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∫∑§—¥¬àÕ

°“√μ‘¥‡™◊ÈÕ¥◊ÈÕ¬“∑—Èß·∫§∑’‡√’¬·°√¡∫«°·≈–·∫§∑’‡√’¬·°√¡≈∫‡ªìπªí®®—¬À≈—°¢Õß°“√‡°‘¥‚√§·≈–°“√

‡ ’¬™’«‘μ„π‚√ßæ¬“∫“≈ ‚¥¬©æ“–§«“¡¢“¥·§≈π¬“∑“ß‡≈◊Õ°„π°“√√—°…“‚√§ ∑”„ÀâÕ—μ√“°“√‡ ’¬™’«‘μ¬‘Ëß

‡æ‘Ë¡ Ÿß¢÷Èπ °“√„™â “√≈¥°“√¥◊ÈÕ¬“ (resistant modifying agent; RMA) ‡ªìπÕ’°·π«§‘¥Àπ÷Ëß∑’Ë¡’°“√

»÷°…“«‘®—¬°“√„™â “√¥—ß°≈à“«√à«¡°—∫¬“ªØ‘™’«π– ‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬ ”§—≠„π°“√»÷°…“«‘®—¬§◊Õ ‡æ◊ËÕπ”¬“

ªØ‘™’«π–∑’Ë‰¡à “¡“√∂π”¡“„™â„π°“√√—°…“‰¥âÕ’°  ‡π◊ËÕß®“°ªí≠À“°“√¥◊ÈÕ¬“°≈—∫¡“„™â„À¡àÕ’°§√—Èß (recycling

antibiotic)  ‡æ◊ËÕ≈¥μâπ∑ÿπ„π°“√§‘¥§âπ·≈–∑¥ Õ∫¬“™π‘¥„À¡à Õ’°∑—ÈßÕ“®®– “¡“√∂¬◊¥√–¬–‡«≈“„π°“√

æ—≤π“°“√¥◊ÈÕμàÕ¬“ªØ‘™’«π–¢Õß·∫§∑’‡√’¬ ªí®®ÿ∫—πÀ≈“¬ß“π«‘®—¬„Àâ§«“¡ π„®„π°“√ª√–¬ÿ°μå„™â “√®“°

∏√√¡™“μ‘  ‡æ◊ËÕ„™â‡ªìπ “√≈¥°“√¥◊ÈÕ¬“ ”À√—∫·∫§∑’‡√’¬°àÕ‚√§ ”§—≠Ê À≈“¬™π‘¥  ®“°°“√√«∫√«¡¢âÕ¡Ÿ≈

æ∫«à“  “√ °—¥À¬“∫·≈– “√∫√‘ ÿ∑∏‘Ï®“°æ◊™ ¡ÿπ‰æ√®”π«π 28 ™π‘¥  “¡“√∂≈¥°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬

‚¥¬¬—∫¬—Èß°≈‰°°“√¥◊ÈÕ¬“ 3 °≈‰°À≈—° §◊Õ (°) ¬—∫¬—Èß°“√º≈‘μÀ√◊Õ∑”≈“¬‡Õπ‰´¡å¢Õß·∫§∑’‡√’¬∑’Ë∑”≈“¬¬“

(¢) ¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ßμ”·Àπàß‡ªÑ“À¡“¬¢Õß¬“ ·≈– (§) ‡æ‘Ë¡°“√ – ¡¢Õß¬“¿“¬„π‡´≈≈å æ◊™ ¡ÿπ

‰æ√∫“ß™π‘¥ ‡™àπ Alpinia officinarum, Camellia sinensis ·≈– Quercus infectoria  “¡“√∂¬—∫¬—Èß°≈‰°

°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬‰¥â¡“°°«à“Àπ÷Ëß°≈‰° æ◊™ ¡ÿπ‰æ√´÷Ëß “¡“√∂‡æ‘Ë¡°“√ – ¡¢Õß¬“¿“¬„π‡´≈≈åºà“π

∑“ß°≈‰°≈¥°“√¢—∫¬“ÕÕ° (efflux pump inhibitor) À√◊Õ√∫°«π°“√∑”ß“π¢Õßºπ—ß‡´≈≈å¥â“ππÕ°

(permeabilizer)  “¡“√∂≈¥°“√¥◊ÈÕ¬“‰¥â∑—Èß·∫§∑’‡√’¬·°√¡≈∫·≈– “¡“√∂ª√–¬ÿ°μå„™â„π¬“‰¥âÀ≈“¬°≈ÿà¡

À“°°“√«‘®—¬¥—ß°≈à“«ª√– ∫§«“¡ ”‡√Á® °“√π”¬“μâ“π®ÿ≈™’æ∑’Ë‡™◊ÈÕ¥◊ÈÕ¬“·≈â«°≈—∫¡“„™â„À¡à√à«¡°—∫ “√≈¥

°“√¥◊ÈÕ¬“®–‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√√—°…“ºŸâªÉ«¬¥â«¬ “‡Àμÿ¢Õß°“√μ‘¥‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë¥◊ÈÕμàÕ¬“ªØ‘™’«π–

§” ”§—≠ :  ¡ÿπ‰æ√,  “√≈¥°“√¥◊ÈÕ¬“, °“√¥◊ÈÕμàÕ¬“ªØ‘™’«π–, °“√‡ √‘¡ƒ∑∏‘Ï

*§≥–°“√·æ∑¬å·ºπ‰∑¬ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
μ. §ÕÀß å Õ. À“¥„À≠à ®.  ß¢≈“ 90112
ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡: sasitorn.chu@psu.ac.th

∫∑π”
ª√–‡∑»‰∑¬·≈–ª√–‡∑»μà“ßÊ ∑—Ë«‚≈°≈â«π°”≈—ß

ª√– ∫ªí≠À“°“√¥◊ÈÕ¬“μâ“π®ÿ≈™’æ¢Õß·∫§∑’‡√’¬∑’Ë

‡ªìπ “‡Àμÿ¢Õß‚√§ ”§—≠À≈“¬™π‘¥ ‡™àπ methicil-

lin resistant Staphylococcus aureus (MRSA)1,

multidrug resistant extended spectrum beta-

lactamases-producing Escherichia coli (MDR

ESBL-producing E. coli)2, ·≈– pandrug-resis-

tant Acinetobacter baumannii (PDRAB)3,4
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·∫§∑’‡√’¬‡À≈à“π’È “¡“√∂æ—≤π“°“√¥◊ÈÕμàÕ “√μâ“π

®ÿ≈™’æ‡æ‘Ë¡¡“°¢÷Èπ‡ªìπ‡ß“μ“¡μ—«¢Õß°“√§âπæ∫ °“√

º≈‘μ ·≈–°“√æ—≤π“„™â¬“μâ“π®ÿ≈™’æ„À¡àÊ °“√‡æ‘Ë¡

¢÷Èπ¢Õß°“√√–∫“¥¢Õß·∫§∑’‡√’¬¥◊ÈÕ¬“ ·≈–‡¡◊ËÕ‡°‘¥

°“√¥◊ÈÕ¢Õß·∫§∑’‡√’¬μàÕ¬“™π‘¥Àπ÷Ëß·≈â«¡—°®–¡’

°“√¥◊ÈÕμàÕ¬“À≈“¬Ê °≈ÿà¡μ“¡¡“¥â«¬ ¥—ßπ—Èπ‡¡◊ËÕ

·∫§∑’‡√’¬¥◊ÈÕ¬“°àÕ‚√§„πºŸâªÉ«¬ ®–∑”„Àâ¡’¬“„Àâ

‡≈◊Õ°„™âπâÕ¬≈ß  àßº≈„Àâ‡°‘¥Õ—μ√“°“√μ“¬∑’Ë Ÿßμ“¡¡“

‚¥¬°“√‡°‘¥°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬ “¡“√∂‡°‘¥¢÷Èπ‰¥â

2 ·π«∑“ßÀ≈—°§◊Õ (°) ‡°‘¥®“°°“√‡≈◊Õ° √√μ“¡

∏√√¡™“μ‘ ‚¥¬„πª√–™“°√·∫§∑’‡√’¬·μà≈–™π‘¥®–¡’

·∫§∑’‡√’¬∑’Ë¡’¬’π¥◊ÈÕ¬“ª–ªπÕ¬Ÿà‡≈Á°πâÕ¬μ“¡∏√√¡™“μ‘

·μà°“√ —¡º— °—∫¬“μâ“π·∫§∑’‡√’¬ ®–∑”≈“¬

·∫§∑’‡√’¬∑’Ë‰¡à¥◊ÈÕ¬“„ÀâÀ¡¥‰ª ‡À≈◊Õ à«π∑’Ë¥◊ÈÕμàÕ¬“

‰«â´÷Ëß®–¡’°“√‡®√‘≠‡æ‘Ë¡®”π«π·≈–· ¥ßÕÕ°‡ªìπ

·∫§∑’‡√’¬¥◊ÈÕ¬“Õ¬à“ß ¡∫Ÿ√≥å À√◊Õ (¢) Õ“®‡°‘¥®“°

°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥‚¥¬°“√„™â¬“μâ“π®ÿ≈™’æ ‚¥¬

·∫§∑’‡√’¬·μà≈–™π‘¥ ‡¥‘¡¡’§«“¡‰«μàÕ¬“μâ“π®ÿ≈™’æ

·μà‡¡◊ËÕ„¥¡’‚Õ°“  —¡º— °—∫¬“μâ“π®ÿ≈™’æ„π¢π“¥

·≈–√–¬–‡«≈“„π°“√„Àâ∑’Ë‰¡à‡À¡“– ¡∑’Ë®–∑”≈“¬

·∫§∑’‡√’¬„ÀâÀ¡¥‰ª ·∫§∑’‡√’¬®–‡°‘¥æ—≤π“°“√

‡ª≈’Ë¬π·ª≈ß “√æ—π∏ÿ°√√¡„Àâ “¡“√∂∑π∑“πμàÕ

°“√∑”≈“¬¢Õß¬“‰¥â ´÷Ëß¡’º≈∑”„Àâ‡°‘¥ªí≠À“°“√

‡æ‘Ë¡¢÷Èπ¢Õß‡™◊ÈÕ¥◊ÈÕ¬“Õ¬à“ßμàÕ‡π◊ËÕß·≈–‡°‘¥„π¬“

À≈“¬°≈ÿà¡ ªí®®ÿ∫—ππ’Èæ∫«à“·∫§∑’‡√’¬¥◊ÈÕ¬“∫“ß “¬

æ—π∏ÿå ‡™àπ MRSA  “¬æ—π∏ÿå∑’Ë¥◊ÈÕμàÕ¬“ vancomy-

cin ·≈– PDRAB ∑’Ë¥◊ÈÕμàÕ¬“ colistin ‰¡à¡’¬“∑“ß

‡≈◊Õ°Õ◊Ëπ„π°“√√—°…“5-8

¥—ßπ—Èπ®÷ß¡’·π«§‘¥„À¡à„π°“√æ—≤π“¬“μâ“π

·∫§∑’‡√’¬ §◊Õ §”π÷ß∂÷ßÀπ∑“ß„π°“√≈¥°“√¥◊ÈÕ¬“

¢Õß·∫§∑’‡√’¬ ¥â«¬°“√„™â “√≈¥°“√¥◊ÈÕ¬“ (resistant

modifying agent; RMA) ‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ

π”‡Õ“¬“∑’Ë‰¡à “¡“√∂π”¡“„™â„π°“√√—°…“‰¥âÕ’°

‡π◊ËÕß®“°ªí≠À“°“√¥◊ÈÕ¬“„Àâ°≈—∫¡“„™â„À¡à‰¥âÕ’°§√—Èß

∑—Èßπ’È ‡æ◊ËÕ≈¥μâπ∑ÿπ„π°“√§‘¥§âπ·≈–∑¥ Õ∫¬“

™π‘¥„À¡à Õ’°∑—Èß¬—ß “¡“√∂¬◊¥√–¬–‡«≈“„π°“√

æ—≤π“°“√¥◊ÈÕμàÕ¬“μâ“π®ÿ≈™’æ¢Õß·∫§∑’‡√’¬9-11

·π«§‘¥¥—ß°≈à“«‡§¬ª√– ∫§«“¡ ”‡√Á®Õ¬à“ß¡“°„π

Õ¥’μ®“°μ—«Õ¬à“ß¢Õß°“√„™â¬“ amoxicillin √à«¡°—∫

clavulanic acid ´÷Ëß∑”Àπâ“∑’Ë¬—∫¬—Èß°“√∑”ß“π¢Õß

‡Õ¡‰´¡å beta-lactamase ÷́Ëß¡’ƒ∑∏‘Ï∑”≈“¬¬“

amoxicillin12,13 ·¡â«à“ªí®®ÿ∫—π®–¬—ß‰¡à¡’º≈‘μ¿—≥±å

„À¡à∑’Ë‡°‘¥®“°°“√„™â “√≈¥°“√¥◊ÈÕ¬“ ‚¥¬‡©æ“–

Õ¬à“ß¬‘Ëß∑’Ë¡“®“°æ◊™·≈– ¡ÿπ‰æ√√à«¡°—∫¬“μâ“π®ÿ≈™’æ

·μàπ—∫‡ªìπÕ’°ª√–‡¥Áπ∑’Ëπà“®—∫μ“¡Õß ‡π◊ËÕß®“°¡’π—°

«‘®—¬À≈“¬°≈ÿà¡„πÀ≈“¬ª√–‡∑»°”≈—ß„Àâ§«“¡ π„®

„π°“√ª√–¬ÿ°μå„™â “√®“°∏√√¡™“μ‘‡æ◊ËÕ‡ªìπ∑“ß

‡≈◊Õ°„π°“√æ—≤π“ “√≈¥°“√¥◊ÈÕ¬“ ”À√—∫¬“À≈“¬

°≈ÿà¡ À“°°“√«‘®—¬¥—ß°≈à“«ª√– ∫§«“¡ ”‡√Á®

°“√π”¬“μâ“π®ÿ≈™’æ‡°à“°≈—∫¡“„™â„À¡à ®–°≈“¬‡ªìπ

Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√√—°…“ºŸâªÉ«¬∑’Ë‡°‘¥°“√μ‘¥‡™◊ÈÕ

·∫§∑’‡√’¬∑’Ë¥◊ÈÕ¬“

°“√ª√–‡¡‘πª√– ‘∑∏‘º≈¢Õß “√≈¥°“√¥◊ÈÕ¬“

°≈‰°°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬ª√–°Õ∫¥â«¬ 3

°≈‰°À≈—°§◊Õ (°) °“√º≈‘μ‡Õπ‰´¡å‡æ◊ËÕ¬—∫¬—Èß°“√

∑”ß“π¢Õß¬“ (¢) °“√≈¥‡ªÑ“À¡“¬¬“·≈–°“√

‡ª≈’Ë¬π·ª≈ß‡ªÑ“À¡“¬¢Õß¬“ ·≈– (§) °“√≈¥°“√

 – ¡¢Õß¬“¿“¬„π‡´≈≈å·∫§∑’‡√’¬‚¥¬°“√≈¥

°“√π”‡¢â“ “√·≈–‡√àß°“√¢—∫ÕÕ°¢Õß¬“ (active

efflux pump)14 °≈‰°°“√¥◊ÈÕ¬“‡À≈à“π’È∑”„Àâ‡°‘¥°“√

Õÿ∫—μ‘„À¡à·≈–°“√°≈—∫¡“Õÿ∫—μ‘„À¡à¢Õß‚√§μ‘¥‡™◊ÈÕ

√«¡∑—Èß àßº≈„ÀâÕ—μ√“°“√μ“¬®“°‚√§μ‘¥‡™◊ÈÕ Ÿß¢÷Èπ3,15

ªí≠À“°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬ ÷́Ëß√–∫“¥‰ª∑—Ë«‚≈°
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 àßº≈„Àâπ—°«‘®—¬„πÀ≈“¬ “¢“«‘™“»÷°…“‡æ◊ËÕÀ“·À≈àß

¢Õß¬“™π‘¥„À¡à‡æ◊ËÕ„™â√—°…“‚√§  “√μâ“π‡™◊ÈÕ

·∫§∑’‡√’¬®“°æ◊™π—∫‡ªìπÕ’°·À≈àßÀπ÷Ëß∑’Ë¡’°“√»÷°…“

·≈–æ—≤π“Õ¬à“ß°«â“ß¢«“ß ‡π◊ËÕß®“°„π∏√√¡™“μ‘æ∫

«à“æ◊™¡’°“√μ‘¥‡™◊ÈÕπâÕ¬´÷Ëß‡ªìπ ‘Ëß∫àß™’È‰¥â¥’∂÷ß°≈‰°

°“√æ—≤π“°“√ªÑÕß°—πμ—«∑’Ë¥’¢Õßæ◊™ æ◊™º≈‘μ “√∑’Ë¡’

‚¡‡≈°ÿ≈¢π“¥‡≈Á°∑’Ë¡’§«“¡ “¡“√∂°“√μâ“π‡™◊ÈÕ‚√§

‡√’¬°«à“ çphytoalexinsé ª√–°Õ∫¥â«¬ “√À≈“¬

°≈ÿà¡‰¥â·°à terpenoids, glycosteroids, flavonoids,

·≈– polyphenols ·μà “√¥—ß°≈à“«¡’§«“¡ “¡“√∂

„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥âπâÕ¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¬“

ªØ‘™’«π–∑’Ëº≈‘μ‰¥â®“°·∫§∑’‡√’¬À√◊Õ‡™◊ÈÕ√“9 ·μà„π

ªï §.». 2000 Stermitz ·≈–§≥–16,17 æ∫§«“¡

 “¡“√∂„π°“√∑”ß“π√à«¡°—π (combination action)

·≈–°“√‡ √‘¡ƒ∑∏‘Ḯ ÷Ëß°—π·≈–°—π (synergistic effect)

¢Õß “√∑’Ë·¬°‰¥â®“°æ◊™ Berberis fremontii °“√

»÷°…“¥—ß°≈à“«∑¥ Õ∫°“√∑”ß“π√à«¡°—π¢Õß ber-

berine ·≈– 5'-methoxyhydnocarpin D ‚¥¬

berberine ‡ªìπ “√ hydrophobic alkaloid ∑’Ë¡’

°≈‰°„π°“√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬‚¥¬√∫°«π

°“√ —ß‡§√“–Àå·≈–°“√∑”ß“π¢Õß DNA ·μà¬—ß‰¡à

 “¡“√∂„™â “√¥—ß°≈à“«„π°“√∑”≈“¬·∫§∑’‡√’¬‰¥â

‡π◊ËÕß®“° “√¥—ß°≈à“«∂Ÿ°¢—∫ÕÕ°‚¥¬ multidrug re-

sistance pump (MDR pump) ¢Õß·∫§∑’‡√’¬

·μà‡¡◊ËÕ∑”ß“π√à«¡°—∫ “√Õ’°™π‘¥Àπ÷Ëß §◊Õ 5'-

methoxyhydnocarpin D ´÷Ëß·¬°‰¥â®“°æ◊™™π‘¥π’È

·≈– “¡“√∂¬—∫¬—Èß MDR pump ‰¥â °“√∑”ß“π√à«¡

°—π¢Õß “√∑—Èß Õß™π‘¥ àßº≈„Àâ‡°‘¥°“√¬—∫¬—Èß°“√

‡®√‘≠¢Õß·∫§∑’‡√’¬18 ®“°·π«§‘¥¥—ß°≈à“«  àßº≈„Àâ

¡’°“√æ—≤π“ berberine ‡™◊ËÕ¡°—∫ INF55 ´÷Ëß‡ªìπ

 “√¬—∫¬—Èß MDR pump æ∫«à“ “√π’È “¡“√∂¬—∫¬—Èß

·∫§∑’‡√’¬‰¥â¥’·≈–æ∫°“√ – ¡¢Õß “√¿“¬„π‡´≈≈å

‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«19  “√∑ÿμ‘¬¿Ÿ¡‘®“°æ◊™ (second-

ary metabolites) ®÷ßÕ“®‡ªìπ·À≈àß¢Õß “√∑’Ë¡’

ª√– ‘∑∏‘º≈¥’„π°“√√—°…“°“√μ‘¥‡™◊ÈÕ·∫∫∑’Ë„™â√à«¡°—π

(combination therapy) ‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘º≈¢Õß¬“

≈¥°“√¥◊ÈÕ¬“ ·≈–‡æ‘Ë¡∑“ß‡≈◊Õ°„π°“√√—°…“„π‚√§

μ‘¥‡™◊ÈÕ

°“√æ‘®“√≥“ªØ‘°‘√‘¬“√–À«à“ß “√≈¥°“√¥◊ÈÕ¬“

·≈–¬“ “¡“√∂∑”‰¥â 4 «‘∏’ §◊Õ checkerboard as-

say, time kill assay, Epsilometer test (E-test),

·≈– isobole method ´÷Ëß·μà≈–«‘∏’®–¡’¢âÕ¥’·≈–¢âÕ

‡ ’¬·μ°μà“ß°—π checkerboard assay ‡ªìπ«‘∏’∑’Ë

∑”‰¥âßà“¬·≈–‡ªìπ∑’Ëπ‘¬¡ ·μà‡ªìπ‡æ’¬ß«‘∏’‡∫◊ÈÕßμâπ„π

°“√ª√–‡¡‘πªØ‘°‘√‘¬“‡∑à“π—Èπ ‚¥¬°“√·ª≈º≈®–„™â§à“

fractional inhibitory concentration index (FIC

index) ‚¥¬§à“¥—ß°≈à“«À“®“° Ÿμ√ FIC index = FIC

¢Õß “√™π‘¥∑’Ë 1 + FIC ¢Õß “√™π‘¥∑’Ë 2 ´÷Ëß§à“ FIC

¢Õß “√·μà≈–™π‘¥§”π«≥®“° —¥ à«π¢Õß§à“§«“¡

‡¢â¡¢âπμË” ÿ¥∑’Ë “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬

(MIC) ¢Õß “√°àÕπ·≈–À≈—ß„™â√à«¡°—π À“°§à“ FIC

index ≤ 0.5 ·ª≈º≈‡ªìπ‡ √‘¡ƒ∑∏‘Ï (Synergistic

interaction) §à“ FIC index > 0.5 ·μà ≤ 4 ·ª≈º≈

‡ªìπ‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß (Indifferentt interaction)

§à“ FIC index > 4 ·ª≈º≈‡ªìπμâ“πƒ∑∏‘Ï°—π (an-

tagonistic interactions) °“√®–„™â«‘∏’π’È„π°“√

ª√–‡¡‘ππ—Èπ®”‡ªìπμâÕß∑√“∫§à“ MIC ¢Õß¬“·≈– “√

≈¥°“√¥◊ÈÕ¬“μàÕ·∫§∑’‡√’¬∑¥ Õ∫π—ÈπÊ «‘∏’ time kill

assay ‡ªìπÕ’°Àπ÷Ëß«‘∏’∑’Ë‰¥â√—∫§«“¡π‘¬¡„π°“√π”‰ª

ª√–‡¡‘πªØ‘°‘√‘¬“√–À«à“ß¬“·≈– “√≈¥°“√¥◊ÈÕ¬“

·≈–¬—ß‡ªìπ«‘∏’∑’Ë “¡“√∂ª√–‡¡‘π§«“¡ “¡“√∂„π°“√

¶à“·∫§∑’‡√’¬¢Õß¬“  “√≈¥°“√¥◊ÈÕ¬“ ·≈–°“√„™â

·∫∫√à«¡°—π¢Õß¬“·≈– “√≈¥°“√¥◊ÈÕ¬“ ‚¥¬¡’À≈—°

°“√§◊Õ∑¥ Õ∫§«“¡ “¡“√∂„π¬—∫¬—È ßÀ√◊Õ¶à“
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·∫§∑’‡√’¬¢Õß¬“ªØ‘™’«π–‡æ’¬ßÕ¬à“ß‡¥’¬«  “√≈¥

°“√¥◊ÈÕ¬“‡æ’¬ßÕ¬à“ß‡¥’¬« ·≈–°“√„™â√à«¡°—π¢Õß∑—Èß

 Õß “√ ‚¥¬π—∫®“°®”π«π‚§‚≈π’μàÕÀπà«¬‡«≈“

·≈– √â“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß‡«≈“·≈–‚§‚≈π’

∑’Ë‡°‘¥¢÷Èπ ‚¥¬§à“§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë®–„™âπ—Èπ¢÷Èπ

Õ¬Ÿà°—∫§à“ MIC ¢Õß “√π—ÈπÊ ·ª≈º≈®“°°“√

‡ª≈’Ë¬π·ª≈ß¢Õß°√“ø∑’Ë‡°‘¥¢÷Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 1

¢âÕ‡ ’¬¢Õß«‘∏’π’È§◊Õ®– ‘Èπ‡ª≈◊Õßª√‘¡“≥ “√·≈–‡ ’¬

‡«≈“„π°“√‡μ√’¬¡°“√∑¥ Õ∫¡“° E-test ‡ªìπ«‘∏’∑’Ë

ßà“¬·≈– –¥«°∑’Ë ÿ¥ „π°“√ª√–‡¡‘πªØ‘°‘√‘¬“

√–À«à“ß¬“·≈– “√≈¥°“√¥◊ÈÕ¬“ ‡π◊ËÕß®“°„™â·ºàπ

æ≈“ μ‘°∑’Ë¡’¬“À≈“¬§«“¡‡¢â¡¢âπμàÕ‡π◊ËÕß„π·ºàπ‡¥’¬«

·≈–¡’¢“¬∑“ß°“√§â“ ÷́Ëß®“°ß“π«‘®—¬√–∫ÿ«à“ «‘∏’¥—ß

°≈à“«„Àâº≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫«‘∏’ checker-

board assay ·≈– time kill assay ‚¥¬¡’À≈—°°“√§◊Õ

«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ MIC ¢Õß¬“ªØ‘™’«π–

·≈– “√≈¥°“√¥◊ÈÕ¬“ „π∫√‘‡«≥∑’Ë‡°‘¥°“√·æ√à¢Õß

 “√∑—Èß Õß™π‘¥ÕÕ°®“°·ºàπ E-test Õ¬à“ß‰√°Áμ“¡ E-

test ‡ªìπ«‘∏’∑’Ëμâπ∑ÿπ¢Õß·ºàπ¬“∑¥ Õ∫§àÕπ¢â“ß Ÿß

‡À¡“–°—∫°“√„™â∑¥ Õ∫ªØ‘°‘√‘¬“μàÕ°—π¢Õß¬“

ªØ‘™’«π– Õß™π‘¥  à«π«‘∏’ isobole method

ªí®®ÿ∫—π‡ªìπ«‘∏’∑’Ëπ‘¬¡„™â∑¥ Õ∫ªØ‘°‘√‘¬“√–À«à“ß¬“

·≈– “√≈¥°“√¥◊ÈÕ¬“ ‚¥¬¡’À≈—°°“√§◊Õ‡ª√’¬∫‡∑’¬∫

§«“¡ “¡“√∂„π°“√¬—∫¬—Èß·∫§∑’‡√’¬¢Õß¬“ªØ‘™’«π–

 “√≈¥°“√¥◊ÈÕ¬“ ·≈–°“√„™â√à«¡°—π√–À«à“ß¬“

ªØ‘™’«π–·≈– “√≈¥°“√¥◊ÈÕ¬“∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ °—π

 √â“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß¬“ªØ‘™’«π– (·°π X)

·≈– “√≈¥°“√¥◊ÈÕ¬“ (·°π Y) ‡ª√’¬∫‡∑’¬∫°—∫°“√

„™â√à«¡°—π¢Õß “√∑—Èß Õß™π‘¥ ‚¥¬·ª≈º≈®“°√Ÿª

·∫∫¢Õß°√“ø‡ âπ∑’Ëª√“°Ø¢÷Èπ  “¡“√∂„™â‰¥â∑—Èß„π

°“√∑¥ Õ∫√–¥—∫À≈Õ¥∑¥≈Õß·≈–„π —μ«å∑¥≈Õß

‡ªìπ°“√»÷°…“ƒ∑∏‘Ï¢Õß “√∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ „π

√Ÿª·∫∫ “√‡¥’Ë¬«·≈– “√º ¡ ·ª≈º≈‚¥¬°“√π”

¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥ Õ∫· ¥ß„π√Ÿª·∫∫°√“ø

‡ âπ11,20-22 °“√·ª≈º≈ ”À√—∫«‘∏’∑—Èß “¡· ¥ß„π√Ÿª

∑’Ë 1

 “√≈¥°“√¥◊ÈÕ¬“∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬¬—∫¬—ÈßÀ√◊Õ
∑”≈“¬°≈‰° enzymatic degradation

°“√º≈‘μ‡Õπ‰´¡å‡æ◊ËÕ°“√∑”≈“¬À√◊Õ‡ª≈’Ë¬π

·ª≈ß‚§√ß √â“ß¢Õß¬“‡ªìπ«‘∏’∑’Ëæ∫∫àÕ¬´÷Ëß∑”„Àâ

·∫§∑’‡√’¬¥◊ÈÕ¬“ªØ‘™’«π– ¬°μ—«Õ¬à“ß‡™àπ „π¬“°≈ÿà¡

beta-lactam §«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å

beta-lactamases ¢Õß·∫§∑’‡√’¬ ´÷Ëß®–ÕÕ°ƒ∑∏‘Ï

∑”≈“¬ beta-lactam ring ∫√‘‡«≥ serine residue

∑”„Àâ¬“‰¡à “¡“√∂ÕÕ°ƒ∑∏‘Ï∑”≈“¬·∫§∑’‡√’¬‰¥â·≈–

 àßº≈ ”§—≠„Àâ·∫§∑’‡√’¬À≈“¬™π‘¥¥◊ÈÕμàÕ¬“°≈ÿà¡¥—ß

°≈à“«  “¡“√∂·∫àß beta-lactamases μ“¡Àπâ“∑’Ë

‰¥â‡ªìπ 4 °≈ÿà¡ §◊Õ (°) °≈ÿà¡‡Õπ‰´¡å cephalo-

sporinases ¡’§«“¡ “¡“√∂„π°“√∑”≈“¬¬“°≈ÿà¡

cephalosporins (¢) °≈ÿà¡‡Õπ‰´¡å TEM- and SHV-

derived beta-lactamases ‡ªìπ°≈ÿà¡„À≠à ÿ¥¢Õß

beta-lactamases ¡’‡Õπ‰´¡å ”§—≠Ê ‰¥â·°à broad-

spectrum beta-lactamases ·≈– extended-

broad-spectrum beta-lactamases (ESBL) ´÷Ëß

¡’§«“¡ “¡“√∂„π°“√∑”≈“¬ third-generation

cephalosporins ‡ªìπμâπ (§) °≈ÿà¡‡Õπ‰´¡å metallo-

beta-lactamases ·≈– (ß) °≈ÿà¡‡Õπ‰´¡å penicilli-

nases no molecular class §«“¡ “¡“√∂°“√º≈‘μ

beta-lactamases æ∫‰¥â∑—Èß„π·∫§∑’‡√’¬·°√¡∫«°

·≈– ·°√¡≈∫ ‡™àπ S. aureus, E. coli, Salmonella

enterica serovar Typhimurium, Klebsiella

pneumoniae, Haemophilus influenzae, ·≈–

P. aeruginosa ‡ªìπμâπ25 clavulanic acid ‡ªìπ
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 “√≈¥°“√¥◊ÈÕ¬“∑’Ë “¡“√∂®—∫°—∫‡Õπ‰´¡å beta-

lactamases ¬—∫¬—Èß°“√ hydrolysis ¬“ªØ‘™’«π– ¡’

°“√π”¡“„™â∑“ß°“√§â“√à«¡°—∫ amoxicillin ·μà°“√

¥◊ÈÕμàÕ clavulanic acid ¢Õß‡Õπ‰´¡å„π°≈ÿà¡π’È¬—ß

§ß¡’√“¬ß“πÕ¬Ÿà∑—Ë«‰ª °“√À“ “√≈¥°“√¥◊ÈÕ¬“∑“ß

‡≈◊Õ°®“°·À≈àß„À¡à‡æ◊ËÕ„™â„π°“√¬—∫¬—ÈßÀ√◊Õ∑”≈“¬

‡Õπ‰´¡åπ’È®÷ß‡ªìπ∑’Ë π„®¢Õßπ—°«‘∑¬“»“ μ√å„πÀ≈“¬

°≈ÿà¡ ¡’ “√®“°æ◊™ ¡ÿπ‰æ√À≈“¬™π‘¥ (μ“√“ß∑’Ë 1)

∑’Ë¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß beta-lactamases ‡™àπ

epigallocatechin gallate (EGCg) ·¬°‰¥â®“°™“

(Camellia sinensis)  “¡“√∂¬—∫¬—Èß°“√º≈‘μ peni-

cillinase ®“° MRSA ·≈– beta-lactamase pro-

ducing S. aureus  àß‡ √‘¡°“√∑”ß“π¢Õß penicil-

lin ·≈– ampicillin/sulbactam ‡¡◊ËÕ∑¥ Õ∫‚¥¬«‘∏’

checkerboard assay ·≈– time kill assay æ∫«à“

EGCg ´÷Ëß¡’§à“MIC ‡ªìπ 100 mg/L ∑’Ë§«“¡‡¢â¡¢âπ

μË”°«à“§à“ MIC (sub-MIC)  “¡“√∂≈¥§à“ MIC

¢Õß¬“¥—ß°≈à“«μàÕ‡™◊ÈÕ∑¥ Õ∫≈ß‰¥â√–À«à“ß 4-16

‡∑à“26 ¢à“‡≈Á° (Alpinia officinarum) ‡ªìπæ◊™ ¡ÿπ

‰æ√‰∑¬Õ’°™π‘¥Àπ÷Ëß∑’Ë¡’§«“¡ “¡“√∂„π°“√≈¥°“√

¥◊ÈÕ¬“¢Õß S. aureus æ∫«à“ galangin  “√∫√‘ ÿ∑∏‘Ï∑’Ë

·¬°‰¥â®“°¢à“‡≈Á°‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¬—∫¬—Èß

·∫§∑’‡√’¬¢Õß¬“‰¥âÀ≈“¬™π‘¥ ‡™àπ amoxicillin,

ampicillin, penicillin G, ·≈– cloxacillin ‡ªìπμâπ

‡¡◊ËÕ∑¥ Õ∫¥â«¬«‘∏’ checkerboard assay §à“ FIC

index ¡’§à“√–À«à“ß <0.02-0.1127 ®“°°“√∑¥ Õ∫

eugenol ´÷Ëß‡ªìπ “√ ”§—≠¢ÕßπÈ”¡—π°“πæ≈Ÿ

(Eugenia aromatica) ¥â«¬«‘∏’ isobole method

æ∫«à“ “√¥—ß°≈à“« “¡“√∂‡ √‘¡ƒ∑∏‘Ï°—∫ ampicillin

„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬À≈“¬™π‘¥ ‡™àπ

E. coli, P. aeruginosa, E. aerogenes, S.

Typhimurium ·≈– Proteus vulgaris9 πÕ°®“°

π’È®“°°“√»÷°…“§«“¡ “¡“√∂„π°“√¬—∫¬—Èß‡Õπ‰´¡å

beta-lactamases „πÀ≈Õ¥∑¥≈Õß¢Õßæ◊™ ¡ÿπ

‰æ√®”π«π 16 ™π‘¥„π·§¡‡¡Õ√Ÿπ (Cameroon)

æ∫«à“¡“°°«à“ 90% ¢Õß ¡ÿπ‰æ√∑’Ë∑¥ Õ∫ “¡“√∂

¬—∫¬—Èß‡Õπ‰´¡åπ’È‰¥âÕ¬à“ßπâÕ¬ 1 ™π‘¥ Õ¬à“ß‰√°Áμ“¡

º≈°“√∑¥≈Õßπ’È¬—ß‰¡à‰¥â∑¥ Õ∫„π·∫§∑’‡√’¬28 ®“°

√Ÿª∑’Ë 1 °“√ª√–‡¡‘πº≈°“√∑¥ Õ∫ªØ‘°‘√‘¬“√–À«à“ß

 “√≈¥°“√¥◊ÈÕ¬“·≈–¬“¥â«¬«‘∏’ (°) time kill

assay · ¥ßº≈°“√‡ √‘¡ƒ∑∏‘Ï√–À«à“ß “√≈¥

°“√ ¥◊ÈÕ¬“ ellagic acid ·≈–¬“ rifampicin23,

(¢) Epsilometer test22, ·≈– (§) isobole

method24
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√“¬ß“π‡∫◊ÈÕßμâπ‡ªìπ∑’Ëπà“ π„®«à“ “√æ◊™À≈“¬™π‘¥

·¡â¡’§«“¡ “¡“√∂„π°“√μâ “π·∫§∑’ ‡√’¬‚¥¬

∏√√¡™“μ‘μË” (low intrinsic antibacterial activ-

ity) ·μà “¡“√∂‡ √‘¡ƒ∑∏‘Ï°—∫¬“ªØ‘™’«π–‰¥â¥’ ‡æ’¬ß

·μà¬—ß¢“¥°“√∑¥≈Õß„π√–¥—∫ —μ«å∑¥≈Õß√«¡∂÷ß

°“√ª√–¬ÿ°μå„™âÕ¬à“ß®√‘ß®—ß

 “√≈¥°“√¥◊ÈÕ¬“∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬¬—∫¬—ÈßÀ√◊Õ
∑”≈“¬°≈‰° target alteration

°“√¥◊ÈÕ¬“ªØ‘™’«π–¥â«¬°≈‰°°“√‡ª≈’Ë¬π·ª≈ß

‡ªÑ“À¡“¬¢Õß¬“ §◊Õ ¬“ªØ‘™’«π– “¡“√∂‡¢â“‰ª„π

ºπ—ß‡´≈≈å‰ª∂÷ß‡ªÑ“À¡“¬‰¥â·μà‰¡à “¡“√∂‡¢â“®—∫°—∫

‡ªÑ“À¡“¬‰¥â ‡æ√“–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚§√ß √â“ß

μ“√“ß∑’Ë 1 μ—«Õ¬à“ß “√≈¥°“√¥◊ÈÕ¬“®“°æ◊™∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬°“√¬—∫¬—ÈßÀ√◊Õ∑”≈“¬‡Õπ‰´¡å¢Õß·∫§∑’‡√’¬∑’Ë∑”≈“¬¬“

Active constituents
Medicinal plants Antibiotics Pathogens

/Active extracts

Alpinia officinarum Galangin (√Ÿª∑’Ë 2°) amoxicillin ampicillin penicillins-resistant
cloxacillin penicillin G Staphylococcus aureus27

Bridelia micrantha28 methylene chloride/methanol NA NA
extract

Camellia sinensis epigallocatechin gallate ampicillin/sulbactam beta-lactamase producing
(√Ÿª∑’Ë 2¢)29 penicillin S. aureus30

methicillin resistant

Staphylococcus aureus (MRSA)26

Emblica officinalis ethanol extract amoxicillin MRSA31

Eugenia aromatic9 eugenol (√Ÿª∑’Ë 2§) ampicillin penicillin Enterobacter aerogenes
Escherichia coli

Proteus vulgaris
Pseudomonas aeruginosa
Salmonella enterica serotype

Typhimurium

Fissistigma cavaleriei salicylsalicylic acid NA P. aeruginosa32

(√Ÿª∑’Ë 2ß)

Garcinia lucida28 methylene chloride/methanol NA NA

extract

Mammea africana28 methylene chloride/methanol NA NA

extract

Nymphae odorata ethanol extract amoxicillin MRSA31

Quercus infectoria ethanol extract amoxicillin MRSA33

penicillin G

NA; Not applicable
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molecule ¢Õß‡ªÑ“À¡“¬ ®÷ß∑”„Àâ¬“ÕÕ°ƒ∑∏‘ÏμàÕ‰¡à‰¥â

μ—«Õ¬à“ß∑’Ëæ∫¡“° §◊Õ °“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß

penicillin binding protein (PBP) ´÷Ëß‡ªìπ‡ªÑ“

À¡“¬¢Õß¬“„π°≈ÿà¡ beta-lactam „π·∫§∑’‡√’¬ ‡™àπ

MRSA, Streptococcus pneumoniae ·≈– Neis-

seria meningitidis ‡ªìπμâπ8 ·¡â«à“ªí®®ÿ∫—ππ’È¬—ß‰¡à¡’

 “√≈¥°“√¥◊ÈÕ¬“ ”À√—∫°≈‰°°“√¥◊ÈÕ¬“π’È∑’Ë “¡“√∂

æ—≤π“‡ªìπº≈‘μ¿—≥±å‰¥â ·μà®“°√“¬ß“πμà“ßÊ æ∫«à“

æ◊™Õ“®‡ªìπ·À≈àß ”§—≠Õ’°·À≈àß„π°“√§âπÀ“ “√≈¥

°“√¥◊ÈÕ¬“„π°≈‰°π’È (μ“√“ß∑’Ë 2) æ◊™∑’Ë¡’√“¬ß“π°“√

ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°≈‰°°“√¥◊ÈÕ¬“ ÷́Ëß‡°’Ë¬«¢âÕß°—∫ target

alteration ¡“°∑’Ë ÿ¥ §◊Õ ™“ À≈“¬ß“π«‘®—¬‡ÀÁπμ√ß

°—π«à“ epicatechin gallate (ECg) ·≈– EGCg

´÷Ëß‡ªìπ “√ ”§—≠„π™“¡’§«“¡ “¡“√∂„π°“√≈¥°“√

¥◊ÈÕ¬“¢Õß MRSA μàÕ¬“ oxacillin ·≈– carba-

penems  “√¥—ß°≈à“«ÕÕ°ƒ∑∏‘Ï‚¥¬°“√√∫°«π°“√

∑”ß“π¢Õßºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬™π‘¥π’È34 °“√∑”ß“π

¢Õß “√∑—Èß Õß™π‘¥π’È®–‡æ‘Ë¡¡“°¢÷Èπ‡¡◊ËÕº ¡°—∫

epicatechin (EC) À√◊Õ epigallocatechin (EGC)

÷́Ëß‡ªìπ “√®“°™“‡™àπ‡¥’¬«°—π35 ·μàÕ¬à“ß‰√°Áμ“¡æ∫

√Ÿª∑’Ë 2 ‚§√ß √â“ß∑“ß‡§¡’¢Õß “√ ”§—≠μà“ßÊ ́ ÷Ëß·¬°®“°æ◊™ ¡ÿπ‰æ√·≈–¡’§«“¡ “¡“√∂„π°“√‡ªìπ “√≈¥°“√¥◊ÈÕ¬“

‚¥¬¡’°≈‰°°“√ÕÕ°ƒ∑∏‘Ï·∫àß‡ªìπ 3 °≈‰°À≈—° §◊Õ (°) ¬—∫¬—Èß°“√º≈‘μÀ√◊Õ∑”≈“¬‡Õπ‰´¡å¢Õß·∫§∑’‡√’¬∑’Ë

∑”≈“¬¬“ (¢) ¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ßμ”·Àπàß‡ªÑ“À¡“¬¢Õß¬“ ·≈– (§) ‡æ‘Ë¡°“√ – ¡¢Õß¬“ªØ‘™’«π–

¿“¬„π‡´≈≈å
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§«“¡¢—¥·¬âß¢Õßº≈μàÕ°“√ √â“ß PBP ¢Õß MRSA

°≈à“«§◊Õ Yam ·≈–§≥– (1997)36 æ∫«à“ “√ °—¥

®“°™“ “¡“√∂≈¥ª√‘¡“≥°“√º≈‘μ¢Õß PBP1 ·≈–

PBP2a ¢Õß·∫§∑’‡√’¬™π‘¥π’È ·μà¢≥–‡¥’¬«°—π∫“ß

√“¬ß“π°“√«‘®—¬∫àß™’È«à“ “√ ”§—≠®“°™“´÷ËßÕÕ°ƒ∑∏‘Ï

≈¥°“√¥◊ÈÕμàÕ¬“ oxacillin π—Èπ ‰¡à¡’º≈μàÕ°“√

· ¥ßÕÕ°À√◊Õª√‘¡“≥¢Õß PBP2a37,38 ·μà°≈‰°°“√

ÕÕ°ƒ∑∏‘Ï∑’Ë ”§—≠§◊Õ°“√·∑√°μ—«¢Õß “√¥—ß°≈à“«

‡¢â“‰ª„πºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬π’È  “√°≈ÿà¡ polyphe-

nols π’È¬—ß·¬°‰¥â®“° Caesalpinia spinosa (Tara)

·≈–æ∫«à“¡’§«“¡ “¡“√∂„π°“√≈¥°“√¥◊ÈÕ¬“ oxacil-

lin ·≈– cephapirin ¢Õß S. aureus ∑—Èß°≈ÿà¡∑’Ë¥◊ÈÕ¬“

·≈–°≈ÿà¡∑’Ë‰«μàÕ¬“™π‘¥π’È40  “√°≈ÿà¡ flavonoids

‡™àπ galangin ÷́Ëß√∫°«π°“√∑”ß“π¢Õßºπ—ß‡´≈≈å

·≈–‡¬◊ËÕÀÿâ¡‡´≈≈å¢Õß S. aureus40  “¡“√∂‡æ‘Ë¡§«“¡

‰«¢Õß penicillins-resistant S. aureus μàÕ¬“

ceftazidime ·≈– methicillin ‰¥â‡™àπ‡¥’¬«

°—π27 ·¡â«à“°“√¥◊ÈÕ¬“¥â«¬°≈‰°°“√‡ª≈’Ë¬π·ª≈ß‡ªÑ“

À¡“¬¢Õß¬“π—Èπ®–æ∫„π·∫§∑’‡√’¬À≈“¬™π‘¥ ·μà

æ∫«à“¡’‡æ’¬ß√“¬ß“π°“√∑¥ Õ∫ “√≈¥°“√¥◊ÈÕ¬“„π

S. aureus ‡∑à“π—Èπ √«¡∑—Èß¡’°“√»÷°…“„πæ◊™‰¡à°’Ë™π‘¥

°“√»÷°…“„πæ◊™∑’Ë¡’§«“¡À≈“°À≈“¬¡“°¢÷Èπ Õ“® àß

º≈„Àâæ∫ “√≈¥°“√¥◊ÈÕ¬“∑’Ë¡’ª√– ‘∑∏‘º≈ “¡“√∂π”

¬“°≈ÿà¡ beta-lactam °≈—∫¡“„™â√—°…“‚√§ ÷́Ëß‡°‘¥

®“°·∫§∑’‡√’¬¥◊ÈÕ¬“‰¥â¥’Õ’°§√—Èß

 “√≈¥°“√¥◊ÈÕ¬“∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬°“√‡æ‘Ë¡°“√
 – ¡¢Õß¬“¿“¬„π‡´≈≈å

°“√∑’Ë¬“ªØ‘™’«π–®–ÕÕ°ƒ∑∏‘Ï‰¥â μ—«¬“®–

μâÕßºà“π‡¢â“‡´≈≈å¢Õß·∫§∑’‡√’¬‡ ’¬°àÕπ °“√‡¢â“ Ÿà

μ“√“ß∑’Ë 2 μ—«Õ¬à“ß “√≈¥°“√¥◊ÈÕ¬“®“° ¡ÿπ‰æ√´÷ËßÕÕ°ƒ∑∏‘Ï‚¥¬°“√¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ßμ”·Àπàß‡ªÑ“À¡“¬¢Õß¬“

Medicinal plants Active constituents/Active extracts Antibiotics Pathogens

Alpinia officinarum Galangin (√Ÿª∑’Ë 2°) ceftazidime penicillins-resistant

methicillin Staphylococcus aureus27

Berberidaceae Flavone, 6,7-DF6,7-DF, 3',4'-DF7,8-DF, methicillin methicillin resistant

and Senna Luteolin, Kaempferol, Apigenin S. aureus (MRSA)

petersiana (√Ÿª∑’Ë 2®)40 methicillin susceptible

S. aureus (MSSA)

Caesalpinia Ethyl gallate (3), Propyl gallate (4), cephapirin MRSA/MSSA

spinosa Isobutyl gallate (5) Butyl gallate (6) oxacillin

isoAmyl gallate (7), Pentyl gallate (8)

(√Ÿª∑’Ë 2©)38

Camellia sinensis Epicatechin gallate (ECg) ·≈– epigallocatechin oxacillin mecA-containing strains

gallate (EGCg) (√Ÿª∑’Ë 2™ ), epicatechin (EC) of S. aureus

·≈– epigallocatechin (EGC) (√Ÿª∑’Ë 2´)34

EGC29 carbapenem MRSA

ECg36 oxacillin MRSA
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‡´≈≈å¢Õß¬“Õ“®„™âæ≈—ßß“πÀ√◊Õ‰¡à„™âæ≈—ßß“π°Á‰¥â

™à Õß∑“ß ”§—≠∑’Ë ¬ “ªØ‘ ™’ «π–®– ‡¢â “ ‡´≈≈å ¢Õß

·∫§∑’‡√’¬§◊Õ∑’Ë outer membrane protein ´÷Ëß‡ªìπ

‚ª√μ’π∑’Ë¡’≈—°…≥–‡ªìπ™àÕß  ”À√—∫¢π àß‚¡‡≈°ÿ≈ºà“π

lipid bilayer membranes ‡ªìπ permeability

 ”À√—∫‚¡‡≈°ÿ≈∑’Ë≈–≈“¬πÈ”‰¥â (hydrophillic solutes)

°≈‰°°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬‚¥¬°“√≈¥°“√ – ¡

¢Õß¬“¿“¬„π‡´≈≈å·∫§∑’‡√’¬Õ“®‡°‘¥¢÷Èπ‚¥¬°≈‰°

À≈—° 2 °≈‰° §◊Õ °“√≈¥°“√ ÷́¡ºà“π¢Õß¬“‡¢â“ Ÿà‡´≈≈å

(decreased permeability) ·≈–°“√¢—∫¬“ÕÕ°®“°

‡´≈≈å (active efflux) πÕ°®“°π’È°“√≈¥°“√π”¬“

‡¢â“ Ÿà‡´≈≈å·∫§∑’‡√’¬Õ“®‡°‘¥®“°ªí®®—¬∑’Ë‰¡à‡°’Ë¬«¢âÕß

°—∫·∫§∑’‡√’¬‚¥¬μ√ß ‡™àπ °“√ √â“ß biofilm „π

coaglase-negatie Staphylococcus spp. À√◊Õ

ªí®®—¬∑’Ë‡°’Ë¬«°—∫¬“ ‡™àπ ¢π“¥‚¡‡≈°ÿ≈∑’Ë„À≠à ¡’

ª√–®ÿ‰øøÑ“‰¡à‡À¡“– ¡ °“√‰¡à≈–≈“¬πÈ” (hydropho-

bicity) ‡ªìπμâπ14

°“√æ—≤π“¢Õß°“√¥◊ÈÕμàÕ¬“ªØ‘™’«π–¥â«¬°“√

‡√àß°√–∫«π°“√¢—∫ÕÕ°πÕ°‡´≈≈å (multidrug resis-

tant pump; MDRp) ‡ªìπ°√–∫«π°“√ªÑÕß°—π

‡´≈≈å¢Õß·∫§∑’‡√’¬ ‚¥¬°“√≈¥°“√ – ¡¢Õß “√

μâ“π·∫§∑’‡√’¬¿“¬„π‡´≈≈å °“√¢—∫¬“ÕÕ°πÕ°‡´≈≈å

„™âæ≈—ßß“π®“° ATP hydrolysis ·≈– ion gradi-

ent ‚¥¬ “¡“√∂·∫àß°≈ÿà¡¢Õß MDRp ÕÕ°‰¥â‡ªìπ 5

°≈ÿà¡„À≠àÊ (√Ÿª∑’Ë 3°)42,43 §◊Õ (°) the major fa-

cilitator superfamily (MFS) ‡ªìπ™àÕß∑“ßπ”

¢π àß “√∑’Ë¡’§«“¡À≈“°À≈“¬¡“°  “¡“√∂¢π àß

 “√‰¥âÀ≈“¬°≈ÿà¡ ‡™àπ °√¥Õ–¡‘‚π πÈ”μ“≈™π‘¥μà“ßÊ

·≈–¬“ªØ‘™’«π–À≈“¬™π‘¥ MDRp ∑’Ë ”§—≠Ê ∑’ËÕ¬Ÿà

„π°≈ÿà¡π’È‰¥â·°à NorA ·≈– QacA ¢Õß S. aureus

´÷Ëß®–¢—∫ quaternary amine compounds, chlor-

hexidine, fluoroquinolones ·≈– chloram-

phenical ‡ªìπμâπ PmrA ¢Õß Streptococcus

pneumoniae ́ ÷Ëß®–¢—∫ fluoroquinolones ·≈– LfrA

¢Õß Mycobacterium smegmatis ´÷Ëß®–¢—∫ qua-

ternary amine compounds, acriflavin, ·≈–

fluoroquinolones ‡ªìπμâπ (¢) the small multidrug

resistance family (SMR) ‡ªìπ MDRp ∑’Ë°≈ÿà¡‡≈Á°

∑’Ë ÿ¥ “¡“√∂¢—∫ “√ÕÕ°‰¥âπâÕ¬™π‘¥ ‚¥¬ à«π„À≠à

®–‡ªìπ “√‡§¡’∑’Ëπ‘¬¡„™â¶à“‡™◊ÈÕ‡™àπ benzalkonium

chloride À√◊Õ cetyltrimethylammonium bro-

mide ·μà®–‰¡à‡°’Ë¬«¢âÕß°—∫°≈‰°°“√¥◊ÈÕμàÕ¬“

ªØ‘™’«π– ‡™àπ Smr „π S. aureus ‡ªìπμâπ (§) re-

sistance-nodulation-division family (RND) ‡ªìπ

MDRp °≈ÿà¡∑’Ë¡’§«“¡ ”§—≠¡“°„π·∫§∑’‡√’¬·°√¡

≈∫ ‡™àπ E. coli, P. aeruginosa ·≈– A. baumannii

‡ªìπμâπ ∑”Àπâ“∑’Ë¢—∫ “√ÕÕ°‰¥âÀ≈“¬°≈ÿà¡ ‰¥â·°à ‚≈À–

‡™àπ cobalt, zinc, cadmium, ·≈– nickel ¬“

ªØ‘™’«π– ‡™àπ ¬“°≈ÿà¡ beta-lactam, ¬“°≈ÿà¡

fluoroquinolones, chloramphenical, erythromy-

cin, aminocoumarins ·≈– tetracycline ‡ªìπμâπ

 “√‡§¡’∑’Ë„™â¶à“‡™◊ÈÕ ‡™àπ sodium dodecylsulfate ·≈–

triclosan π—∫‡ªìπ°≈ÿà¡¢Õß MDRp ∑’Ë‰¥â√—∫§«“¡

 π„®»÷°…“«‘®—¬‡ªìπÕ¬à“ß¡“° ‡π◊ËÕß®“°‡ªìπ°≈‰°

À≈—°∑’Ë∑”„Àâ‡°‘¥°“√¥◊ÈÕ¬“„π·∫§∑’‡√’¬·°√¡≈∫ (ß)

ATP-binding cassette family (ABC) ‡ªìπ°≈ÿà¡

¢Õß MDRp ∑’Ë¡’§«“¡·μ°μà“ß®“°∑ÿ°°≈ÿà¡¢â“ßμâπ

‡π◊ËÕß®“°°≈ÿà¡π’È„™âæ≈—ßß“π®“°°“√ ≈“¬ ATP „π

°“√¢—∫ “√À√◊Õ¬“ªØ‘™’«π–ÕÕ°®“°‡´≈≈å μ—«Õ¬à“ß∑’Ë

 ”§—≠„π°≈ÿà¡π’È‰¥â·°à LmrA „π Lactococcus lactis

∑”Àπâ“∑’Ë¢—∫ ethidium bromide ·≈– daunomy-

cin ‡ªìπμâπ (®) multidrug and toxic compound

extrusion family (MATE) ‡ªìπ MDRp ªí®®ÿ∫—π

æ∫√“¬ß“π‡©æ“–„π·∫§∑’‡√’¬·°√¡≈∫ μ—«Õ¬à“ß‡™àπ
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NorM ¢Õß·∫§∑’‡√’¬°≈ÿà¡ Neisseria gonorrhoeae,

N. meningitidis ·≈– Vibrio parahaemolyticus

´÷Ë ß ‡ªìπ “‡Àμÿ∑”„Àâ·∫§∑’ ‡√’¬°≈ÿà¡π’È¥◊È ÕμàÕ¬“

ªØ‘™’«π–°≈ÿà¡ fluoroquinolones ‡ªìπμâπ44,45 ®“°

§«“¡ “¡“√∂¢Õß MDRp ´÷Ëß àßº≈„Àâ‡°‘¥°“√¥◊ÈÕ¬“

‰¥âÀ≈“°À≈“¬™π‘¥ ®÷ß∑”„Àâ‡°‘¥§«“¡æ¬“¬“¡„π

°“√À¬ÿ¥°√–∫«π°“√¢π àßÕÕ°¢Õß MDRp ‡æ◊ËÕ

‡æ‘Ë¡§«“¡‰«¢Õß·∫§∑’‡√’¬μàÕ¬“ªØ‘™’«π– ‚¥¬

Munoz-Price ·≈– Weinstein (2008)46 ‰¥â‡ πÕ

·π–·π«∑“ß‰«â 6 ·π«∑“ß (√Ÿª∑’Ë 3¢) ‰¥â·°à (°) ¬—∫¬—Èß/

√Ÿª∑’Ë 3 (°) §«“¡·μ°μà“ß√–À«à“ß™π‘¥·≈–‚§√ß √â“ß¢Õß efflux pump ¢Õß·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫  “¡“√∂

·∫àß‰¥â‡ªìπ 5 °≈ÿà¡ §◊Õ (A/E) the major facilitator superfamily (MFS) (B) the small multidrug resistance

family (SMR) (C) ATP-binding cassette family (ABC) (D) resistance-nodulation-division family (RND)

(F) multidrug and toxic compound extrusion family (MATE) ·≈–‚§√ß √â“ß‡ªÑ“À¡“¬¢Õß “√≈¥°“√

¥◊ÈÕ¬“∑’Ë¡’°≈‰°‡æ‘Ë¡°“√ – ¡¢Õß¬“¿“¬„π‡´≈≈å·∫§∑’‡√’¬ (¢)
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‡ª≈’Ë¬π·ª≈ß°“√· ¥ßÕÕ°¢Õß gene ∑’Ë àßº≈μàÕº≈‘μ

MDRp (¢) ¬—∫¬—Èß°√–∫«π°“√ √â“ß‚ª√μ’π∑’Ë‡ªìπ

Õß§åª√–°Õ∫¢Õß MDRp (§) ¬—∫¬—Èß°“√¢—∫ “√ÕÕ°

∫√‘‡«≥ OM (ß) ∑”≈“¬·À≈àßæ≈—ßß“π (®)  √â“ß “√

™π‘¥Õ◊Ëπ¡“·¬àß®—∫°—∫ MDRp ·∑π¬“ªØ‘™’«π– (©)

‡ª≈’Ë¬π‚§√ß √â“ß¢Õß¬“ªØ‘™’«π–‡æ◊ËÕ‰¡à„Àâ®—∫°—∫

MDRp °“√»÷°…“ “√®“°æ◊™‡æ◊ËÕ„™â„π°“√¬—∫¬—Èß

MDRp (efflux pump inhibitor; EPI) æ∫«à“°”≈—ß

‡æ‘Ë¡¡“°¢÷Èπ„πªí®®ÿ∫—π (μ“√“ß∑’Ë 3) °“√»÷°…“ à«π

„À≠à∑”°“√∑¥≈Õß„π√–¥—∫À≈Õ¥∑¥≈Õß·≈–¡ÿàß

‡πâπ°“√æ—≤π“ EPI  ”À√—∫·∫§∑’‡√’¬·°√¡∫«°

·≈–ªí®®ÿ∫—π¬—ß‰¡à¡’√“¬ß“π°“√∑¥≈Õß„™â„π —μ«å

∑¥≈ÕßÀ√◊Õ„π¡πÿ…¬å

5'-methoxyhydnocarpin-D (5ûMHC-D)

‡ªìπ “√®“°æ◊™°≈ÿà¡ Berberis ™π‘¥·√°∑’Ëπ—°«‘®—¬

„Àâ§«“¡ π„®»÷°…“§ÿ≥ ¡∫—μ‘„π°“√‡ªìπ EPI

‡π◊ËÕß®“° “¡“√∂‡æ‘Ë¡°“√ – ¡¢Õß berberine

¿“¬„π‡´≈≈å S. aureus ∑”„Àâ berberine  “¡“√∂

ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬‰¥â ·≈–‡¡◊ËÕ∑¥ Õ∫μàÕ‚¥¬

„™â¬“ªØ‘™’«π– æ∫«à“ 5ûMHC-D  “¡“√∂≈¥°“√¥◊ÈÕ

μàÕ¬“ ciprofloxacin ¢Õß S. aureus, E. coli ·≈–

P. aeruginosa ‰¥â πÕ°®“°π’È¬—ß¡’√“¬ß“π¢Õß “√

pheophorbide a ´÷Ëß·¬°‰¥â®“°æ◊™°≈ÿà¡‡¥’¬«°—ππ’È

¡’§«“¡ “¡“√∂„π°“√‡ªìπ EPI ‰¥â‡™àπ‡¥’¬«°—∫

5ûMHC-D  “√°≈ÿà¡ polyphenols ‡ªìπÕ’°°≈ÿà¡∑’Ë‰¥â

√—∫§«“¡ π„®»÷°…“§ÿ≥ ¡∫—μ‘„π°“√‡ªìπ EPI

Roccaro ·≈–§≥– (2004)48 æ∫«à“ EGCg  “¡“√∂

¬—∫¬—Èß°“√∑”ß“π¢Õß Tet (K) ·≈–‡æ‘Ë¡§«“¡‰«¢Õß

MRSA μàÕ¬“ tetracycline À√◊Õ ellagic acid ∑’Ë

 “¡“√∂æ∫„πæ◊™À≈“¬™π‘¥ ·¡â‰¡à¡’ƒ∑∏‘Ï¶à“‡™◊ÈÕ

·∫§∑’‡√’¬·μà¡’§«“¡ “¡“√∂„π°“√‡ªìπ “√≈¥°“√

¥◊ÈÕ¬“¢Õß MDR A. baumannii μàÕ¬“À≈“¬™π‘¥23

 “√ diterpenes ®“° Lycopus europaeus  “¡“√∂

‡æ‘Ë¡ª√– ‘∑∏‘º≈„Àâ°—∫ tetracycline ·≈– erythro-

mycin „π°“√¬—∫¬—Èß S. aureus  “¬æ—π∏ÿå∑’Ë¡’°“√

· ¥ßÕÕ°¢Õß multidrug efflux pump ™π‘¥ Tet

(K) ·≈– Msr (A)54  “√ 2,6-dimethyl-4-

phenylpyridine-3,5-dicarboxylic acid diethyl

ester ®“° Jatropha elliptica  “¡“√∂¬—∫¬—Èß°“√

∑”ß“π¢Õß NorA „π NorA resistant S. aureus

 àßº≈„π·∫§∑’‡√’¬¥—ß°≈à“«¡’§«“¡‰«μàÕ ciproflo-

xacin, norfloxacin ·≈– pefloxacin ‡æ‘Ë¡¡“°

¢÷Èπ52 μ—«Õ¬à“ß‡À≈à“π’È· ¥ß„Àâ‡ÀÁπ‡ªìπÕ¬à“ß¥’«à“ “√

®“°æ◊™ ‡ªìπ·À≈àß ”§—≠„π°“√«‘®—¬‡æ◊ËÕæ—≤π“‡ªìπ

 “√≈¥°“√¥◊ÈÕ¬“

„π·∫§∑’‡√’¬·°√¡≈∫®–¡’‡¬◊ËÕÀÿâ¡¥â“ππÕ°

ºπ—ß‡´≈≈å (outer membrane; OM) Õ’°™—Èπ ‚¥¬¡’

Õß§åª√–°Õ∫ ”§—≠§◊Õ lipopolysaccharide (LPS)

 √â“ß ¿“«–¥â“ππÕ°ºπ—ß‡´≈≈å‡ªìπ hydrophilic

surface ∑”Àπâ“∑’Ë‡ªìπ·π«ªÑÕß°—π∑“ß∏√√¡™“μ‘§—¥

‡≈◊Õ°‰¡à„Àâ “√°≈ÿà¡∑’Ë‡ªìπ hydrophobic ºà“π‡¢â“¡“

‰¥â (√Ÿª∑’Ë 2¢) πÕ°®“°π’È¥â“ππÕ°ºπ—ß‡´≈≈å ¬—ß

ª√–°Õ∫¥â«¬‚ª√μ’π´÷Ëßª√–°Õ∫°—π‡ªìπ™àÕß∑“ßºà“π

‡¢â“ÕÕ°¢Õß “√ (outer membrane protein; OMP)

‡™àπ porin §«“¡ ¡¥ÿ≈¢Õß OM π—Èπ‡°‘¥®“°°“√

√—°…“ ¡¥ÿ≈¢Õß‰ÕÕÕπ√–À«à“ß LPS ·≈– OMP

ß“π«‘®—¬™’È„Àâ‡ÀÁπ«à“°“√√∫°«π ¡¥ÿ≈¢Õß‰ÕÕÕππ’È®–

 àßº≈μàÕ§«“¡‰«¢Õß·∫§∑’‡√’¬μàÕ “√À≈“¬™π‘¥

°“√„™â EDTA √∫°«π‰ÕÕÕπ∫π OM ¢Õß P.

aeruginosa ™à«¬≈¥°“√¥◊ÈÕ¢Õß·∫§∑’‡√’¬π’ÈμàÕ¬“

À≈“¬™π‘¥ ‡™àπ ampicillin, chloramphenicol,

oxytetracycline, streptomycin, oxacillin, ·≈–

cefamandole ‡ªìπμâπ63-65 §ÿ≥ ¡∫—μ‘‡™àπ‡¥’¬«°—π

π’Èæ∫„π “√®“°æ◊™ ‡™àπ essential oils (thymol ·≈–
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μ“√“ß∑’Ë 3 μ—«Õ¬à“ß “√≈¥°“√¥◊ÈÕ¬“®“°æ◊™∑’ËÕÕ°ƒ∑∏‘Ï™à«¬‡æ‘Ë¡°“√ – ¡¢Õß¬“¿“¬„π‡´≈≈å·∫§∑’‡√’¬

Medicinal plants Active constituents/
Antibiotics Pathogens

(Target sites) Active extracts

Berberis aetnensis47 5'-methoxyhydnocarpin-D ciprofloxacin Escherichia coli
(Efflux pump inhibitor: EPI) (5' MHC-D) (√Ÿª∑’Ë 2¨) Pseudomonas aeruginosa
Berberis trifoliolata17 Staphylococcus aureus

pheophorbide a (√Ÿª∑’Ë 2≠) ciprofloxacin E. coli
P. aeruginosa
S. aureus

Camellia sinensis48 (EPI) epigallocatechin gallate tetracycline S. aureus
Carpobrotus edulis49 uvaol (√Ÿª∑’Ë 2Æ) tetracycline Methicillin resistant S. aureus
(EPI) ciprofloxacin oxacillin (MRSA)
Chamaecyparis lawsoniana50 furruginol (√Ÿª∑’Ë 2Ø) NA Multidrug resistant (MDR)
(EPI) S. aureus
Ipomoea pes-caprae51 pescaprein XVIII (√Ÿª∑’Ë 2∞) norfloxacin MDR S. aureus
(EPI)
Jatropha elliptica52 2,6-dimethyl-4-phenylpyridine- ciprofloxacin NorA resistant S. aureus
(EPI) 3,5-dicarboxylic acid diethyl norfloxacin

ester (√Ÿª∑’Ë 2±) pefloxacin
Levisticum officinale53 (EPI) chloroform extract ciprofloxacin Salmonella enterica serotype

linoleic acid falcarindiol Typhimurium
Lycopus europaeus54 diterpenes (√Ÿª∑’Ë 2≤) tetracycline MDR S. aureus
(EPI) erythromycin
Mirabilis jalapa55 N-trans-feruloyl 4'-O- norfloxacin NorA resistant S. aureus
(EPI) methyldopamine (√Ÿª∑’Ë 2≥)
Momordica balsamina56 balsaminoside A NA MRSA
(EPI) (√Ÿª∑’Ë 2¥)

balsaminagenin B (√Ÿª∑’Ë 2μ) NA Enterococcus faecalis
Piper nigrum57 piperine (√Ÿª∑’Ë 2∂) ciprofloxacin MRSA
Piper longum (EPI)
Quercus infectoria23 ellagic acid (√Ÿª∑’Ë 2∑) novobiocin coumermycin multidrug resistant
(EPI) chlorobiocin Acinetobacter baumannii

rifampicin fusidic (MDRAB)
Rhus coriaria58 ethanol extract cephalexin MDR P. aeruginosa
(EPI) sulfadimethoxine

enrofloxacin
oxytetracycline

Rosmarinus officinalis59 (EPI) carnosic acid (√Ÿª∑’Ë 2∏) erythromycin S. aureus
carnosol (√Ÿª∑’Ë 2π) erythromycin S. aureus

Scutellaria baicalensis60,61 baicalein (√Ÿª∑’Ë 2∫) ciprofloxacin MRSA
(EPI) oxytetracycline

tetracycline
Thymus maroccanus essential oils chloramphenical S. Typhimurium
T. broussonetii62 P. aeruginosa
(EPI and/or permeabilizer)

NA; Not applicable
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Abstract

Resistance-Modifying Agents: New Trends in the Utilization of Medicinal Plants
Sasitorn Chusri
Faculty of Traditional Thai Medicine, Prince of Songkla University, Hat Yai, Songkhla 90112
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Multidrug-resistant gram-positive and gram-negative bacteria are major causes for hospi-
tal-related infections and deaths. Moreover, the lack of effective antibiotics against such patho-
gens results in high mortality rates. Resistance-modifying agents (RMAs) can be co-administered
with antibiotics to treat bacterial infections. The advantages of the combinations are to decrease
the degree of drug resistance of the bacteria as well as reduce the emergence of drug-resistant
bacterial strains. It is rather difficult and expensive to develop new drugs; therefore, the applica-
tion of RMAs becomes important to find new approaches to reduce the increase in resistance to
antibiotics by pathogens.  The aim of this review is to present an overview of the continuing
central role of medicinal plants and medicinal plant-derived compounds in the discovery and
development of RMAs. Selected examples of 28 medicinal plants and medicinal plant-derived
compounds are discussed. A brief overview of plant secondary metabolites as modifiers of
multidrug resistance mechanisms was additionally described including (i) inhibition of antibi-
otic-degrading enzymes, (ii) inhibition of antibiotic-bacterial receptor modifications, and (iii) in-
creasing drug accumulation. The review additionally reveals some promising medicinal plants
such as Alpinia officinarum, Camellia sinensis, and Quercus infectoria that have been proposed to
possess multiple resistance-modifying mechanisms. Interestingly, medicinal plants that inhibit
bacterial efflux pumps and increase bacterial membrane permeability can reduce the resistance
of gram-negative bacteria to a wide variety of antimicrobial agents. Effective RMAs that are
natural-derived compounds will be a new and alternative approach to using natural products
and a new method of suppressing resistance mechanisms of bacteria, particularly multidrug-
resistant strains.

Key words: medicinal plants, resistance-modifying agent, antibiotic resistance, synergism




