∆╢↓≤╩ ╠⅛≤⇔

√⅜⁸Fig. 21≢│ PL-PTX╩ ™≡⁸PVT⅜⁸∕─ ⌐ ╓∆ ╩ ⇔√⁹ⱳꜞⱴכ♫ⱡ

─ ⅜ 80 nm≢№╢─⌐ ⇔≡ 152)⁸PL-PTX─ │ 100 nm≢№╢↓≤⅛╠ 47)⁸ ≢│⁸

⌐ ╩ ⇔√ ⌐ ™√ PL-PTX─ ⌐ ⇔≡ PVT⅜ ╓∆ ╩ ∆

╢↓≤≤⇔√⁹ │⁸ ⅜ 300 mm3 ≤⌂∫√ B16⸗♦ꜟⱴ►☻⌐ PVT╩ ⇔√ ⌐⁸[3H]-

CHE≢ ⇔√ PEGꜞⱳ♁כⱶ╩ ⇔⁸∕─ 24 ⌐⅔↑╢ ╩ ◦

fi♅꜠כ◦ꜛfi◌►fi♃כ⌐╟╡ ∆╢↓≤≢ ∫√ (Fig. 24)⁹ 

Fig. 24 Effect of PVT on B16 Tumor Disposition of Subsequently Injected PEG Liposomes at 24 hr 
after Injection 
Results are expressed as the mean with the vertical bar showing S.D. (n = 8-13). * p< 0.05. 

 

╠╣√ ⅛╠⁸B16 ⌐ PVT╩ ∆≤⁸PEGꜞⱳ♁כⱶ ⅜ Control ─ 1.4 ⌐╕≢

⌐ ∆╢↓≤⅜ ╠⅛≤⌂∫√ (p< 0.05)⁹↓─↓≤⅛╠⁸ ⌐⅔™≡ ╘╠╣√⁸PVT ╩ ∆

╢↓≤⌐╟╢ PL-PTX─ ─ ⌂ │⁸B16 ┼─ PL-PTX ⅜ PVT⌐╟∫≡

⇔√↓≤⅜ ⇔≡™╢≤ ↕╣√⁹ 
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3-b PVT ⌐ ⇔√ PEGꜞⱳ♁כⱶ─ ⅛╠─ ─  

 

 ⌐⁸ ≢ ╘╠╣√ B16 ┼─ PEGꜞⱳ♁כⱶ ─ ⅜⁸PVT⌐╟∫≡ ⅜

⇔√↓≤⌐ ∆╢⅛ ⅛╩ ∆╢↓≤≤⇔√⁹ │⁸ ⅜ 400 mm3 ⌐⌂∫√ B16⸗♦

ꜟⱴ►☻⌐ PVT╩ ⇔√ ⌐⁸DiI (1,1ô-dioctadecyl-3,3,3ô,3ô-tetramethyl-indocarbocyanine perchlorate) ≢

ꜞfi ╩ ⇔√ PEGꜞⱳ♁כⱶ (DiI -PL, ) ╩ ⇔⁸∕─ 15 ⌐

⇔√ ╩⁸ ≢ ∆╢↓≤⌐╟╡ ∫√⁹∕─ ⁸ ─ⱴכ◌כ

≢№╢ CD31╩ ⌐  ( ) ⇔⁸ ⌐ ∆╢ PEGꜞⱳ♁כⱶ│ ≢⁸ ┼

⇔≡ ⌐ ⇔√ PEGꜞⱳ♁כⱶ│ ≢ ↕╣╢╟℮⌐∆╢↓≤≢⁸ ╩ ≤

⇔√⁹ ╠╣√ ⌂ ╩ Fig. 25A⌐⁸ ⌐⅔↑╢ ⌐ ⇔√ PEGꜞⱳ♁כⱶ (

) ─ ╩ ⇔≡ √ ╩ Fig. 25B⌐ ∆⁹ ⁸CD31 (Cluster of differentiation 31; 

 (Platelet endothelial cell adhesion molecule-1, PECAM-1)) │ ☺ꜗfi◒◦ꜛfi ⌐

⇔≡™╢ ♃fiⱤ◒ ─ ≈≢⁸ ⌐ ⇔≡™╢↓≤⅛╠ ╩ ∆

╢ ⌐ ⌐ ↕╣╢ⱴכ◌כ ≢№╢ 213)⁹╕√ DiI │⁸2≈─ ╩ ∆╢◌ꜟⱲ◦▪♬

fi ─ ≢⁸ꜞfi ⌐ ⇔√ ≢ ™ ╩ ∆╢↓≤⅛╠⁸ ╛ꜞⱳ♁כ

ⱶ ╩ ∆╢ ⌐ ↕╣╢ 214,215)⁹ 

Fig. 25 Effect of PVT on Extravasation of Subsequently Injected DiI-PL within B16 Tumors 
at 15 min after Injection 
(A) Representative images of intratumoral distribution pattern of DiI-PL within Control tumor and tumor 

excised at 15 min after PVT. Fluorescence immunostaining was performed for CD31. Extravasated DiI-PL, 

red; vascular endothelial cells (CD31), green; scale bars, 100 ɛm. (B) Quantitative evaluation of 

extravasated DiI-positive area (red) within tumor tissues. Results are expressed as the mean with the 

vertical bar showing S.D. (n = 12-14). *** p< 0.001. 

 

╠╣√ ⅛╠⁸PVT╩ ⇔√ B16 ⌐│⁸ ┼ ⇔√ PEGꜞⱳ♁כⱶ ( ) ⅜ Control

╟╡╙ ⌐ ↄ ↕╣√⁹╕√ ⅛╠╙⁸ ⌐ ⇔√ PEGꜞⱳ♁כⱶ─ │⁸

PVT ─ ⅜ Control ╟╡╙ ⌐ ⅝ↄ⁸∕─ │ 3 ⌐╙ ┬↓≤⅜ ╠⅛≤⌂╡⁸PVT⌐

╟∫≡ B16 ─ ⅜ ⇔√↓≤⅜ ↕╣√⁹↓─↓≤⅛╠⁸PVT⌐╟╢ PL-PTX─

⌐│⁸ ─ ⌐ ⇔√⁸PL-PTX─ ┼─ ⁸ ┘

⌐⁸PL-PTX─ ⌐⅔↑╢ ─ ⅜ ⇔≡™╢≤ ↕╣√⁹ 


