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㸯 ࡟ࡵࡌࡣ 

ᵓ㐀Ⰽ䛸䛿䠈䝁䞁䝟䜽䝖䝕䜱䝇䜽䜔䝅䝱䝪䞁⋢䛾䜘

䛖䛻ᚤ⣽䛺ᵓ㐀䜢䜒䛴䛣䛸䛻䜘䜚ⓎⰍ䛩䜛⌧㇟䛷䛒

䜛䠊ᵓ㐀Ⰽ䛿䛭䛾≀㉁䛾ᣢ䛴Ⰽ⣲䛾Ⰽ䛸䛿␗䛺䛳

䛯ⓎⰍ䜢䛧䠈ග䜶䝛䝹䜼䞊䜢ኻ䜟䛺䛔䠈䛛䛴㔜㔠

ᒓ䜢⏝䛔䛺䛔䛸䛔䛖≉ᚩ䛜ᣲ䛢䜙䜜䜛 1)䠊⮬↛⏺䛷

ᵓ㐀Ⰽ䜢♧䛩䜒䛾䛸䛧䛶䛿┿⌔䜔㈅䛾┿⌔ᒙ䛜䛒

䜚䠈䛣䜜䜙䛾୺ᡂศ䛿Ⅳ㓟䜹䝹䝅䜴䝮䛷䛒䜛 1)䠊㈅

䛾┿⌔ᒙ䛷䛿㛗䛥 0.5- 20䃛m䠈ཌ䛥 0.3- 1.5䃛m

⛬ᗘ䛷䛒䜚䠈䛣䛾኱䛝䛥䛿ග䛾Ἴ㛗䛻㏆ఝ䛩䜛䛯

䜑ග䛾ᖸ΅䜢ཷ䛡䠈ᵝ䚻䛺Ⰽ䜢䜏䜛䛣䛸䛜䛷䛝䜛
1),2)䠊䜎䛯䠈஧㓟໬䜿䜲⣲䛾⌫≧⢏Ꮚ䜒ᵓ㐀Ⰽ䜢♧

䛩䛣䛸䛜▱䜙䜜䛶䛔䜛䠊䛯䛸䛘䜀䠈⢏ᚄ 280nm䛷䛿

⥳䠈360nm 䛷䛿㉥⣸䛻䛺䜛䛺䛹䛾ሗ࿌䛜䜏䜙䜜䜛
3)䠊䝫䝸䝇䝏䝺䞁䛺䛹䛷䜒ྠᵝ䛾ᵓ㐀Ⰽ䜢♧䛩 4)䠊䜎

䛯䠈ᵓ㐀Ⰽ䛿䠈⢏ᚄ䠈⢏Ꮚ㛫㊥㞳䠈ᒅᢡ⋡䠈㓄⨨䠈

ゅᗘ䠈⢏Ꮚ䛾Ⰽ䛚䜘䜃ᙧ≧䛻౫Ꮡ䛩䜛䛣䛸䛜▱䜙

䜜䛶䛔䜛 5)䠊 

Ⅳ㓟䜹䝹䝅䜴䝮䛿䠈་⸆ရ䜔䝥䝷䝇䝏䝑䜽䠈䝂䝮䛾

ῧຍ๣䛺䛹䛾ศ㔝䛷ᗈ䛟฼⏝䛥䜜䛶䛚䜚䠈䜹䝹䝃

䜲䝖䠈䜰䝷䝂䝘䜲䝖䛚䜘䜃䝞䝔䝷䜲䝖䛾 3 䛴䛾⤖ᬗከ

ᙧ䛜Ꮡᅾ䛩䜛 6)䠊䛣䜜䜙 3 䛴䛾ከᙧ䛿䠈䛭䜜䛮䜜

␗䛺䜛⢏Ꮚᙧែ䜢䜒䛱䠈䜹䝹䝃䜲䝖䛿⣳㗽≧䜔⳻

㠃య,䜰䝷䝂䝘䜲䝖䛿ᰕ≧䠈䝞䝔䝷䜲䝖䛿⌫≧䛚䜘䜃

ᯈ≧䛾⢏Ꮚᙧ≧䛸䛺䜛.䛭䛾䛯䜑,せồ䛥䜜䜛ᙧ≧

䛿⏝㏵䛤䛸䛻␗䛺䜛䠊┿⌔ᒙ䛾Ⅳ㓟䜹䝹䝅䜴䝮䛾

ᙧែ䛿䜰䝷䝂䝘䜲䝖䛸䛔䜟䜜䛶䛔䜛䛜䠈䜰䝷䝂䝘䜲䝖

䛾ᯈ≧⤖ᬗ䜢⏕ᡂ䛥䛫䛯౛䛿䛺䛔䠊䛣䜜䛻ᑐ䛧䛶䠈

䝞䝔䝷䜲䝖䛷䛿䛣䜜䜎䛷⌫≧䛚䜘䜃ᯈ≧⤖ᬗ䛾ྜ

ᡂ䛜ሗ࿌䛥䜜䛶䛔䜛 7䠅䠊➹⪅䜙䛿䛩䛷䛻䠈Ỉ㓟໬

䜹䝹䝅䜴䝮䇲஧㓟໬Ⅳ⣲⣔཯ᛂ䛻䜘䜚䝰䝜䜶䝍䝜䞊

䝹䜰䝭䞁䠄MEA䠅䜢⏝䛔䜛䛣䛸䛷䠈ᚤ⣽䛺⌫≧䝞䝔䝷

䜲䝖༢୍┦䛾ྜᡂ䛻䛴䛔䛶ሗ࿌䛧䛶䛔䜛 8),9)䠊䛥䜙

䛻䠈Ⅳ㓟Ỉ⣲䜹䝹䝅䜴䝮Ỉ⁐ᾮ䜢ຍ⇕䛩䜛䛣䛸䛻

䜘䜚භゅᯈ≧䝞䝔䝷䜲䝖䛜⏕ᡂ䛩䜛䛣䛸䜒ሗ࿌䛧䛶

䛔䜛 10)䠊䛣䛾䜘䛖䛻䠈䝞䝔䝷䜲䝖䛿ᯈ≧䛚䜘䜃⌫≧䛾

ᙧែ䜢⏕ᡂ䛩䜛䛻䛿㐺䛧䛯ᙧែ䛷䛒䜛䠊䛧䛛䛧䠈ྜ

ᡂ䛥䜜䛯䝞䝔䝷䜲䝖䛜ᵓ㐀Ⰽ䜢♧䛧䛯౛䛿䛺䛔䠊䛭

䜜䛿ᖹᆒ⢏ᚄ䛜 1䃛m ௨ୗ䛾䝞䝔䝷䜲䝖༢୍┦䛾

ྜᡂ౛䛜☜❧䛥䜜䛶䛔䛺䛔䛣䛸䠈ᚤ⣽䛺⤖ᬗ䜢ᆒ

୍䛻୪䜉䜙䜜䛺䛔䛯䜑䛷䛒䜛䠊๓ሗ䛻䛚䛔䛶䠈

MEA Ỉ⁐ᾮ⃰ᗘ䠈 ᗘ䜢ไᚚ䛩䜛䛣䛸䛻䜘䜚䠈ᖹ

ᆒ⢏ᚄ 0.66䡚㻝㻚㻢㻡㽀㼙 䛾䝞䝔䝷䜲䝖༢୍┦䛾ྜᡂ

䛻ᡂຌ䛧䛶䛚䜚䠈ᖹᆒ⢏ᚄ 㻝㻚㻢㻡㽀㼙௨ୗ䛾䝞䝔䝷䜲

䝖༢୍┦䛷ᵓ㐀Ⰽ䛜Ⓨ⌧䛧䛯䠊䛧䛛䛧䠈ⓎⰍ䛾⃰䛥

䜔Ⰽ䛻䜐䜙䛜䛒䛳䛯 11)䠊䛭䛣䛷,ᮏ◊✲䛷䛿䠈0.66

䃛m 䛾⢏ᚄ䛻ไᚚ䛧䛯ᴃ෇⌫≧䝞䝔䝷䜲䝖䜢⏝䛔

䛶ᵓ㐀Ⰽ䜢Ⓨ⌧䛩䜛䛣䛸䜢┠ⓗ䛸䛧䠈ᵓ㐀Ⰽ䛾Ⓨ

Ⰽ䛻ཬ䜌䛩䝞䝔䝷䜲䝖⤖ᬗ䛾⢏ᚄ䠈ᠱ⃮ᾮ⃰ᗘ䛚

䜘䜃ᘬ䛝ୖ䛢㏿ᗘ䛾ᙳ㡪䛻䛴䛔䛶᳨ウ䜢⾜䛳䛯䠊 

 

㸰 ヨᩱ䛚䜘䜃ᐇ㦂᪉ἲ 

2.1 ヨ ᩱ 

࣒࢘ࢩ㸪Ỉ㓟໬࢝ࣝࡣ࡟ᡂྜࡢࢺ࢖ࣛࢸࣂ 

(⣧ᗘ 96㸣)࣑ࣥ࢔࣮ࣝࣀࢱ࢚ࣀࣔࡧࡼ࠾(MEA)㸪

(⣧ᗘ 99㸣)࠸⏝ࢆ㸪ࡢࡽࢀࡇヨ⸆ࡣ㛵ᮾ໬Ꮫ♫

〇࡛ࡿ࠶㸬ࡓࡲ㸪Ⅳ㓟໬ࡢࡵࡓࡢ஧㓟໬Ⅳ⣲࢞

⣧ᗘ)ࢫ 99.95㸣)ࡣ࡟㸪ᕮၟ఍♫〇ࡓ࠸⏝ࢆ㸬

⣧ᗘ)ࣥࢺࢭ࢔ࡓ࠸⏝࡟፹⁐ࡢࢺ࣮ࢥࣉࢵ࢕ࢹ

99㸣)ࡣ㛵ᮾ໬Ꮫ〇࡛ࡿ࠶㸬 

2.2 ᐇ 㦂 ᪉ ἲ 

2.2.1 ᴃ෇⌫≧ྜࡢࢺ࢖ࣛࢸࣂᡂ 

8 mol㺃dm-3࡟ㄪ〇ࡓࡋ MEAỈ⁐ᾮ 100 ੉㸱࡟

ᑐ࡚ࡋỈ㓟໬࢝ࣝࢆ࣒࢘ࢩ 0.05 mol ῧຍࡋ㸪

0.5 mol㺃dm-3Ỉ㓟໬࣒࢝ࣝ࢘ࢩᠱ⃮ᾮࢆㄪ〇ࡋ

ࢆᗘ ࡢᠱ⃮ᾮࡢࡇ㸬ࡓ 55Υ࡟Ỵᐃࡋ㸪300 rpm

ࢆࢫ㸪100㸣CO㸰࢞ࡽࡀ࡞ࡋࢇࡣࡃ࠿࡛ 500 cm3㺃

min-1࡛࢞ࣛ20࡚࠸⏝ࢆ࣮ࢱࣝ࢕ࣇ࣮ࣝ࣎ࢫ ศ

㛫྿ࡁ㎸࡛࡜ࡇࡴⅣ㓟࣒࢝ࣝ࢘ࢩᠱ⃮ᾮࢆస

〇ࡓࡋ㸬ࡢࡇᠱ⃮ᾮࢆ 10000 rpm࡛ 2ศ㛫㐲ᚰ

ศ㞳࠸⾜ࢆ㸪ࡢࡑᚋࢁ㐣㸪Ὑίࡾࡼ࡟࡜ࡇࡿࡍ㸪

ᴃ෇≧ࢆࢺ࢖ࣛࢸࣂᚓࡓ㸬ᚓࡓࢀࡽヨᩱࣕ࢟ࡢ

㸪Xࡣࣥࣙࢩ࣮ࢮࣜࢱࢡࣛ ⥺ᅇᢡ㸪࣮ࣞࢨᅇᢡ

ᘧ⢏ᗘศᕸ ᐃ㸪࣐ ㉮ᰝࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖

ᆺ㟁Ꮚ㢧ᚤ㙾㸦SEM㸧ࡓࡗ⾜࡚࠸⏝ࢆ㸬 

2.2.2 ᵓ㐀ⰍࡢⓎ⌧᪉ἲ 

ヨᩱࢆࣥࢺࢭ࢔࡟ῧຍ࡚ࡋᠱ⃮ᾮ⃰ᗘࢆ 0.01-

0.12㸣࡟ㄪᩚࡋ㸪 45kHzࡢ㉸㡢ἼὙίჾ࠸⏝ࢆ

ࢆ㉸㡢Ἴ࡟ᠱ⃮ᾮࡢࡇ࡚ 5ศ㛫↷ᑕࢸ࣮ࢥ࡚ࡋ

࣮ࢥࣉࢵ࢕ࢹ㸬ࡓࡋస〇ࢆᾮ㸦ᠱ⃮ᾮ㸧ࢢࣥ࢕

ࢢࢻ࢖ࣛࢫ)ᯈࢫࣛ࢞ࢻ࢖ࣛࢫ࡟࠿ࡸ㏿㸪ࡣࢺ

ᘬ࡚ࡏࡉᾐₕ࡟ᠱ⃮ᾮࢆ(ᯇᾉ◪Ꮚ⫼〇 ࢫࣛ

ᗘ㏿ࡆୖࡁ 3-25cm㺃s-1࡛ᘬࡓࡆୖࡁ㸬᭱ࢆࢀࡇ

኱ 40 ᅇ⧞ࡾ㏉ࡋ㸪ࡓࡗ⾜ࢆࢺ࣮ࢥࣉࢵ࢕ࢹ㸬
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ᵓ㐀Ⰽࡢ෗┿ࡣ iphone XR࡚࡟᧜ᙳࡓࡋ㸬࠾࡞㸪

ࡇ㸬ࡍ♧࡟ᅗ㸯ࢆࣝࢺࢡ࣌ࢫⓎගࡢ※ගࡓ࠸⏝

ࢃྜࡳ⤌ࡢ㯤Ⰽ࡜㟷Ⰽ࡜ࡿࡳࢆࣝࢺࢡ࣌ࢫࡢ

 㸬ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡗ࡞࡜␲ఝⓑⰍ࡛ࡏ

㸱 ⤖ᯝࡧࡼ࠾⪃ᐹ 

3.1 ᠱ⃮ᾮ⃰ᗘࡢᙳ㡪 

㸪ྜࡎࡲ  ᡂࡓࡋᖹᆒ⢏ᚄ 0.66ȣm࢖ࣛࢸࣂࡢ

ࡢࢺ SEM෗┿ࢆᅗ ࡣ㸬ᖹᆒ⢏ᚄࡍ♧࡟2 0.66ȣ

m ࡗ࠶࡛≦⌫ᴃ෇ࡓࡗ࡞࡜ࡽᖹࡀ㸪ୖୗࡾ࠶࡛

ࡣ๭ྜࡢᚄ▷ࡿࡍᑐ࡟㸪㛗ᚄ࠾࡞㸬ࡓ ࠶0.7࡛

㸪X࠾࡞㸬ࡓࡗ ⥺ᅇᢡ࡛ࡢࢺ࢖ࣛࢸࣂࡣ༢୍┦

ศᕸࡾ࡞࠿ࡣ㸪⢏ᗘศᕸ࡛ࡋㄆ☜ࢆ࡜ࡇࡿ࠶࡛

ᖜࡓࡗ࠶࡛ࡢࡶ࠸⊂ࡢ㸬 

ᴃ෇⌫≧࡚࠸⏝ࢆࢺ࢖ࣛࢸࣂᠱ⃮ᾮ⃰ᗘࢆ

0.01㹼0.12㸣࡟ㄪᩚࡗ⾜ࢆࢺ࣮ࢥࣉࢵ࢕ࢹࡋ

㸬ᅗࡓ ࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹᠱ⃮ᾮ⃰ᗘ࡛ྛ࡟3

ࡢ㏱㐣ගࡢ㝿ࡓࡋᑕ↷ࢆගࡽ࠿ୗࡢᯈࢫࣛ࢞

෗┿ࡍ♧ࢆ㸬࠾࡞㸪ࢺ࣮ࢥࣉ࢕ࢹᅇᩘࡣ 30 ᅇ

㸬ᠱ⃮ᾮ⃰ᗘࡓࡋ࡜ 0.01㸣࡛ࡣගࡢ୰ᚰࡽ࠿እ

ኚ໬࡟⥳㸪㯤㸪㉥㸪㟷㸪ࡣᵓ㐀Ⰽ࠸క࡟ࡿ࡞࡟

☜᫂ࡣ⌧Ⓨࡢ㸪ᵓ㐀Ⰽࡽࡀ࡞ࡋ࠿ࡋ㸬ࡓ࠸࡚ࡋ

㸬ᠱ⃮ᾮ⃰ᗘ(a)ࡓࡗ࠿࡞ࡣ࡛ 0.04㸪0.06㸣࡛

㸪ࡀࡓ࠸࡚ࡋⓎⰍࡃ࡚⃰ࡋẚ㍑࡜㸦a㸧ࡀᵓ㐀Ⰽࡣ

0.04㸣ྛࡀ࠺࡯ࡢⰍࡢቃ┠࠾࡚ࡋࡾࡁࡗࡣࡀ

㸦(b),(c)㸧㸬ᠱ⃮ᾮࡓࡗ࠶࡛⌧Ⓨ࠸ᙉࡾࡼ㸪ࡾ

⃰ᗘ 0.12㸣࡛ࡣᵓ㐀ⰍࡢⓎ⌧ࡣ୙᫂░ࡗ࡞࡜

 㸬(d)ࡓ

 

ᅗ ࢡ࢖࣐ࢆᯈ⾲㠃ࢫࣛ࢞ࢻ࢖ࣛࢫࡢヨᩱ࡟4

ࡧࡼ࠾ࣉ࣮ࢥࢫࣟ SEMほᐹࡓࡋ෗┿ࡍ♧ࢆ㸬ࡲ

ࡢ㸪ᠱ⃮ᾮ⃰ᗘࡣ࡛┿෗ࣉ࣮ࢥࢫࣟࢡ࢖㸪࣐ࡎ

ቑ኱࡟క࠸㸪࢞ ࠸࡚ࡗ࡞ࡃከࡀ⢏Ꮚࡢᯈୖࢫࣛ

ࡀ࡞ࡋ࠿ࡋ㸬((d)-(a)ࡓࢀࡉほᐹ࡟☜᫂ࡀࡢࡿ

ࢀࡇ㸪ࢀࡉほᐹࡃከࡀ㒊ศ࠸ⓑࡣ㸪0.12㸣࡛ࡽ

ࡉ㸬(d)ࡿ࠶࡛ࡵࡓࡓ࠸࡚ࡗ࡞㔜ࡀᬗྠኈ⤖ࡣ

㸬ࡓࡗ⾜ࢆ㸪SEMほᐹࡵࡓࡿࡍほᐹ࡟㸪ヲ⣽࡟ࡽ

SEM෗┿࡜ࡿࡳࢆ㸪ᠱ⃮ᾮ⃰ᗘ 0.01㸣࡛ࡣ㸪ࣂ

ᑡ࡟㠀ᖖࡀ╔௜ࡢ࡬ᯈࢫࣛ࢞ࡢᬗ⤖ࢺ࢖ࣛࢸ

ῶࡀ΅ᖸࡢගࡿࡼ࡟㸪⢏Ꮚࡵࡓࡢࡇ㸬ࡓࡗ࠿࡞

ᑡࡋ㸪ࡾࡼ࡟ࢀࡇᵓ㐀Ⰽࡿࢀࡽ࠼⪄࡜࠸ⷧࡀ

(e)㸬ᠱ⃮ᾮ⃰ᗘ 0.04㸣࡛ࡣ㸪⤖ᬗࡢ௜╔ࡀቑ

⃰ࡀᵓ㐀Ⰽࡾࡼ࡟ࢀࡑ㸪ࡋቑຍࡀᩓ஘ࡢ㸪ග࠼

㸪ᠱ⃮ᾮ⃰ࡋ࠿ࡋ㸬(f)ࡿࢀࡽ࠼⪄࡜ࡓࡋ⌧Ⓨࡃ

ᗘ 0.06㸣࡛ࡣ௜╔ࡓࡋ⢏Ꮚࡀⴠୗࡗࡲࡋ࡚ࡋ

ࡣ㸪⢏Ꮚᩘ࠿ࡢࡓ 0.04㸣ࡾࡼᑡࡓ࠸࡚ࡗ࡞ࡃ࡞

 

)LJ���(PLVVLRQ�VSHFWUXP�RI�OLJKW�VRXUFH� 
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)LJ���6(0�SKRWRJUDSK�RI�VSLQGOH�VSKHULFDO�YDWHULWH�ZLWK�
DYHUDJH�SDUWLFOH�VL]H�RI�����ȝP� 

1 ȣP

 
 

)LJ���3KRWRJUDSKV�RI�VDPSOHV�FKDQJLQJ�FRQFHQWUDWLRQ�
RI�VXVSHQVLRQ� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
6XVSHQVLRQ�FRQFHQWUDWLRQ���㸣 
�D��������E��������F��������G������ 
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(g)㸬ᠱ⃮ᾮ⃰ᗘ 0.12㸣࡛ࡣ⤖ᬗࡳ✚ࡀ㔜ࡗ࡞

࡚จ㞟యࢫ࡚ࣛ࢞ࡋ࡜ᯈ࡟௜╔ࡓ࠸࡚ࡋ(h)㸬

ࡼ࡟࡜ࡇࡿࡆጉࢆ㏱㐣ࡢගࡀ㸪จ㞟యࡕࢃ࡞ࡍ

 㸬ࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞ࡃⷧࡀ㸪ᵓ㐀Ⰽࡾ

 

 ᙳ㡪ࡢᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹ3.2

ᖹᆒ⢏ᚄ 0.66ȣmࡢᴃ෇≧࠸⏝ࢆࢺ࢖ࣛࢸࣂ

࡚㸪ɔ 㐀ⰍࡢⓎ⌧࡟ཬࢺ࣮ࢥࣉࢵ࢕ࢹࡍࡰᅇᩘ

㸬ᅗࡓࡋウ᳨࡚࠸ࡘ࡟ᙳ㡪ࡢ ࢥࣉࢵ࢕ࢹྛ࡟5

ࢆ┿෗ࡢᵓ㐀Ⰽࡓࢀࡉほᐹ࡚࠸࠾࡟ᅇᩘࢺ࣮

㸬1ࡍ♧ ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱ࡛ࡣ඲యⓗ

㸬10(a)ࡓࢀࡉほᐹࡀᵓ㐀Ⰽ࠸㯤Ⰽ࡟ ᅇ⾜ࡓࡗ

ヨᩱ࡛ࡣ 1ᅇࡢヨᩱࡶࡾࡼ㯤Ⰽ࿡ࡀᙉࡃⓎ⌧ࡋ

࡚ࡡ㔜ࢆ㸪ᅇᩘ࡟ࡽࡉ㸬(b)ࡓ࠸࡚ 30ᅇ⾜ࡓࡗ

ヨᩱ࡛ࡣ㸪ෆഃࡽ࠿㯤㸪㉥㸪⣸ࡢ⥳࡚ࡋࡑ㡰࡟

ᵓ㐀Ⰽࡀᙉࡃほᐹࡓࢀࡉ(c)㸬ࡋ࠿ࡋ㸪40 ᅇࢹ

ⷧ࡟࠿ࡎࢃࡀᵓ㐀Ⰽࡣヨᩱࡓࡋࢺ࣮ࢥࣉࢵ࢕

 㸬(d)ࡓࡗ࡞ࡃ

ᅗ ࢖ࣛࢫࡓࡗ⾜ࢆᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹྛ࡟6

ࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖࣐ࡢᯈ⾲㠃ࢫࣛ࢞ࢻ SEM

ほᐹࡓࡋ෗┿ࡍ♧ࢆ㸬1 ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹ

ヨᩱ࡛ࢺ࢖ࣛࢸࣂࡣ⤖ᬗ࡟ࢫࣛ࢞ࢻ࢖ࣛࢫࡀ

ࡑ㸬(e)ࡓࢀࡉほᐹࡀࡢࡿ࠸࡚ࡋ╔௜࡟ࡽࡤࡲ

ࡀ⌧Ⓨࡢ㸪ᵓ㐀Ⰽ࡚ࡋῶᑡࡀ΅ᖸࡢ㸪ගࡵࡓࡢ

ᙅ࡜ࡓࡗ࠿᥎ᐹࡓࡋ㸬10ᅇ⾜ࡓࡗヨᩱ࡛ࡣ 1ᅇ

ࡓ࠸࡚ࡋ╔௜ࡀᬗ⤖ࡢࡃከࡶࡾࡼヨᩱࡓࡗ⾜

㸪⤖ᬗࢀࡽࡳࡶᡤ⟠࠸࡞࠸࡚ࡋ╔௜ࡀ㸪⤖ᬗࡀ

㸬30(f)ࡓࡗ࠶୙ᆒ୍࡛ࡀ௙᪉ࡢ╔௜ࡢ ᅇ⾜ࡗ

ࡓࡗ࠶ࡶ㒊ศ࠸࡞࠸࡚ࡋ╔௜ࡶఱࡣヨᩱ࡛ࡓ

ࡢࡑ㸬(g)ࡓ࠸࡚ࡋ╔௜ࡀᬗ⤖࡟ᐦ⦔ࡾ࡞࠿ࡀ

㸬ࡿࢀࡽ࠼⪄࡜ࡓࡗࡲᙉࡀ⌧Ⓨࡢ㸪ᵓ㐀Ⰽࡵࡓ

40 ᅇ⾜ࡓࡗヨᩱ࡛ࡣ⤖ᬗྠኈࡀ㔜ࡓࡗ࡞㒊ศ

࡞ࡃⷧࡀᵓ㐀Ⰽ࡚ࡋ஘཯ᑕࡾࡼ࡟ࢀࡑ㸪ࡃከࡀ

 㸬(h)ࡿࢀࡽ࠼⪄࡜ࡓࡗ

3.3 ᵓ㐀ⰍࡢⓎ⌧࡟ཬࢺ࣮ࢥࣉࢵ࢕ࢹࡍࡰ    

㏿ᗘࡢᙳ㡪 

㸪ɔ࡟ࡂࡘ 㐀ⰍࡢⓎ⌧࡟ཬ࣮ࢥࣉࢵ࢕ࢹࡍࡰ

㸬ᅗࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ᙳ㡪ࡢᗘ㏿ࢺ ྛ࡟7

ᖹᆒ㏿ᗘ࡛ࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱࡢ෗┿ࢆ

ࡣᅇᩘࢺ࣮ࢥࣉࢵ࢕ࢹࡶヨᩱࡢࢀࡎ࠸㸬ࡍ♧ 30

ᅇ࡛ࡿ࠶㸬᭱ࡶ㏿ᗘ࠸㏿ࡀᖹᆒ㏿ᗘ 25 cm㺃s-1 

ᆒࡀ㸪⤖ᬗࡎࢀࡽࡳࡣࡾ࡞㔜ࡢࡋ࠺࡝ᬗ⤖ࡣ࡛

㸪ࡽ࠿ෆഃࡓࡲ㸪ࢀࡉほᐹࡀࡢࡿ࠸࡚ࡋ╔௜࡟୍

㯤㸪㉥㸪㟷㸪⥳ࡢᵓ㐀Ⰽࡃ⃰ࡀⓎⰍࡓࡋ(a)㸬ᖹ

ᆒ㏿ᗘ 5.0 cm㺃s-1 ࡜ࡿ࡞࡟㸪⤖ᬗࡀ㔜ࡓࡗ࡞

ⓑࡓࡗ࡞࡟࠺ࡼࡿࢀࡽࡳࡀ➽࠸㸬ࡓࡲ㸪ෆഃ࠿

࠿ࡋ㸬(b)ࡓࡁㄆ࡛☜ࡀᵓ㐀Ⰽࡢ㸪㉥㸪㯤㸪㟷ࡽ

㐜ࡶ㸬᭱ࡓࡗ࡞࡟᭕᫕ࡀ┠ቃࡢ㸪ྛⰍࡽࡀ࡞ࡋ

ᖹᆒ㏿ᗘ࠸ 3.3 cm㺃s-1࡛ࡣ㸪ⓑࡀ➽࠸ከࡃほᐹ

 
)LJ��� 6(0� DQG� RSWLFDO� PLFURVFRSH� LPDJHV� RI�
VDPSOHV� V\QWKHVL]HG� FKDQJLQJ� FRQFHQWUDWLRQ� RI�
VXVSHQVLRQ�  $YHUDJH� SDUWLFOH� VL]H�� ����ȝP� 
6XVSHQVLRQ�FRQFHQWUDWLRQ���㸣 
�D����H���������E����I����������F����J���������G����K������ 

 
 
)LJ���3KRWRJUDSKV�RI�VWUXFWXUDO�FRORU�GHYHORSHG�DW�HDFK�

1XPEHU�RI�GLS�FRDWV� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
1XPEHU�RI�GLS�FRDWV���WLPHV 
�D�����E������F������G���� 

 
)LJ���6(0�DQG�RSWLFDO�PLFURVFRSH� LPDJHV�RI� VDPSOHV�

V\QWKHVL]HG� FKDQJLQJ� FRQFHQWUDWLRQ�RI�1XPEHU�
RI�GLS�FRDWV� 
$YHUDJH�SDUWLFOH�VL]H������ȝP� 
1XPEHU�RI�GLS�FRDWV���WLPHV 
�D����H������E���I�������F����J�������G���K���� 
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ㄆ㆑ࡀ࡜ࡇࡿ࠸࡚ࡗ࡞㔜ࡀᬗ⤖ࡶ࡛║⫗㸪ࢀࡉ

 㸬(c)ࡓࡗ࡞ࡃⷧࡶ㸪ᵓ㐀Ⰽࢀࡉ

ࡢᯈࢫࣛ࢞ࢻ࢖ࣛࢫࡢヨᩱࡢࡽࢀࡇ㸪࡟ࡂࡘ

⾲㠃ࡧࡼ࠾ࣉ࣮ࢥࢫࣟࢡ࢖࣐ࡢ SEM ෗┿ࢆᅗ 8

ࡿ࡞㔜ࡀᬗ⤖࡝࡯ࡿ࡞ࡃ㐜ࡀ㸬ᖹᆒ㏿ᗘࡍ♧࡟

㒊ศࡀቑຍࡓࡋ㸬ᖹᆒ㏿ᗘ:25㸪5.0 cm㺃s-1࡛ࡣ

⤖ᬗࡀ 1ᒙࡣࡓࡲ 2ᒙ࡟୪ࡓ࠸࡛ࢇ(d)㸬୍ ᪉㸪

ᖹᆒ㏿ᗘ:3.3 cm㺃s-1 ࡀᬗ⤖ࡣ࡛ 3 ࡞௨ୖ㔜ࡘ

࠿Ἴ㛗ࡢどගྍࡵࡓࡢࡇ㸪ࡃከࡀ㒊ศࡿ࠸࡚ࡗ

ࡳࡀᵓ㐀Ⰽ࡚ࡋᩓ஘ࡀ㸪ගࢀእࡃࡁ኱ࡀ⢏ᚄࡽ

 㸬(f)ࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞ࡃࡃ࡟࠼

  

3㺃4 ᵓ㐀ⰍࡢⓎ⌧ᶵᵓ 

௒ᅇ࡚࠸࠾࡟✲◊ࡢᴃ෇⌫≧ࢺ࢖ࣛࢸࣂ⤖

ᬗࢆ୪࡚࡭㸪࡟ࡇࡑගࢆ↷ᑕ࡜ࡿࡍ㏱㐣ග࡛ᵓ

㐀Ⰽࡀほᐹࡓࢀࡉ㸬ࡢࡑⰍࡣほᐹഃࡽ࠿㯤㸪㉥㸪

㟷㸪⥳ࡓࡗ࡞࡜㸬ᅗ ⓎⰍ࡜ධᑕゅࡢᵓ㐀Ⰽ࡟9

 㸬ࡍ♧ࢆ

ྛⰍࡢධᑕゅࡣ㯤ࡀ 65r㸪㉥ࡀ 61r㸪㟷ࡀ

55r㸪⥳ࡀ 53r࡛ࡓࡗ࠶㸬௒ᅇࡣ㸪࣑ ࣮ᩓ஘ࡢ

࠶ࡶᛶ⬟ྍࡿ࠸࡚ࡋ㛵ಀࡀ㇟⌧ගᩓ஘࡞࠺ࡼ

࡜ࡇࡿ࠸࡚ࡋᙧᡂࢆᒙࡀ⢏Ꮚࡢ≦⌫㸪ᴃ෇ࡀࡿ

ゎᯒ࡚࠸⏝ࢆᖸ΅⌮ㄽ⭷ⷧ࡟㸪㏆ఝⓗࡋ┠╔࡟

 ࢆᘧ࠺ྜࡵᙉࡀ΅ᖸࡢ㸬ගࡓࡳヨࢆ

 

2dncosȟ=(m +1/2)Ȣ 

 

࡛ࡇࡇ㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ⌧⾲࡛ n㸸ᒅᢡ⋡㸪

d:ཌࡳ㸪Ȣ㸸Ἴ㛗࡛ࡾ࠶㸪m㸸ᩚᩘ㸪ȟ㸸ධᑕゅ

ࡣ⋠ᒅᢡࡢࢺ࢖ࣛࢸࣂ㸬ࡿ࠶࡛ 1.56㸫1.66 ࡛

ࡀᬗ⤖ࡣࡳ㸬ཌࡓࡗ⾜ࢆ⟭ィ࡚ࡋ࡜㸪1.58ࡾ࠶

㛗ᚄ㸸▷ᚄ㸻1㸸0.7ࡢᴃ෇⌫≧࡛ࡽ࠿࡜ࡇࡿ࠶

660�0.7㸻462 nm ࡋ࡜㸪m 㸻㸯ࡓࡲ㸬ࡓࡋ࡜

ධᑕゅࡢ㸬㯤Ⰽࡓ cosȟ=65r࡚ࡋ࡜ィ⟬ࡿࡍࢆ

ࡣἼ㛗࡜ 433nmࡓࡗ࡞࡜㸬ࡣࢀࡇ㟷ⰍࡢἼ㛗࡛

㸬ࡿࡍⓎⰍ࡚ࡋ࡜㏱㐣ගࡀ㯤ⰍࡢⰍ⿵ࡢࡑ㸪ࡾ࠶

㉥㸪㟷㸪⥳ࡢධᑕゅ࡛ィ⟬࡜ࡿࡍ㸪㉥Ⰽࡢධᑕ

ゅȟ=61 ࡁ࡜ࡢ 497nm㸪㟷Ⰽࡢධᑕゅධᑕゅȟ

=55rࡁ࡜ࡢ 588nm,⥳Ⰽࡢධᑕゅȟ=53r࡜ࡢ

ࡁ 617nmࡓࡋ♧ࢆ㸬ࡢࢀࡒࢀࡑἼ㛗ࡢ⿵Ⰽࡣ㉥㸪

㟷㸪⥳Ⰽ࡛ࡾ࠶㸪⫗║࡛ほᐹࡓࡋⰍ୍ࡰ࡯࡜⮴

 㸬ࡓࡋ

 

㸲㸬࡟ࡾࢃ࠾ 

 ᮏ◊✲࡛ࡣ㸪MEA ᖹᆒ⢏ᚄࡓࡋᡂྜ࡚࠸⏝ࢆ

0.66m 㸪ᵓ㐀Ⰽ࡚࠸⏝ࢆࢺ࢖ࣛࢸࣂ≦⌫ᴃ෇ࡢ

▷㛗ᚄ㸸ࡀ㸬⤖ᬗࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟⌧Ⓨࡢ

ᚄ㸻1㸸0.7ࡢᴃ෇⌫≧࡛ࡽ࠿࡜ࡇࡿ࠶㸪ᖹᆒ⢏

ᚄ㹼0.7�ᖹᆒ⢏ᚄࡿࡎ‽࡟Ⰽࡀほᐹ࡛ࡓࡁ㸬

㸪㏱࡜࠸࡞ᑡࡀᬗ⤖ࡓࡋ╔௜࡟ࢫࣛ࢞ࢻ࢖ࣛࢫ

㐣ࡿࡍගࡀῶᑡࡋᵓ㐀Ⰽࡾ࡞ࡃⷧࡀ㸪ఱᒙࡶ࡟

㔜࡚ࡗ࡞௜╔ྍ࡜ࡿࡍどගࡢἼ㛗ࡽ࠿⢏ᚄࡀ

኱ࡃࡁእࢀ㸪ගࡀศᩓࡋᵓ㐀Ⰽࡓࡗ࡞ࡃⷧࡀ㸬

 
)LJ�� 3KRWRJUDSKV� RI� VDPSOHV� FKDQJLQJ� DYHUDJH�

VSHHG� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
$YHUDJH�VSHHG���FP࣭V�� 
�D������E�������F����� 

 

 
 
)LJ���6(0�DQG�RSWLFDO�PLFURVFRSH� LPDJHV�RI�VDPSOHV�

FKDQJLQJ�DYHUDJH�VSHHG� 
$YHUDJH�SDUWLFOH�VL]H�����ȝP� 
$YHUDJH�VSHHG���FP࣭V�� 
�D����G�������E���H��������F���I����� 

 

 
)LJ�� ,QFLGHQW�DQJOH�RI�HDFK�VWUXFWXUDO�FRORU� 
 

light

spindle spherical vaterite

Observer

yellow

53r

red
blue

green

65r
61r

55r



20 
 

㸪ɔ࡛ࡇࡑ 㐀Ⰽࡢ⌧᫬Ⅼ࡛᭱ࡢ㐺ࢥࣉࢵ࢕ࢹ࡞

㸪ᠱ⃮ᾮ⃰ᗘࡣ௳᮲ࢺ࣮ 0.04㸣㸪ᖹᆒ㏿ᗘ 25cm㺃

s-1 ࡛ 30 ᅇࡓࡋࢺ࣮ࢥࣉࢵ࢕ࢹヨᩱ࡛ࡓࡗ࠶㸬 

ࢆᘧ࠺ྜࡵᙉࡀ΅ᖸࡢ㸪ගࡓࡲ 2dncosȟ

=(m+1/2)Ȣ࡛⾲⌧ࡁ࡛ࡀ࡜ࡇࡿࡍ㸪ồࡓࡵගࡢ

Ἴ㛗ࡢ⿵Ⰽ࡜㸪ほᐹ࡛ࡓࡁⰍࡓࡋ⮴୍ࡰ࡯ࡀ㸬 

 

ཧ⪃ᩥ⊩ 

�� .㸬+DVKLPRWR㸪-�6RF�,QRUJ�0DWHU��-DSDQ㸪
����㸪��㸪�������� 

��1�)XND]DZD㸪-RXUQDO�RI�WKH�6XUIDFH�)LQLVKLQJ�
6RFLHW\�RI�-DSDQ㸪����㸪��㸪�������� 

��≉㛤� ����������� 

���7�,VKL]DNL㸪-RXUQDO�RI�WKH�6XUIDFH�)LQLVKLQJ�
6RFLHW\�RI�-DSDQ㸪����㸪��㸪�������� 

��0LFKLQDUL�.RKUL�HW�DO��/$1*08,5�����㸪
��㸪� ���������㸬 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��Ᏺྜྷభ௓͆↓ᶵᮦᩱᚲ㡲 300-ཎ⌮㺃≀ᛶ㺃ᛂ

⏝-͆㸪୕ඹฟ∧,2008,p.477-500. 

���≉㛤 2010-222161 

��� <�.RMLPD㸪<�.DZDPRWR㸪5�.RVKLNDZD㸪
7�8PHJDNL㸪-�6RF�,QRUJ�0DWHU��-DSDQ㸪  ����㸪
��㸪�������� 
��$OH[DQGHU�)LQQHPRUH�HW�DO㸬Biomimetic 

Layer-by-Layer Assembly of Artificial Nacre㸪

2012㸪966㸪1-7. 

��� Y.Kojima㸪A.Sadotomo㸪7�8PHJDNL㸪
-RXUQDO�RI�WKH�&HUDPLF�6RFLHW\�RI�-DSDQ㸪
����㸪���㸪���������� 
��� 5�1DWVXPH㸪7�8PHJDNL㸪<�NRMLPD㸪-��6RF��
,QRUJ��0DWHU���-DSDQ���������㸪� �������� 
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E. coliࡧࡼ࠾ Candida࡟ᑐࡿࡍ 

ᢠ⏕≀㉁࡜ኳ↛⣔ᢠ⳦๣୕ࡢ๣ే⏝ຠᯝ 

 

⏣୰ ᪸ᕼ��㇂⏣ ⫱ᏹ��኱⃝ ᩄ 
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DJDLQVW�(��FROL�DQG�&DQGLGD 

 

.RNL�7DQDND��,NXKLUR�7DQLGD��6DWRVKL�2VDZD 
 

Genomu Biotechnology Laboratory, Kanazawa Institute of Technology, 
Yatsukaho, Hakusan, Ishikawa, 924-0838 

  
E-mail㸸b6900980@planet.kanazawa-it.ac.jp 

 

Abstract 
The three drugs combined effects of various antibiotics and natural antimicrobial substances, Benzyl 
isothiocyanate (BITC), Cinnamaldehyde (CAL) have been investigated against Escherichia coli (E. coli) 
and Candida parapsilosis (C. parapsilosis). Antimicrobial activities were determined by minimum 
inhibitory concentration (MIC) using micro-dilution method. The combination effect was judged by the 
fractional inhibitory concentration (FIC) index using the checkerboard method. Microencapsulation was 
performed by a submerged curing coating method in which a mixture of sodium alginate and an antibiotic 
or antibacterial agent was reacted with calcium chloride to form capsules by ionic cross-linking. The 
results showed that the combination of Polymyxin B and BITC, CAL had combined effect against E. coli. 
The combination of Amphotericin B, BITC and CAL showed combined effects on C. parapsilosis. MIC 
value of three drags combination is much lower than that of two drags combination, leading to reduction 
of antibiotic usage. Furthermore, sustained release of antimicrobial agents from microcapsules was 
conformed in vitro experiment.  
 
.H\ZRUGV㸸$QWLELRWLFV��1DWXUDO�DQWLPLFURELDO�DJHQW��&RPELQHG�HIIHFW��0LFURFDSVXOH 
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㸯 ⥴ゝ 

 2019 ᖺࡿࡅ࠾࡟඲ୡ⏺ࡢ୺࡞Ṛᅉࡣ, ⹫⾑
ᛶᚰ⑌ᝈࡸ⬻༞୰, ⫵⑌ᝈࡢ࡝࡞㠀ឤᰁ⑕࡛࠶

Ṛᅉࡢపᡤᚓᅜ ,ࡀࡿ TOP10 6 ,ࡕ࠺ࡢ ឤࡣࡘ
ᰁ⑕࡛ࡿ࠶ ᝈࡢ⳦๣⪏ᛶ⸆,ࡣ㏆ᖺ࡛ ,ࡓࡲ .(1
 .ࡿ࠸࡚ࢀࡽࡵồࡀ⟇ᑐ ,ࡾ࠶࡟ቑຍഴྥࡶᩘ⪅
⸆๣⪏ᛶ⳦࡟ᑐ࡚ࡋ, ୡ⏺ⓗ࡞ᑐᛂ࡞ࢀࢃ⾜ࡀ
ୡ⏺࡛, ᖺ㛫⣙ࡣ࡟2050ᖺ ,ࡤࢀࡅ 1000୓ேࡀ
Ṛஸࡢ࡜ࡿࡍヨ⟬ࡀⓎ⾲ࡿ࠸࡚ࢀࡉ ࡽࢀࡇ .(2

ࢀࢃ⾜ࡀ἞⒪ࡓ࠸⏝ࢆᢠ⏕≀㉁ ,ࡣ࡟ឤᰁ⑕ࡢ
ࡇࡍࡇ㉳ࡁᘬࢆ⏝๪స࡞ࠎᵝࡣᢠ⏕≀㉁ ,ࡀࡿ
ࡿ࠸࡚ࢀࡽ▱ࡀ࡜ ࠸࠾࡟ឤᰁ⑕⳦┿ ,࡟≉ .(4 ,3
࡚, 㧗㢖ᗘ࡛Ⓨ⏕ࢲࢪࣥ࢝ࡿࡍ⑕ ୰࡟἞⒪ࡢ(5

ᚰⓗ࡞ᙺ๭ࢆᯝࡿ࠸࡚ࡋࡓ Amphotericin B  ,ࡣ
ᢠ┿⳦ࡣࣝࢺࢡ࣌ࢫᗈࡢࡢࡶ࠸, ⭈ẘᛶࡀᙉࡃ, 

ప࣒࢝ࣜ࢘⾑⑕➼ࢆᘬࡁ㉳ࢀࡽ▱ࡀ࡜ࡇࡍࡇ

ࡿ࠸࡚ ᪂つ ,ࡣ㛤Ⓨࡢ᪂つᢠ⏕≀㉁ ,ࡓࡲ .(7 ,6
ࢫࢥ㛤Ⓨ ,ࡾ࠶ᅔ㞴࡛ࡀ᥈⣴ࡢศᏊࢺࢵࢤ࣮ࢱ
ࡿ࠶࡟೵⁫ഴྥ ,ࡽ࠿ほⅬࡓࡗ࠸࡜཰┈ᛶ ,ࢺ
๪స ,࡚ࡋ⏝౑ࢆᢠ⏕≀㉁ࡢ᪤Ꮡ ,ࡵࡓࡢࡑ .(8
  .ࡿ࠶ᚲせ࡛ࡀ἞⒪ἲࡿࡏࡉ㍍ῶࢆ⏝

 ᮏ◊✲࡛ࡣ, ᢠ⏕≀㉁࡜, ᢠ⏕≀㉁࡞␗ࡣ࡜
ࡿ࠶ኳ↛⣔ᢠ⳦๣࡛ࡿࡍ᭷ࢆస⏝ᶵᵓࡿ

Benzyl isothiocyanate (BITC), ࠾ ࡼ ࡧ

Cinnamaldehyde (CAL)୕ࡢ࡜๣ే⏝ࡿࡼ࡟ᢠ⏕
≀㉁ࡢ౑⏝㔞๐ῶࢆヨࡓࡳ. WHO ⳦᪂つᢠࡀ
ࡢࡢࡶࡓࡋ㑅ᐃ࡟⳦⣽࡞ᚲせ࡟ᛴ⥭࡚ࡋ࡜⸆

୰ࡽ࠿ 9), ⭠ෆ⣽⳦࡛ࡿ࠶E. coli, ࡓࡲ, Candida 
spp.ࡢ୰࡛ࡶ, Candida  albicans ⋠Ṛஸࡄḟ࡟
ࡍ♧ࢆ Candida parapsilosis10)࡟ᑐࡿࡍຠᯝࢆㄪ

ࡣሗ࿌ࡍ♧ࢆ஧๣ే⏝ຠᯝ ,࡟࡛ࡲࢀࡇ .ࡓ࡭
ከࡿ࠸࡚ࢀࡉ࡞ࡃ ᢠࡣ࡛⏝ేࡢ஧๣ ,ࡀ(12 ,11 ,6
⏕≀㉁ࡢ౑⏝㔞๐ῶࡣ࡟㝈ᗘࡵࡓࡢࡑ .ࡿ࠶ࡀ, 

୕๣ే⏝ࡿ࡞ࡽࡉ ,ࡾࡼ࡟ᢠ⏕≀㉁ࡢ౑⏝㔞๐
ῶ᳨ࢆウࡓࡋ.  
࣮ࣟࣉ࢔ࡿࡏࡉ㍍ῶࢆ⏝๪సࡢ๣⸆ ,࡟ࡽࡉ 
ࢆ໬(MC) ࣝࢭࣉ࢝ࣟࢡ࢖࣐ࡢ๣⸆ ,࡚ࡋ࡜ࢳ
᳨ウࡓࡋ. MC ໬ࡾࡼ࡟, ⸆๣ࡀᚎᨺ⬟ࡍ♧ࢆ
ᮦᩱ, ⃰ᗘ, 〇ἲ ,ࡓࡲ ,ࡾ࠾࡚ࢀࡽ▱ࡀ࡜ࡇ

࡞␗ࡀᚎᨺࡢ๣⸆ ,ࡾࡼ࡟᮲௳タᐃ࡞ࠎᵝࡢ➼
୕ ,࡛ࡇࡑ .ࡿ࠸࡚ࢀࡽ▱ࡶ࡜ࡇࡍ♧ࢆᣲືࡿ
๣ే⏝ຠᯝࡓࡋ♧ࢆᢠ┿⳦⸆, BITC, CAL ࢆ
MC໬ࡢࡑ ,ࡏࡉ⸆๣ࡢ⁐ฟᣲື᳨ࢆウࡓࡋ.  

 

2 ᐇ㦂᪉ἲ 

ᢠ⏕≀㉁࡚ࡋ࡜, Ampicillin (ABPC㸹ᐩኈ࢖ࣇ
࣒ࣝ࿴ග⣧⸆(ᰴ)〇), Fradiomycin sulfate (FRM㸹
ᮾி໬ᡂᕤᴗ(ᰴ)〇), Polymyxin B sulfate (PL-B㸹

ᐩኈ࣒ࣝ࢖ࣇ࿴ග⣧⸆(ᰴ)〇), Amphotericin B 
(AMPH-B㸹ᐩኈ࣒ࣝ࢖ࣇ࿴ග⣧⸆ (ᰴ )〇 ), 
Itraconazole (ITCZ㸹ᮾி໬ᡂᕤᴗ (ᰴ )〇 ), 5-
Fluorocytosine (5-FC㸹ᮾி໬ᡂᕤᴗ(ᰴ)〇)ࢆ౑
ኳ↛⣔ᢠ⳦๣ࡓࡋ㑅ᐃ࡚ࡋ࡜㉁≀⏝ే .ࡓࡋ⏝
ࡣ࡟ , Fig. 1 ࡓࡋ♧࡟ Benzyl isothiocyanate 

(BITC㸹ᮾி໬ᡂᕤᴗ(ᰴ)〇), Cinnamaldehyde 
(CAL㸹ᐩኈ࣒ࣝ࢖ࣇ࿴ග⣧⸆(ᰴ)〇)ࡓ࠸⏝ࢆ.  
 ౪ヨ⳦ᰴࡣ࡟, Escherichia coli JM109 (E. coli 
JM109㸹࢜࢖ࣂࣛ࢝ࢱ(ᰴ)), ࢝ࣥࢲࢪᒓࡢ୰࠿
ࡽ , Candida parapsilosis NBRC1396 (C. 
parapsilosis NBRC1396㸹⊂❧⾜ᨻἲே〇ရホ౯

ᢏ⾡ᇶ┙ᶵᵓ)ࢆ㑅ᐃࡋ, ᮏ◊✲࡛ࡢヨ㦂ᑐ㇟
 ,ࡣศගගᗘィࡓࡋ⏝౑࡟ᐃ ࡢ྾ගᗘ .ࡓࡋ࡜
(ᰴ)᪥❧〇సᡤ〇 Spectrophotometer UV-Vis U-
   .ࡓࡋᐃ ࡚࡟3310

 

2.2 ᭱ᑠⓎ⫱㜼Ṇ⃰ᗘ ᐃヨ㦂 

 ᮏ◊✲ࡢᢠ⳦ᛶホ౯ࡣ��&OLQLFDO�DQG�/DERUDWRU\�
6WDQGDUGV� ,QVWLWXWH� ᪥ᮏ໬Ꮫ⒪ἲᏛࡧࡼ࠾�,6/&�
఍ࡢヨ㦂ἲࢆཧ⪃ే��࡟⏝ヨ㦂ࢆࣝࢥࢺࣟࣉࡢ
⪃᱌ࡋ��ᚤ㔞ᾮయᕼ㔘ἲ᭱��ࡾࡼ࡟ᑠⓎ⫱㜼Ṇ
⃰ᗘ� �0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ㸸0,&�ࢆ

 
Fig. 1  Chemical structures of BITC (left) 

and CAL (right) 
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 ᐃࡓࡋ ���������  
 

2.2.1 ᇵᆅ 

 E. coli JM109 ࡳ῭⳦⁛ ,ࡣ࡛ Mueller-Hinton 

Brothࢁ ,࡟㐣⁛⳦ࡓࡋ 25 mg/Lࡢ Mg2+ࡧࡼ࠾

50 mg/Lࡢ Ca2+ࢆῧຍ2 ,ࡋ mol/Lࡢ NaOHỈ⁐
ᾮ࡛ pH 7.3࡟ㄪᩚࡓࡋ Cation-adjusted Mueller-
Hinton Broth (CAMHB)ᇵᆅࢆ౑⏝ࡓࡋ. 
 C. parapsilosis NBRC1396 ࡣ࡚ࡋᑐ࡟ , L-
gulutamineῧຍ RPMI 1640ᇵᆅ (ࢫࢸ࢖ࣛ࢝ࢼ

ࢡ (ᰴ )〇 ࡟( , 3-(N-morpholino) propanesulfonic 
acid (MOPS㸹ࢡࢫࢸ࢖ࣛ࢝ࢼ(ᰴ)〇)ࢆ 0.165 
mol/L mol/L 2 ,ࢆࡢࡶࡓ࠼ຍ࡟࠺ࡼࡿ࡞࡜ ࡢ
NaOHỈ⁐ᾮ࡛ pH 7.0࡟ㄪᩚࢁ ,ࡋ㐣⁛⳦ࡓࡋ
  .ࡓ࠸⏝ࢆࡢࡶ
 

2.2.2 ᥋✀⸆๣ࡢㄪ〇 

 ⸆๣ࡢຊ౯ࡶ⪃៖࡛࠼࠺ࡓࡋ⛗㔞ࡋ, Ỉ⁐ᛶ
ࡼ࠾ᢠ⏕≀㉁ࡢ⵨␃Ỉ, 㠀Ỉ⁐ᛶࡣᢠ⏕≀㉁ࡢ
ࡧ BITC, CALࡣDMSO (ᐩኈ࣒ࣝ࢖ࣇ࿴ග⣧⸆
(ᰴ)〇)ࢀࡒࢀࡑ ,ࢆ┠ⓗ⃰ᗘ࡟࠺ࡼࡿ࡞࡜ຍ࠼, 

ࡏࡉᢾ, ⁐ゎ᧠࡚࠸⏝ࢆ࣮ࢧ࣑࢟ࢫࢡࢵࢸࣝ࣎
 ,ᚋࡢࡑ .ࡓࡋ⏝౑ࢆࡢࡶࡓࡋ⳦⁛㐣ࢁ ,ᚋࡓ
ㄪ〇ࡓࡋᇵᆅ࡚࠸⏝ࢆ, ⸆๣ࡢ 2ಸᕼ㔘⣔ิࢆ
స〇ࡋ, VIORAMO 〇୸ᗏ 96 well plate࢘ྛࡢ
ࡀ඲㔞 ,࡟࢙ࣝ 100 µL  .ࡓࡋ✀᥋࡟࠺ࡼࡿ࡞࡜
ࡢ㝿ࡓࡋΰྜࢆ๣⸆ ,ࡣᗘ࡛⃰ࡢᮏᐇ㦂 ,࠾࡞

⸆๣ࡢᯒฟࡣ☜ㄆࡓࡗ࠿࡞ࢀࡉ. 
 

2.2.3 ᥋✀⳦ᾮࡢㄪ〇ࡧࡼ࠾ᇵ㣴᫬㛫 

 E. coli JM109ࢺ࢚ࣥࣜࢺ࣮ࣗࢽࡣᐮኳᇵᆅ, C. 
parapsilosis NBRC1396࣮ࣟࢺࢫ࢟ࢹࢺࢸ࣏ ,ࡣ

᮲௳࡛๓ᇵࡢ35Υ, 24 h ,࡚࠸࠾࡟ᐮኳᇵᆅୖࢫ
㣴ࡓࡋ. ๓ᇵ㣴ࡓࡋ⳦య85 .0ࢆ %⏕⌮㣗ሷỈ୰
⳦࡚࠸⏝ࢆ࣮ࢧ࣑࢟ࢫࢡࢵࢸࣝ࣎ ,ࡏࡉᠱ⃮࡟
యࢆ⏕⌮㣗ሷỈ୰࡟ศᩓࡢࡑ .ࡓࡏࡉᚋ, ᠱ⃮
ᾮࢆMcFarland 0.5࡟ㄪᩚᚋ, ᭱⤊᥋✀⳦ᩘࡀE. 
coli JM109㸸⣙ 5.0×104 cells/well, C. parapsilosis 

NBRC1396㸸⣙ 5×10 ~ 2.5×102 cells/wellࡿ࡞࡜
ࢆᾮ⳦࡟ᚋ, 96 well plateࡢࡑ .ࡓࡋㄪᩚ࡟࠺ࡼ

5 µL᥋✀ࡋ, ᜏ ᵴ࡚࡟ 35Υ, 24 hࡢ᮲௳࡛ᇵ
㣴ᚋ, ྛ࢙࢘ࣝ୰ࡢ⳦ ,࡛࠿࡞ࡢⓎ⫱ࡀㄆࡽࡵ
  .ࡓࡋ࡜MICࢆᑠ⃰ᗘ᭱࠸࡞ࢀ
 

2.4 ే⏝ຠᯝุࡢᐃ 

 ే⏝ຠᯝࢆ ᐃࡓࡋ MIC ⏝ే ,࡚࠸⏝ࢆ್
ຠᯝࡢ᭷↓ุࢆᐃࡿࡍ FIC indexࢆ⟬ฟࡓࡋ 15). 
ୗグࡍ♧࡟ィ⟬ᘧࡾࡼ࡟, ⟬ฟ್ࡀӌ0.5 ┦ࢆ
஌స⏝, 0.5㸺 ~ ӌ1.0 ຍస⏝, 1.0㸺 ~ ӌ┦ࢆ
2.0 ୙㛵, 㸼2.0ࢆ ┦ ,࠾࡞ .ࡓࡋ࡜⏝ᣕᢠసࢆ
஌స⏝ࡧࡼ࠾┦ຍస⏝ࡿ࡞࡜ FIC index 1.0௨ୗ
 .ࡓࡋ࡜ࡾຠᯝ᭷⏝ేࢆࡢࡶࡓࡋ♧ࢆ
 

 స〇ࡢࣝࢭࣉ࢝ࣟࢡ࢖࣐ 2.5

 Table 1 ๣ῧຍ⸆ ,࠸ᚑ࡟ᡂ⤌ࡢ 1.0 wt % ࢔
࢖ࣛ࢝ࢼỈ⁐ᾮ (Na-Alg㸹࣒࢘ࣜࢺࢼ㓟ࣥࢠࣝ
ὀᑕ㔪 (ෆᚄ ,ࢀ࠸࡟ࢪࣥࣜࢩࢆ(〇(ᰴ)ࢡࢫࢸ
0.70 mm; ࣔࣝࢸ(ᰴ))ࢆ㏻࡚ࡌ, ᾮ㠃ࡢࡽ࠿㧗
ࡉ 5 cm࣮࣮ࣛࢱࢫ ,ࡾࡼ᧠ᢾୗࡿ࠶࡟ 1.0 wt %
ࡣࡓࡲ 5.0 wt % ሷ໬࣒࢝ࣝ࢘ࢩ(ᐩኈ࣒ࣝ࢖ࣇ
࿴ග⣧⸆(ᰴ)〇)Ỉ⁐ᾮ୰࡬⁲ୗࣥࢠࣝ࢔ ,ࡏࡉ
㓟࣒࢝ࣝ࢘ࢩ (Ca-Alg) ࡿࡍ࡜ࣝࢤ⢏ᚄ⣙ 2 
mmྛࡢ⸆๣ࢆῧຍࡓࡋMCࢀࡒࢀࡑࢆస〇ࡋ
ሷ ,࡚࠸⏝ࢆ࣮ࢱࣝ࢕ࣇࢫࣛ࢞ ,MCᙧᡂᚋ .ࡓ
໬࢝ࣝ࡜࣒࢘ࢩMCࢆศ㞳ࡋ, MCࢆᅇ཰ࡓࡋ.  
 

Table 1 Composition of antimicrobial agents 
encapsulated Na-Alg aq 

 $PRXQW��J� 

$03+�%����)& ��� 

,7&= � ���� 

%,7&��&$/ ��� 

��ZW��1D�$OJ�DT ��� 

'062 ��� 

'LVWLOOHG�ZDWHU ��� 

 
 

 
)LJ�� �� � 3KRWRJUDSK� RI� WKH� SUHSDUHG�

PLFURFDSVXOHV 
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 ๣⁐ฟヨ㦂⸆ࡢࣝࢭࣉ࢝ࣟࢡ࢖࣐ 2.6
 ෆໟࡿࡍ⸆๣ࡢ≉ᚩⓗ࡞྾཰Ἴ㛗, ࡕࢃ࡞ࡍ
AMPH-B, ITCZ, 5-FC (385, 262, 234 nm), BITC, 
CAL (243, 292 nm)ࡿࡅ࠾࡟྾ගᗘࢽࢺࢭ࢔ ,ࢆ
-((࿴ග⣧⸆(ᰴ)〇࣒ࣝ࢖ࣇMeCN㸹ᐩኈ)ࣝࣜࢺ
0.9%⏕⌮㣗ሷỈ (Saline) [6:4, v/v]࡟⁐ゎ࡚ࡏࡉ
 ᐃࡋ, ᳨㔞⥺ࢆసᡂࡓࡋ. స〇ࡓࡋ⸆๣ෆໟ
MC 1.0 g50 ,ࢆ mM࢚ࣥࢡࡢ㓟୕࣒࢘ࣜࢺࢼ(ᐩ
ኈ࣒ࣝ࢖ࣇ࿴ග⣧⸆(ᰴ)〇)ࢆ⁐ゎࡓࡏࡉ 0.9 %
⏕⌮㣗ሷỈ 50 mL୰࡟ᾋ㐟࣭ ᠱ⃮37 ,ࡏࡉΥ, 140 
rpm, 30 minࡢ᮲௳࡛᣺ࡋ࠺࡜, MCࢆ᏶඲࡟⁐
ゎࡢࡇ .ࡓࡏࡉ⁐ᾮࢁ࡛࣮ࢱࣝ࢕ࣇࢪࣥࣜࢩࢆ
㐣ࡓࡋᚋ, ྾ගᗘࢆ ᐃࡋ, ᳨㔞⥺ࡽ࠿್ࡢ
MCࡢ⸆๣ෆໟ㔞ࢆ⟬ฟࡓࡋ.  
 ⁐ฟヨ㦂ࡣ, ⏕⌮㣗ሷỈ 50 mLࢆຍࡓ࠼ 100 
mL MC 1.0 g ,࡟ࢥࢫࣛࣇ࣮ࣖ࢖࣐࢚ࣥࣞࣝ ࢆ
ᾋ㐟37 ,ࡏࡉΥ, 100 rpmࡢ᮲௳࡛᣺1 .ࡓࡋ࠺࡜ 
h ẖ࡟⁐ฟᾮࢆࡳࡢ 500 µL ศྲྀࡢࡑ ,ࡋ㒔ᗘ, 
᪂࠸ࡋ⏕⌮㣗ሷỈࢆ 500 µL ຍࡿ࠼᧯సࢆ, ᣺
ࡽ࠿㛤ጞ࠺࡜ 6 h ⤒㐣࡛ࡲ, ⤒᫬ⓗࡾ⧞࡟㏉ࡋ
࡟ MeCN-Saline [6:4, v/v]ࢆฟᾮ⁐ࡓࡋศྲྀ .ࡓ
⁐ゎ࡚ࡏࡉ྾ගᗘࢆ ᐃࡋ, ෆໟ㔞࡟࡜ࡶࢆ, 
MCࡢ⸆๣⁐ฟ⋡ࢆ⟬ฟࡓࡋ. 
 
3 ᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹ 

 

3.1 ే⏝≀㉁ࡢᢠ⳦ᛶࡧࡼ࠾ᢠ┿⳦ᛶホ౯ 

 7DEOH7,%��࡟��&��&$/༢๣ࡢ (��FROL�-0���࠾
ࡧࡼ &��SDUDSVLORVLV�1%5&��� &,0ࡿࡍᑐ࡟�
ᐃヨ㦂⤖ᯝࡍ♧ࢆ��౪ヨ⳦ᰴ࡟ᑐ��7࡚ࡋDEOH��
��ࡓࡲ��ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡍ♧ࢆᗘ࡛ᢠ⳦ᛶ⃰ࡢ
7DEOHࡢ/$&��ࡾࡼ�� &��SDUDSVLORVLV࡟ᑐࡿࡍᢠ
┿⳦ᛶ࡟≉ࡣᙉࡀ࡜ࡇ࠸☜ㄆࡓࢀࡉ� 

 

3.2 (��FROL�-0��� ヨ㦂⏝ేࡿࡍᑐ࡟
 Table 3࡟, E. coli JM109࡟ᑐࡿࡍ⸆๣ే⏝ヨ
㦂ࡢ⤖ᯝࢆ, Fig. 3ే࡟⏝ヨ㦂࡛ࡢ MIC್ࡶࢆ
ࡓࡋฟ⟭࡟࡜ FIC indexࡢ⤖ᯝࡍ♧ࢆ. Table 3ࡼ
MICࡢPL-B ,ࡋ♧ࢆ๣ే⏝ຠᯝ୕ࡣPL-B࡛ ,ࡾ

༢๣ : 0.125 µg/mL ,ࡣ್ BITC ,ࡽ࠿ ஧๣ࡢ࡜
ే⏝ : 0.0625 µg/mL, BITC ࡜ CAL୕ࡢ࡜๣ే
⏝ : 0.0313 µg/mL࡜࡬పୗࡋ, PL-Bࡢ౑⏝㔞ࡣ
༢๣࡜ẚ㍑࡜ࡿࡍ, ୕๣ే⏝࡛ࡣ 1/4 ࡽ࠼ᢚ࡟
ࡓࡋ♧࡟Fig. 3 ,ࡓࡲ .ࡓࢀ FIC indexࡢ⟬ฟ⤖
ᯝࡾࡼ, BITCࡢ࡜஧๣ే⏝, BITC࡜ CALࡢ࡜
୕๣ే⏝࡛ࡣ, ┦ຍຠᯝ㸦FIC indexӌ1.0㸧ࢆ♧
⣽ࡢ⳦㝜ᛶ࣒ࣛࢢ ,ࡣPL-B .ࡓࡗ࠿ศࡀ࡜ࡇࡍ
⳦⣽⬊⭷࡟స⏝ࡿࡍ⸆๣࡛ࡿ࠶ BITC ,ࡓࡲ .(16
ࡧࡼ࠾ CAL ࠿ࡽ᫂ࡣ࣒ࢬࢽ࣓࢝⳦ᢠ࡞ヲ⣽ࡢ
 (ITC)ࢺ࣮ࢿ࢔ࢩ࢜ࢳࢯ࢖ ,ࡀ࠸࡞࠸࡚ࢀࡉ࡜
㢮ࡣ, ⣽⳦ࡢ㠀≉␗ⓗ࡞㓝⣲ࡢ୙ά໬, ࿧྾⣔
⣽ࡿࡼ࡟ᨵኚࡢ㉁ࢡࣃࣥࢱ ,࠼ຍ࡟స⏝㞀ᐖࡢ
⳦⣽⬊⭷ᦆയ➼ࡀሗ࿌ࡿ࠸࡚ࢀࡉ  ,ࡓࡲ  .(18 ,17
ITC 㢮ࡢᢠ⳦࣓࢝ࡣ࣒ࢬࢽ, ȕ-࣒ࣛࢱࢡ⣔ᢠ⏕
≀㉁ࢻࢳࣉ࣌ࡾࡼ⣔ᢠ⏕≀㉁࡛ࡿ࠶ PL-B ࡝࡞
ࡿ࠶ࡶሗ࿌ࡢ࡜ࡿ࠸࡚ࡋ㢮ఝ࡟ 19). CALࡢᢠ⳦
ࡿ࠼୚ࢆᦆയ࡟⣽⳦⣽⬊ቨ࡟୺ ,ࡣ࣒ࢬࢽ࣓࢝
ࡀBITC, CAL ,ࡵࡓ(20 E. coliࡢእ⭷ᵓ㐀➼࡟ᦆ
യࢆ୚ࡾࡼ࡟࡜ࡇࡓ࠼, ⣽⳦⣽⬊⭷࡟స⏝Ⅼࢆ
ࡘࡶ PL-B ࡜せᅉࡀ࡜ࡇࡓࡗ࡞ࡃࡍࡸࡋ⏝సࡀ
 .ࡿࢀࡽ࠼⪄࡜ࡓࡋ♧ࢆຍຠᯝ┦ ,ࡾ࡞
 ABPC, FRM ే࡟ࡶ࡜⏝஧๣ే⏝, ୕๣ేࡣ
⏝ຠᯝࡣ☜ㄆࡓࡗ࠿࡞ࢀࡉ. ABPC ⣽⬊ቨ࣌ࡣ
BITC ,ࡀࡿࡍ⏝స࡟ࣥ࢝ࣜࢢࢻࢳࣉ ࣓⏝స࡜
ࡿ࡞␗ࡀ࣒ࢬࢽ࢝ ࠿࡞ࡉ♧ࢆຠᯝ⏝ే ,ࡵࡓ(19
FRM ,ࡓࡲ .ࡿࢀࡽ࠼⪄࡜ࡓࡗ ࢢࣀ࣑࢔ࡢ࡝࡞
ᇶࣀ࣑࢔ࡢᛶࣥ࢜ࢳ࢝ ,ࡣ⣔ᢠ⏕≀㉁ࢻࢩࢥࣜ
⭷⣽⳦እ ,ࡵࡓࡢࡑ .ࡿ࠶ᵓ㐀࡛ࡿࡍከᩘ᭷ࢆ
ࡢከ⢾࣏ࣜࡢ Mg2+ࢆ᤼㝖ࣜࡽ⮬ ,࡛࡜ࡇࡿࡍ
࣏ከ⢾ࡋྜ⤖࡜, እ⭷ᵓ㐀ࢆ◚ቯ࡛࡜ࡇࡿࡍ, 
ᢠ⳦ᛶ࡛࡜ࡇࡿࡍ⏝స࡚ࡋ㐩฿࡟࣒࣮ࢯ࣎ࣜ

ࡍ♧ࢆ MIC್௨ୗࡢFRM༢๣࡛ ,ࡋ࠿ࡋ  .(21

7DEOH��� � 0,&�IRU�%,7&�DQG�&$/�RI�PLFURELDO�
VWUDLQV 

0LFURELDO�VWUDLQ 
0,&���J�P/� 

%,7& &$/ 

(��FROL�-0��� ��� ��� 

&��SDUDSVLORVLV�1%5&���� ��� � �� 

  
A㸸ABPC + BITC B㸸ABPC + CAL C㸸ABPC + BITC + CAL 
D㸸FRM + BITC E㸸FRM + CAL F㸸FRM + BITC + CAL 
G㸸PL-B + BITC H㸸PL-B + CAL I㸸PL-B + BITC + CAL 
 
)LJ���� � ),&�LQGLFHV�RI�FRPELQDWLRQV�FRQVLVWLQJ�

RI�DQWLELRWLFV��QDWXUDO�DQWLPLFURELDO�DJHQWV�
LQ�(��FROL�-0��� 
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 ,࡛࡜ࡇࡓࡗ࠿పࡀ⏝㐟㞳సࡢከ⢾࣏ࣜ ,ࡣ࡛
ే⏝ຠᯝࡿࢀࡽ࠼⪄࡜ࡓࡗ࠿࡞ࡉ♧ࢆ.  
 
3.3 &��SDUDSVLORVLV�1%5&���� ࡿࡍᑐ࡟
ే⏝ヨ㦂 

 7DEOH࡟����&��SDUDSVLORVLV�1%5&���ࡿࡍᑐ࡟�

୕๣ే⏝ヨ㦂⤖ᯝࢆ��)LJ࡟��� ),&�LQGH[ࡢ⟬ฟ

⤖ᯝࡍ♧ࢆ��㑅ᐃࡓࡋ඲࡚ࡢᢠ⏕≀㉁ࢃ࡞ࡍ��

ࡕ $03+�%�� ,7&=����)& ࡜ &$/ ࡛⏝஧๣ేࡢ

ࡢᢠ⏕≀㉁ࡣ 0,& ࡀ್ ����a� ��� ࡟ࡽࡉ��࡟

��ࡋῶᑡ࡟����������aࡣ࡛⏝๣ే୕ࡓ࠼ຍࢆ&7,%
ᢠ⏕≀㉁ࡢ౑⏝㔞ࡀ஧๣ే⏝᫬ࡶࡾࡼῶᑡࡍ

ࡍ♧࡟���LJ(��ࡓࡲ��ࡓࡗ࠿ศࡀ࡜ࡇࡿ ),&�LQGH[
࡜&(����=&7,��ࡾࡼ್ࡢ ࠾࡟⏝஧๣ేࡢ࡜/$&

ࡽࡉ��ࡋ♧ࢆ����ຍຠᯝᲢ),&�LQGH[ӌ┦��ࡣ࡚࠸

ࢃྜࡳ⤌ࡢ��඲࡚ࡣ࡚࠸࠾࡟๣ే⏝ヨ㦂୕��࡟

ేࡃ࡞ࡣ࡛ࡅࡔ��ᢠ⏕≀㉁ࡋ♧ࢆຍຠᯝ┦࡛ࡏ

⏝≀㉁࡛ࡿ࠶ %,7&��&$/ ࡢ 0,& ๣ే୕��ࡶ್

 �ࡓࡗ࡞ࡃపࡾࡼ࡟⏝
 &��SDUDSVLORVLV ࡿࡍᑐ࡟ %,7& ࡧࡼ࠾ ࡢ/$&

ᢠ⳦࣓࢝࡟࣒ࢬࢽ㛵ࡶ࡚ࡋ��ヲࡣࡃࡋゎ᫂ࢀࡉ

&7,%��ࡢࡢࡶ࠸࡞࠸࡚ ࢆᦆയ࡟⣽⬊ቨ⳦┿ࡣ

୚࠼��௦ㅰ㓝⣲ࢆ㜼ᐖࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍ
����� ��ࡓࡲ &$/ ��࠼ຍ࡟ᦆയࡢ࡬⣽⬊ቨ⳦┿ࡣ
⣽⬊ቨྜᡂ㓝⣲ࡢ࡬㜼ᐖ��┿⳦୰ࢻࣥࢥࢺ࣑ࡢ

ࡗ࠸࡜ࡿ࠼୚ࢆᦆയ࡟⭷⬊⣽⳦┿ࡧࡼ࠾࢔ࣜ

ࡿ࠸࡚ࢀࡉሗ࿌ࡀ࣒ࢬࢽ࣓࢝⳦ᢠࡓ ��a���ࡓࡲ����
ᮏ◊✲ࡾࡼ࡟��&$/ ࡢ &��SDUDSVLORVLV ࡿࡍᑐ࡟

0,& ��ࡣ ⣽⳦࡛ࡿ࠶ (�� FROL �ഴྥ࠸పࡶࡾࡼ
�7DEOH���ࡿ࠶࡟�� 
 ᮏ◊✲࡛ࡣ┿⳦⣽⬊⭷࡟స⏝ࡿࡍ $03+�%��
ࡿࡍ㜼ᐖࢆ᰾㓟ྜᡂࡢ⳦┿��=&7, ��)& 㑅ᐃࢆ

ࡓࡋ ��඲࡚┿⳦⣽⬊ቨෆ㒊ࡣ๣⸆ࡢࡽࢀࡇ�����

Table 3  MICs for single, double and triple combinations of antibiotics, BITC and CAL against E. coli 
JM109 

&RPELQDWLRQV�RI�DQWLEDFWHULDO�DJHQWV 
0,&���J�P/��  5DWLRͤ 

$QWLELRWLFV %,7& &$/ GRXEOH WULSOH 

$%3& 

6LQJOH $%3&�  ��� ̾ ̾  ̾ ̾ 

'RXEOH 
$%3&���%,7&�  ��� ��� ̾ � ̾ 

$%3&���&$/�  ��� ̾ ��� � ̾ 

7ULSOH $%3&���%,7&���&$/ ��� ��� ��� ̾ � 

)50 

6LQJOH )50 � ���� ̾ ̾ ̾ ̾ 

'RXEOH 
)50���%,7&�  � ���� ��� ̾ � ̾ 

)50���&$/�  � ���� ̾ ��� � ̾ 

7ULSOH )50���%,7&���&$/ � ���� ��� ��� ̾ � 

3/�% 

6LQJOH 3/�% � � ����� ̾ ̾ ̾ ̾ 

'RXEOH 
3/�%���%,7&�  � � � ������ ��� ̾ ��� ̾ 

3/�%���&$/�  � � ����� ̾ ��� � ̾ 

7ULSOH 3/�%���%,7&���&$/ � � � ������ ��� ��� ̾ ��� 
 ͤ Ratio : Ratio of [MIC of antibiotics when Combined use of double or triple] to [MIC of antibiotics alone],  
       that is, ratio of decrease in antibiotics usage. 
 

),&�LQGH[����GUXJV�� �
0,&�RI�$QWLELRWLFV�LQ�FRPELQHG

0,&�RI�$QWLELRWLFV�DORQH
�
0,&�RI��%,7&���&$/��LQ�FRPELQHG

0,&�RI��%,7&���&$/��DORQH
 

 

),&�LQGH[����GUXJV�� ��
0,&�RI�$QWLELRWLFV�LQ�FRPELQHG

0,&�RI�$QWLELRWLFV�DORQH
�
0,&�RI�%,7&�LQ�FRPELQHG

0,&�RI�%,7&�DORQH
�
0,&�RI�&$/�LQ�FRPELQHG

0,&�RI�&$/�DORQH
������� 
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࡟ స ⏝ Ⅼ ࢆ ࡶ ࡘ ࡓ ࡵ ����஧ ๣ ే ⏝ ࡛ ࡣ �����&����

�S�D�U�D�S�V�L�O�R�V�L�V࡟ᑐ࡚ࡋ����ᢠ⏕≀㉁࡜ �&�$�/ ᙉຊࡢ

๐ῶࡀ౑⏝㔞ࡢ����ᢠ⏕≀㉁ࡾࡼ࡟⏝ᢠ┿⳦స࡞

����ࡓࡲ����ࡿࢀࡽ࠼⪄࡜ࡓࢀࡉ ຍ࡟஧๣ࡢ࡜/�$�&�

࡟ࡽࡉ����࠼ ����ࡣ࡛⏝๣ే୕ࡓ࠼ຍࢆ&��7,�%� �%�,�7�&

ࡧࡼ࠾ �&�$�/ እ⭷ᵓ㐀⳦┿ࡢ࡝࡞⣽⬊ቨ⳦┿ࡀ

����㓝⣲㜼ᐖ����࣑࠼ຍ࡟ᦆയࡢ࡬ ࡟࢔ࣜࢻࣥࢥࢺ

ᑐࡿࡍᶵ⬟㜼ᐖ➼ࡢከᵝ࡞ᢠ⳦࣓࢝࡟࣒ࢬࢽ

����&�����ࡾࡼ �S�D�U�D�S�V�L�O�R�V�L�V࡟ᦆയࢆ୚࡛࡜ࡇࡓ࠼����ᢠ

⏕≀㉁ࡀ┿⳦⣽⬊ቨෆ㒊ࡾྲྀࡢ࡬㎸ಁࡀࡳ㐍

࡟ࡽࡉࡶࡾࡼ����஧๣ే⏝᫬ࢀࡉ �0�,�& ࡃపࡀ್

 㸬ࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞
 
!"# $ �Ð�–�¡�ß�•�É�­�Ý�b.��c P��0è9‚ $

! �)�L�J࡟������⸆๣ῧຍ ����ࡍ♧ࢆ๣⁐ฟᣲື⸆ࡢ&��0

⸆๣ࢆ �0�&໬࡛࡜ࡇࡿࡍ����⸆๣ࡀᚎᨺ⬟ࢆ᭷ࡍ

ࡀᗘ࣒⃰࢘ࢩ����ሷ໬࢝ࣝࡾ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ

㧗ࡓࡲ����࡝࡯ࡢࡶ࠸����ศᏊ㔞ࡀ኱࡝࡯ࡢࡶ࠸ࡁ

⁐ฟ㏿ᗘࡀ㐜࠸ഴྥࡓࡗ࠶࡟ ����ᮏ◊✲࡛ࡣ ����

�$�O�J���1�D࡜ሷ໬࣒࢝ࣝ࢘ࢩ୰ࡢ �&�Dࣥ࢜࢖ࡢ����ᯫ

ᶫࡾࡼ࡟ �&�D���$�O�Jࡿ࡞࡜ࣝࢤᾮ୰◳໬⿕⭷ἲ࡟

ࡾࡼ ⁐������౯㔠ᒓሷỈࡣ�D���$�O�J&�����ࡓࡋస〇ࢆ&��0

ᾮ୰࡚࠸࠾࡟�����&�D���$�O�Jࣝࢤ୰ࡢ �&�D࡜����������౯㔠ᒓ

����ࡾࡼ࡟஺᥮཯ᛂࣥ࢜࢖ࡢ㛫࡛ࣥ࢜࢖ �&�D���$�O�J��

ࡀ㒊୍ࡢ �1�D���$�O�J࡛࡜ࡇࡿ࡞࡜���� �&�D���$�O�Jࡢᯫᶫ

ᐦᗘࡀపୗࡋ���� ▱ࡀ࡜ࡇࡿࡵᙅࢆ⋠ᙎᛶࡢ&��0

����ࡣ������౯㔠ᒓሷỈ⁐ᾮ୰࡛ࡵࡓࡢࡑ����ࡿ࠸࡚ࢀࡽ

ᵓ㐀యࡔࢇྵࢆỈࡢࡃከ࡟㧗ศᏊ⥙┠ෆࡢ&��0

ࡿ࡞࡜ ����������௨ୖࡢⅬࡽ࠿���� �&�D���$�O�J࡜⁐ฟᾮ㛫࡟

Table 4  MICs for single, double and triple combinations of antibiotics, BITC and CAL against C. 
parapsilosis NBRC1396  

�&�R�P�E�L�Q�D�W�L�R�Q�V���R�I���D�Q�W�L�I�X�Q�J�D�O���D�J�H�Q�W�V 
�0�,�&�����—�J���P�/����  �5�D�W�L�Rͤ 

�$�Q�W�L�E�L�R�W�L�F�V �%�,�7�& �&�$�/ �G�R�X�E�O�H �W�U�L�S�O�H 

�$�0�3�+���% 

�6�L�Q�J�O�H �$�0�3�+���% ������ ̾ ̾  ̾ ̾ 

�'�R�X�E�O�H 
�$�0�3�+���%�������%�,�7�&�� ������ ������ ̾ �� ̾ 

�$�0�3�+���%�������&�$�/�� � � � ����������� ̾ ������ ������ ̾ 

�7�U�L�S�O�H �$�0�3�+���%�������%�,�7�&�������&�$�/ � � � � � ������������� ������ ������ ̾ ������ 

�,�7�&�= 

�6�L�Q�J�O�H �,�7�&�= ������ ̾ ̾ ̾ ̾ 

�'�R�X�E�O�H 
�,�7�&�=�������%�,�7�&�� ������ ������ ̾ �� ̾ 

�,�7�&�=�������&�$�/�� ���������� ̾ ������ ������ ̾ 

�7�U�L�S�O�H �,�7�&�=�������%�,�7�&�������&�$�/ � � � � � ������������� ������ ������ ̾ ������ 

�����)�& 

�6�L�Q�J�O�H �����)�& � � � ����������� ̾ ̾ ̾ ̾ 

�'�R�X�E�O�H 
�����)�&�������%�,�7�&�� � � � ����������� ������ ̾ �� ̾ 

�����)�&�������&�$�/�� � � � � � ������������� ̾ ������ ������ ̾ 

�7�U�L�S�O�H �����)�&�������%�,�7�&�������&�$�/ � � � � � ������������� ������ ������ ̾ ������ 
! ! ͤ Ratio : See footnote to Table 3. 
 

 
a㸸AMPH-B + BITC ! b㸸AMPH-B + CAL ! c㸸AMPH-B + BITC  + CAL  
d㸸ITCZ +  BITC ! e㸸ITCZ  + CAL ! f㸸ITCZ  + BITC  + CAL  
g㸸5-FC + BITC ! h㸸5-FC + CAL ! i : 5-FC + BITC  + CAL  

 
�)�L�J���� ��� � � ��)�,�&�� �L�Q�G�L�F�H�V�� �R�I�� �F�R�P�E�L�Q�D�W�L�R�Q�V�� �F�R�Q�V�L�V�W�L�Q�J�� �R�I��

�D�Q�W�L�E�L�R�W�L�F�V���� �Q�D�W�X�U�D�O�� �D�Q�W�L�P�L�F�U�R�E�L�D�O�� �D�J�H�Q�W�V�� �L�Q���&����
�S�D�U�D�S�V�L�O�R�V�L�V���1�%�5�&�������� 

 



27 
 

�>�8�Z ����.��c�b P���@�•+� �\�^�~ ���0�& �c�Ž�:

+��†&g�K �����r�S �������� �Z�W�� ���7�ì�•�Ý�©�˜�Ò�È P�®

�[�80��K�S �0�& �c ���� ���� �Z�W�� ���[�80��K�S�v�b�\�š

3Q�M�•�\ ���� �&�D���$�O�J�b�ë�«�&�Ø�@�6�•&ì�Ø)T�â�I

�€�S�G�\�_�|�~ �����Ž�:3ÿ�Ø�@ �����Z�W�����b�v�b�|�~

4��C�^�W�S�\*ƒ�<�}�€�• ���� 

! �&�D���$�O�J�b+w3ñ4#�ö�_�c ���� P2A�(�Ê�[�6�•.��c

�b�(�Ê�§�–�¬�@6õ�€�K�Z�>�~ �����(�Ê5��b�±�` �T

�E�[�c�^�C �����(�Ê�S4��@6õ�€�M�•�G�\�v�Â�}�?

�\�^�W�Z�8�• �����������Q�b�S�u �����(�Ê5��b�±�` �����(

�Ê�S4��b4*�8 �����>�|�g �&�D���$�O�J�\�›.��c6ë�\�b

0v�ô�ö�b4*�8 �����(4Ä�€�X�^�]�_�|�~ ����.��c�b P

���ò�· �@$��^�•�G�\�@&g�@�I�€�S ���� 

 

! " )�0• "

"
! �•%Ê'2�[�c , +«�Ë#'���_�>�8�Z�Q#Ý�I�€�•� 
#Õ"@2A�\, �Ü"@#ä�¶�b� ,æ�B�(�[�6�• BITC, 
CAL �†�G#Ý�I�O�S�U�c�G#Ý0è9‚�†/œ�W�S . �Q
�b)��Ý , PL-B �>�|�g AMPH-B, ITCZ, 5-FC �\
BITC, CAL �\�b�U�c�G#Ý�_�|�~ , �"�c , �§�c�G
#Ý�ì�\�š3Q�K�Z� #Õ"@2A�b MIC �Í�@�`�I�C�^
�•
4�¥�_�6�~ , � #Õ"@2A�b�Q#Ý5��@�I�}�_�P�ö
�[�A�•�G�\�@&g�I�€�S . �r�S , .��c
Æ�ß MC �c , 
�Q�b�ë�«�I�Ø�_�|�~.��c�Ž�:+��†�D�š�[�A , �U
�c�G#Ý�\�œ�ƒ�O�Z� #Õ"@2A�b�Q#Ý5��P�ö�_�w
� �[�6�•�\)�1=�K�S .  

!

 

 

 
Fig. 5  Comparison of elution rates of MC containing various antimicrobial agents at 37�¥  in saline 

�V�W�L�U�U�L�Q�J���D�W���������� �U�S�P�����P�L�F�U�R�H�Q�F�D�S�V�X�O�D�W�H�G���Z�L�W�K������ �Z�W���������”���������� �Z�W���������v���� �&�D�&�O2 aqueous solution, non-
�P�L�F�U�R�H�Q�F�D�S�V�X�O�D�W�L�R�Q�����x��!
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