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Abstract

Rungtip Chuanchuen1  Herbert P. Schweizer2

MULTIDRUG EFFLUX SYSTEMS (MES): A MECHANISM OF RESISTANCE
TO MULTIDRUG IN BACTERIA

Bacterial antibiotic resistance is a growing problem with a global dimension. While the mechanisms of

resistance vary from agent to agent, most of them are agent specific, providing resistance to a single or a class of

anitimicrobials. Multidrug efflux systems have currently emerged as a predominant cause of antimicrobial

resistance across a broad spectrum of structurally - unrelated antimicrobials. Efflux-mediated resistance is

promoted by the exclusion of agents from the systems, resulting in reduced intracellular concentration of drugs.

MES occur in many Gram-positive and Gram-negative bacteria, including medically important pathogens,

therefore they are of significant concern. Expression of the systems is governed by genes located on either a

chromosome or a plasmid. Imprudent and often overuse of antibiotics has been demonstrated to potentiate the

problem by selecting certain mutations and enriching the multidrug resistant, bacterial population. Even though

MES have been intensively studied over the past 10 years, several characteristics including molecular architecture,

natural function and the regulation of expression, remain largely unclear. Novel agents that are not substrates of

these systems and Efflux Pump Inhibitors (EPI) are the chosen approaches for new drug development, as they

improve the therapeutic performance of many antimicrobials and benefit the medical community at large.

Prudent use of antimicrobials is seriously adviced.
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∫∑§—¥¬àÕ

√ÿàß∑‘æ¬å ™«π™◊Ëπ1  Herbert P. Schweizer2

¡—≈µ‘¥√—° Õ‘ø≈—°´å ´‘ ‡µ¡ å (Multidrug Efflux Systems; MES): °≈‰°°“√¥◊ÈÕ¬“À≈“¬

™π‘¥æ√âÕ¡°—π¢Õß·∫§∑’‡√’¬

·∫§∑’‡√’¬¡’°≈‰°°“√¥◊ÈÕ¬“·µ°µà“ß°—πµ“¡™π‘¥¢Õß¬“  à«π¡“°°≈‰°Àπ÷ËßÊ ®–∑”„Àâ‡°‘¥°“√¥◊ÈÕµàÕ¬“ 1 ™π‘¥À√◊Õ 1 °≈ÿà¡

Õ¬à“ß‰√°Áµ“¡·∫§∑’‡√’¬‰¥âæ—≤π“√–∫∫ MES ¢÷Èπ ∑”„Àâ “¡“√∂¥◊ÈÕµàÕ¬“À≈“¬™π‘¥æ√âÕ¡°—π ‚¥¬¬“‡À≈à“π’È‰¡à¡’§«“¡ —¡æ—π∏å„¥Ê

∑“ß‚§√ß √â“ß °“√¥◊ÈÕ¬“·∫∫π’È‡°‘¥¢÷Èπ®“°°“√∑’Ë√–∫∫ “¡“√∂¢—∫¬“ÕÕ°®“°‡´≈≈å∑”„Àâ≈¥§«“¡‡¢â¡¢âπ¢Õß¬“¿“¬„π‡´≈≈å≈ß

√–∫∫π’È “¡“√∂æ∫‰¥â∑—Èß„π·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫ √«¡∑—Èß·∫§∑’‡√’¬∑’Ë°àÕ‚√§ ®÷ß‡ªìπªí≠À“∑’Ë ”§—≠¥â“π “∏“√≥ ÿ¢

®“°°“√„™â¬“ªØ‘™’«π–Õ¬à“ß¢“¥§«“¡√–¡—¥√–«—ß‡ªìπ‡«≈“π“π àßº≈„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå (mutations) ¢Õß¬’π∑’Ë§«∫§ÿ¡°“√

· ¥ßÕÕ°¢Õß√–∫∫ ´÷ËßÕ¬Ÿà∫π‚§√‚¡‚´¡·≈–æ≈“ ¡‘¥¢Õß·∫§∑’‡√’¬ ·≈–‡ªìπ “‡Àµÿ ”§—≠¢Õß°“√æ—≤π“°“√¥◊ÈÕ¬“¥â«¬√–∫∫

MES ·¡â®–¡’°“√»÷°…“‡°’Ë¬«°—∫√–∫∫‡À≈à“π’ÈÕ¬à“ß°«â“ß¢«“ß„π™à«ß 10 ªï∑’Ëºà“π¡“ ·µà°Á¬—ß¡’≈—°…≥–∫“ßª√–°“√¢Õß√–∫∫∑’Ë¬—ß‰¡à

‡ªìπ∑’Ë‡¢â“„®‰¥â·°à Õß§åª√–°Õ∫∑“ß‚¡‡≈°ÿ≈ Àπâ“∑’Ë‚¥¬∏√√¡™“µ‘ °“√§«∫§ÿ¡°“√∑”ß“π ‡ªìπµâπ ‡æ◊ËÕ·°â‰¢ªí≠À“°“√¥◊ÈÕ¬“∑’Ë‡°‘¥®“°

√–∫∫¥—ß°≈à“«®÷ß‰¥â¡’°“√æ—≤π“¬“∑’Ë‰¡à‡ªìπµ—«∂Ÿ°‡ª≈’Ë¬π (substrates) ¢Õß√–∫∫·≈–æ—≤π“¬“∑’ËÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√∑”ß“π¢Õß√–∫∫

(Efflux Pump Inhibitors, EPI) ´÷Ëß®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√√—°…“¢Õß¬“ √«¡∑—Èß§«√µâÕß¡’¡“µ√°“√§«∫§ÿ¡°“√„™â¬“∑’Ë

‡§√àß§√—¥Õ’°¥â«¬

§” ”§—≠ :  ¬“ªØ‘™’«π– °“√¥◊ÈÕ¬“À≈“¬™π‘¥æ√âÕ¡°—π ¡—≈µ‘¥√—° Õ‘ø≈—°´å ‘́ ‡µ¡ å (MES)

∫∑π”

·¡â«à“‚√§∑’Ë‡°‘¥®“°°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬„π§π·≈– —µ«å

‡ªìπ ‘Ëß∑’Ë “¡“√∂ªÑÕß°—π‰¥â ·µà∂â“¡’°“√√–∫“¥®–∑”„Àâ‡°‘¥º≈

‡ ’¬∑—Èß¥â“π “∏“√≥ ÿ¢·≈–‡»√…∞°‘® ·≈–®”‡ªìπµâÕß„™â¬“

ªØ‘™’«π–„π°“√√—°…“°“√µ‘¥‡™◊ÈÕ Õ¬à“ß‰√°Áµ“¡ ·∫§∑’‡√’¬∑’Ë°àÕ

‚√§®– “¡“√∂ª√—∫µ—«·≈–æ—≤π“°“√¥◊ÈÕ¬“‰¥â (Walsh, 2003)

 àßº≈„Àâ¬“ªØ‘™’«π–À≈“¬™π‘¥‰¡à “¡“√∂„™â√—°…“Õ“°“√µ‘¥‡™◊ÈÕ

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ πÕ°®“°π’È·∫§∑’‡√’¬À≈“¬™π‘¥ “¡“√∂

¥◊ÈÕµàÕ¬“¡“°°«à“ 1 ™π‘¥À√◊Õ°≈ÿà¡ (multidrug resistance, MDR)

 √â“ßªí≠À“∑’Ë´—∫´âÕπ¡“°¢÷Èπ ‡™àπ Multidrug-resistant

Mycobacterium tuberculosis (MDRTB) ¥◊ÈÕµàÕ¬“‰Õ‚´‰πÕ–´‘¥

(isoniazid) √—¬·ø¡æ‘π (rifampin)  ‡µ√ª‚µ¡—¬´‘π (strepto-

mycin) ·≈–°“π“¡—¬´‘π (kanamycin) (Munsiff et al., 2002)

Pseudomonas aseruginosa ¥◊ÈÕµàÕ¬“øŸ≈ÕÕ‚√§«‘‚π‚≈π

(fluoroquinolone) ‡µµ√â“ —́¬§≈‘π (tetracycline) ‡®πµ“¡—¬´‘π

(gentamicin) §≈Õ·√¡‡øπ‘§Õ≈ (chloramphenicol) ·≈–

§“√å‡∫ππ‘´‘≈≈‘π (carbenicillin) (Saito et al., 1999)

Salmonella Typhimurium DT104 R-type ACSSuT ¥◊ÈÕµàÕ

¬“·Õ¡æ‘́ ‘≈≈‘π (ampicillin) §≈Õ·√¡‡øπ‘§Õ≈  ‡µ√ª‚µ¡—¬´‘π

´—≈‚øπ“‰¡¥å (sulphonamide) ·≈–‡µµ√â“´—¬§≈‘π (Akkina

et al., 1999) ‡ªìπµâπ ªí®®ÿ∫—π‡ªìπ∑’Ë¬Õ¡√—∫·≈â««à“  “‡Àµÿ

 ”§—≠¢Õß°“√¥◊ÈÕ¬“À≈“¬™π‘¥„π·∫§∑’‡√’¬‡°‘¥ºà“π√–∫∫∑’Ë

‡√’¬°«à“ ¡—≈µ‘¥√—° Õ‘ø≈—° ǻ ´‘ ‡µ¡ å (multidrug efflux

systems, MES) (Schweizer, 2003; Putman et al., 2000)

´÷Ëß‡ªìπ°≈‰°∑’Ë “¡“√∂®—∫·≈– àß¬“ÕÕ°πÕ°‡´≈≈å‰¥â„π¢—Èπ

µÕπ‡¥’¬« ·≈–‡ªìπ°≈‰°°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬∑’Ë¡’§«“¡

 ”§—≠‡ªìπ≈”¥—∫∑’Ë 2 √Õß®“°‡Õπ‰´¡å¥◊ÈÕ¬“ (Walsh, 2003)

√–∫∫ MES „π·∫§∑’‡√’¬¡’À≈“¬«ß»åµ√–°Ÿ≈ (family) ·≈–„π

·µà≈–«ß»åµ√–°Ÿ≈¡’À≈“¬√–∫∫ æ∫‰¥â„π·∫§∑’‡√’¬À≈“¬™π‘¥

∑—Èß·°√¡∫«°·≈–·°√¡≈∫ ‚¥¬·∫§∑’‡√’¬·µà≈–™π‘¥¡’‰¥â¡“°

°«à“ 1 √–∫∫ √–∫∫∑’Ë¡’°“√»÷°…“·≈–∑”„Àâ‡°‘¥§«“¡‡¢â“„®¡“°

∑’Ë ÿ¥„π¢≥–π’È§◊Õ æ’-‰°≈‚§‚ª√µ’π (P-glycoprotein) „π§π
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´÷Ëß§«∫§ÿ¡‚¥¬¬’π mdr1 ·≈–∑”„Àâ¥◊ÈÕ¬“®”æ«°∑’Ë‡ªìπæ‘…µàÕ‡´≈≈å

(cytotoxic agents) √«¡∑—Èß‡ªìπ “‡Àµÿ¢Õß°“√¥◊ÈÕ¬“√—°…“

¡“≈“‡√’¬®”æ«°§≈Õ‚√§«‘π (chloroquine) „π Plasmodium

falciparum (Ouellette et al., 1994)

∫∑§«“¡π’È°≈à“«∂÷ß°≈‰°„π°“√¥◊ÈÕ¬“¢Õß·∫§∑’‡√’¬

‚¥¬π”‡ πÕ¢âÕ¡Ÿ≈æ◊Èπ∞“π¢Õß°≈‰°∑—Ë«‰ª ·≈–‡πâπ§«“¡

 ”§—≠¢Õß√–∫∫ MES √«¡∑—Èß‚§√ß √â“ß °“√∑”ß“π ·≈–

°“√ªÑÕß°—π·°â‰¢°“√¥◊ÈÕ¬“∑’Ë‡°‘¥®“°√–∫∫π’È ‡æ◊ËÕ™à«¬‡ √‘¡ √â“ß

§«“¡√Ÿâ·≈–§«“¡‡¢â“„®¢Õß√–∫∫¢Õß°“√¥◊ÈÕ¬“„π·∫§∑’‡√’¬

·≈–§«“¡ ”§—≠¢Õß°“√„™â¬“Õ¬à“ß√–¡—¥√–«—ß∑—Èß„π§π·≈– —µ«å

°≈‰°°“√¥◊ÈÕ¬“„π·∫§∑’‡√’¬

°“√¥◊ÈÕ¬“„π·∫§∑’‡√’¬‡ªìπ‡√◊ËÕß∑’Ë¡’°“√»÷°…“«‘®—¬Õ¬à“ß

°«â“ß¢«“ß ·≈–‡ªìπ∑’Ë‡¢â“„®§àÕπ¢â“ß¥’ °≈à“«‰¥â«à“¡πÿ…¬å√Ÿâ®—°

°≈‰°„π°“√¥◊ÈÕ¬“°àÕπ∑’Ë®–¡’°“√π”¬“¡“„™â∑“ß°“√·æ∑¬å ‚¥¬

æ∫°“√¥◊ÈÕ¬“§√—Èß·√°‡°‘¥®“°‡Õπ‰´¡å penicillinase (Abraham

and Chain, 1988) ·≈–æ∫«à“·∫§∑’‡√’¬®–¡’°≈‰°°“√¥◊ÈÕ¬“·µ°

µà“ß°—π‰ªµ“¡™π‘¥¢Õß¬“∑’Ë„™â ´÷Ëß‡¡◊ËÕæ‘®“√≥“∂÷ß∑’Ë¡“¢Õß

ªí®®—¬µâπ‡Àµÿ¢Õß°“√¥◊ÈÕ¬“æ∫«à“ °“√¥◊ÈÕ¬“„π·∫§∑’‡√’¬®–·∫àß

ÕÕ°‡ªìπ 2 ·∫∫ (Russell, 2001) §◊Õ

°“√¥◊È Õ¬“∑’Ë ‡°‘¥®“°ªí®®—¬¿“¬„π¢Õß·∫§∑’ ‡√’ ¬

(Intrinsic resistance) ‡ªìπ°“√¥◊ÈÕ¬“∑’Ë‡°‘¥®“°æ—π∏ÿ°√√¡À√◊Õ

‚¥¬∏√√¡™“µ‘¢Õß·∫§∑’‡√’¬ ´÷Ëß®–§«∫§ÿ¡‚¥¬¬’π∑’ËÕ¬Ÿà∫π

‚§√‚¡‚´¡À√◊Õ‡ªìπ§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß‡´≈≈å ‡™àπ

≈—°…≥–‚§√ß √â“ßºπ—ß‡´≈≈å¢Õß P. aeruginosa ·≈–

Stenotrophomonas maltophilia ∑’Ë¬Õ¡„Àâ “√ºà“π‡¢â“ÕÕ°‰¥âπâÕ¬

∑”„Àâ·∫§∑’‡√’¬¡’‚Õ°“ ¥◊ÈÕ¬“ Ÿß¢÷Èπ (Hancock and Worobec,

1998; Nikaido and Hancock, 1986) À√◊Õ lipopolysac-

charide ¢Õß Burkholderia cepacia ∑’Ë¡’®”π«πÀ¡ŸàøÕ ‡øµ

(PO
4

-) πâÕ¬∑”„Àâ∑πµàÕ¬“‡®πµ“¡—¬´‘π (Moore and Hancock,

1986) ‡ªìπµâπ

°“√¥◊ÈÕ¬“∑’Ë ‡°‘¥®“°ªí®®—¬¿“¬πÕ° (Acquired

resistance) ‡ªìπ°“√¥◊ÈÕ¬“∑’Ë‡°‘¥¢÷Èπ„π·∫§∑’‡√’¬∑’Ë µ“¡ª°µ‘¡’

§«“¡‰«µàÕ¬“·µà‡¡◊ËÕ‰¥â√—∫Õ‘∑∏‘æ≈À√◊Õªí®®—¬¿“¬πÕ°∑”„Àâ

‡°‘¥°“√¥◊ÈÕ¬“¢÷Èπ‰¥â ªí®®—¬‡À≈à“π’È ‰¥â·°à °“√°≈“¬æ—π∏ÿå °“√

∂à“¬∑Õ¥æ≈“ ¡‘¥ (plasmid) °“√‰¥â√—∫ transposon (Davies,

1994) ‡ªìπµâπ µ—«Õ¬à“ß‡™àπ °“√¥◊ÈÕ¬“ —́≈‚øπ“‰¡¥å¢Õß

Neisseria meningitis ∑’Ë‡°‘¥®“°°“√°≈“¬æ—π∏ÿå„π¬’π folP ∑’Ë

§«∫§ÿ¡°“√º≈‘µ‡Õπ‰´¡å dihydropteroate synthase (DHPS)

∑”„Àâ¬“®—∫°—∫ DHPS ‰¥âπâÕ¬≈ß (Russell and Chopra, 1996)

‡ªìπµâπ

‚¥¬∑—Ë«‰ª ªí®®—¬¿“¬„π‡æ’¬ßÕ¬à“ß‡¥’¬«§ß‰¡à‡æ’¬ßæÕ

∑’Ë®–Õ∏‘∫“¬°“√¥◊ÈÕ¬“Õ¬à“ß√ÿπ·√ß¢Õß·∫§∑’‡√’¬ æ∫«à“Õ‘∑∏‘æ≈

®“°ªí®®—¬¿“¬πÕ°¡’ à«π ”§—≠∑’Ë‡ √‘¡§«“¡√ÿπ·√ßπ—Èπ °“√¥◊ÈÕ¬“

™π‘¥∑’Ë ‡°‘¥®“°ªí®®—¬¿“¬πÕ°¡’À≈“¬·∫∫ (Russell and Chopra,

1996) ∑’Ëæ∫∫àÕ¬ ‰¥â·°à

Target alteration ‡°‘¥‡π◊ËÕß®“°¡’°“√‡ª≈’Ë¬π·ª≈ß

‡ªÑ“À¡“¬∑’Ë¬“‰ªÕÕ°ƒ∑∏‘Ï (drug targets) ∑”„Àâ¬“‰¡à “¡“√∂

∑”≈“¬‡™◊ÈÕ·∫§∑’‡√’¬π—Èπ‰¥â µ—«Õ¬à“ß‡™àπ °“√‡æ‘Ë¡®”π«π‡ªÑ“À¡“¬

®π∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß¬“‰¡à‡æ’¬ßæÕµàÕ°“√∑”≈“¬‡™◊ÈÕ À√◊Õ

‡ªÑ“À¡“¬¢Õß¬“¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë∑”„Àâ‰¡à‰«µàÕ¬“Õ’°µàÕ‰ª

·µàµ—«‡ªÑ“À¡“¬¬—ß “¡“√∂∑’Ë®–∑”Àπâ“∑’Ëµ“¡ª°µ‘‰¥â À√◊Õ

‡ªÑ“À¡“¬¡’°“√§—¥≈Õ° (duplicate) µ—«‡Õß ·≈–∑”Àπâ“∑’Ë‰¥â‡™àπ

‡¥’¬«°—∫µ—«µâπ·∫∫ ·µà¡’§«“¡∑πµàÕ¬“ Ÿß (McDonnell and

Russell, 1999) µ—«Õ¬à“ß‡™àπ °“√¥◊ÈÕµàÕ¬“·«π‚§¡—¬´‘π

(vancomycin) ´÷ËßÕÕ°ƒ∑∏‘Ï∑”≈“¬ºπ—ß‡´≈≈å∑’Ë “¬°√¥Õ–¡‘‚π

D-ala-D-ala termini ¢Õß “¬ UDP-N-acetylmuramyl

pentapeptide ÷́Ëß‡ªìπ “√µ—Èßµâπ (precusor) ¢Õß°“√ √â“ß

peptidoglycan ‚ª√µ’π∑’Ëº≈‘µ‚¥¬¬’π van ∑”„Àâ¡’°“√ √â“ß

 “¬°√¥Õ–¡‘‚π∑’Ëº‘¥ª°µ‘ ‚¥¬¡’ D-ala-D-lac À√◊Õ D-ala-

D-ser ·∑π ∑”„Àâ·«π‚§¡—¬´‘π‰¡à “¡“√∂ÕÕ°ƒ∑∏‘Ï‰¥â

(Cetinkaya et al., 2000)

Impermeability ‡°‘¥‡π◊ËÕß®“°¡’°“√‡ª≈’Ë¬π·ª≈ß

‚§√ß √â“ß¢Õßºπ—ß‡´≈≈å∑”„Àâ≈¥ª√‘¡“≥¬“´÷¡ºà“π‡¢â“ Ÿà¿“¬„π

‡´≈≈å∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß¬“¿“¬„π‡´≈≈å‰¡à‡æ’¬ßæÕ®÷ß àß

º≈„Àâ‡°‘¥°“√¥◊ÈÕ¬“‰¥â µ—«Õ¬à“ß‡™àπ °“√¥◊ÈÕ¬“‡µµ√â“´—¬§≈‘π¢Õß

Escherichia coli ‡°‘¥¢÷Èπ‡π◊ËÕß®“°°“√°≈“¬æ—π∏ÿå∑”„Àâ°“√

· ¥ßÕÕ°¢Õß¬’π opmF ´÷Ëß‡ªìπ‚ª√µ’π∑’Ëºπ—ß™—ÈππÕ°¢Õß

‡´≈≈å≈¥≈ß∑”„Àâµ—«¬“´÷¡ºà“π‡¢â“ Ÿà ‡´≈≈å‰¥âπâÕ¬≈ß¥â«¬

(Russell and Chopra, 1996)

Drug inactivation ·∫§∑’‡√’¬‡°‘¥°“√¥◊ÈÕ¬“‰¥â‚¥¬

¡’§«“¡ “¡“√∂„π°“√ √â“ß‡Õπ‰´¡å‡æ◊ËÕ∑”≈“¬¬“À√◊Õ∑”„Àâ

À¡¥ƒ∑∏‘Ï„π°“√¶à“‡™◊ÈÕ ‡ªìπ°≈‰°°“√¥◊ÈÕ¬“∑’Ë‡°‘¥¢÷Èπ‰¥â

‡ ¡Õ µ—«Õ¬à“ß‡™àπ °“√¥◊ÈÕ¬“„π°≈ÿà¡Õ–¡‘‚π‰°≈‚§‰´¥å

(aminoglycosides) ‡π◊ËÕß®“°·∫§∑’‡√’¬ “¡“√∂ √â“ß‡Õπ‰´¡å

phosphotransferases  adenyltransferases ·≈– acetyltransferases

°“√¥◊ÈÕ¬“§≈Õ·√¡‡øπ‘§Õ≈ ‡π◊ËÕß®“°‡Õπ‰´¡å chloramphenicol

transacetylase (Davies, 1994) ‡ªìπµâπ

Active efflux ·∫§∑’‡√’¬‡°‘¥°“√¥◊ÈÕ¬“‰¥â‚¥¬°“√¢—∫¬“

∑’Ëºà“π‡¢â“ Ÿà¿“¬„π‡´≈≈åÕÕ°πÕ°‡´≈≈å¥â«¬‚ª√µ’π∑’ËÕ¬Ÿà∫πºπ—ß
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‡´≈≈å (transmembrane protein) ∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß¬“‰¡à

‡æ’¬ßæÕ∑’Ë®–∑”≈“¬‡´≈≈å‰¥â (Van Bambeke et al., 2000)  √–∫∫

MES ‡ªìπ “‡Àµÿ¢Õß°“√¥◊ÈÕ¬“„π√Ÿª·∫∫π’È

√–∫∫ MES

‚¥¬∑—Ë«‰ª °≈‰°¥◊ÈÕ¬“„π·∫§∑’‡√’¬∑”„Àâ‡°‘¥°“√¥◊ÈÕ¬“

®”‡æ“–µàÕ™π‘¥À√◊Õ°≈ÿà¡ ·µà√–∫∫ MES ∑”„Àâ‡°‘¥°“√¥◊ÈÕ¬“

À≈“¬™π‘¥„π‡«≈“‡¥’¬«°—π ‚¥¬¡’°≈‰°°“√∑”ß“π∑’Ë “¡“√∂®—∫

¬“À≈“¬™π‘¥¿“¬„π‡´≈≈å ·≈– àßºà“πºπ—ß‡´≈≈åÕÕ°‰ª Ÿà

¿“¬πÕ°„π¢—ÈπµÕπ‡¥’¬«§≈â“¬°—∫ªíö¡ Ÿ∫πÈ” √–∫∫¢π àßÀ√◊Õ

efflux pumps ‡ªìπ∑’Ë√Ÿâ®—°§√—Èß·√°‡¡◊ËÕ McMurry et al. (1980)

æ∫æ≈“ ¡‘¥∑’Ë¡’¬’π tet „π E. Coli º≈‘µ‚ª√µ’π¢π àß∑’Ë¡’§«“¡

®”‡æ“–µàÕ°“√¢—∫¬“‡µµ√â“´—¬§≈‘π·≈–∑”„Àâ‡°‘¥°“√¥◊ÈÕ¬“

¥—ß°≈à“« (McMurry et al., 1980) À≈—ß®“°π—Èπ‰¥â¡’°“√§âπ

æ∫√–∫∫¢π àßÀ≈“¬√Ÿª·∫∫ ‚¥¬∑’Ë¡’µ—«¢π àß MES ·∫àßÕÕ°

‡ªìπ 5 «ß»åµ√–°Ÿ≈  (Putman et al., 2000) ÷́Ëß√–∫∫„π«ß»å

µ√–°Ÿ≈·√°„™â ATP ‡ªìπ·À≈àßæ≈—ßß“π  à«π√–∫∫„π«ß»å

µ√–°Ÿ≈∑’Ë 2 - 4 „™âæ≈—ßß“π®“°°“√·≈°‡ª≈’Ë¬π‰Œ‚¥√‡®πÕ‘ÕÕπ

(proton motive force, PMF) ‰¥â·°à

i) ATP-binding (ABC) cassette superfamily

·ø¡‘≈’Ëπ’È¡’ ¡“™‘°¡“°°«à“ 500 √–∫∫ ·µàª√–¡“≥ 40 √–∫∫

‡∑à“π—Èπ∑’Ë‡ªìπ√–∫∫¢π àß¬“  à«π¡“°æ∫„π·∫§∑’‡√’¬·°√¡

∫«° (Fath and Kolter, 1993) µ—«Õ¬à“ß‡™àπ OrrB1 ·≈–

DrrC ‡ªìπ√–∫∫¢—∫¬“‡¥“‚π√Ÿ∫‘´‘π (daunorubicin) ¢Õß

Mycobacterium leprae (Saier et al., 1998) OleC5 ∑”„Àâ

¥◊ÈÕµàÕ¬“‚Õ≈’π‚¥¡—¬´‘π (Oleandomycin) „π Streptomyces

antibioticus ‡ªìπµâπ (Saier et al., 1998)

ii) Major facilitator superfamily (MFS) ‚¥¬¡“°æ∫

„π·∫§∑’‡√’¬·°√¡∫«°·≈–æ∫∫â“ß„π·∫§∑’‡√’¬·°√¡≈∫ (Pao

et al., 1998; Marger and Saier, 1993) √–∫∫∑’Ë¡’°“√»÷°…“

¡“°∑’Ë ÿ¥ §◊Õ TetB „π E.coli µ—«Õ¬à“ßÕ◊ËπÊ ‰¥â·°à QacA ¢π àß

¬“®”æ«°ª√–®ÿ∫«° (organic cations) (Paulsen et al., 1996)

·≈– NorA ¢—∫¬“Õ–§≈‘ø≈“«‘π (acriflavin) §≈Õ·√¡‡øπ‘§Õ≈

·≈–øŸ≈ÕÕ‚√§«‘‚π‚≈π (Yoshida et al., 1990) ́ ÷Ëß∑—Èß 2 √–∫∫

æ∫‰¥â„π S. aureus

iii) Small multidrug resistance family (SMR) ‡ªìπ

·ø¡‘≈’Ë∑’Ë¡’Ë®”π«π ¡“™‘°πâÕ¬∑’Ë ÿ¥ æ∫‡©æ“–„π·∫§∑’‡√’¬‡∑à“π—Èπ

µ—«Õ¬à“ß‡™àπ √–∫∫ EmrE „π E.coli ¢—∫¬“‡µµ√â“ —́¬§≈‘π·≈–

§√‘ µ—≈ ‰«‚Õ‡√µ (crystal violet) „π E.coli

iv) Resistance-nodulation division (RND) family

æ∫‡©æ“–„π·∫§∑’‡√’¬‡∑à“π—Èπ ‚¥¬æ∫„π·∫§∑’‡√’¬·°√¡≈∫

¡“°°«à“·∫§∑’‡√’¬·°√¡∫«° µ—«Õ¬à“ß‡™àπ MexCD-OprJ

¢—∫¬“øŸ≈ÕÕ‚√§«‘‚π‚≈π ‡µµ√â“´—¬§≈‘π ‰µ√‡¡∑‚∑√æ√‘¡

(trimethoprim) „π P. aeruginosa (Poole and Srikumar, 2001)

MtrCDE ¢—∫¬“®”æ«°∑’Ë‰¡à “¡“√∂√«¡µ—«°—∫πÈ” (hydrophobic

agents) „π N. gonorrhoeae (Hagman et al., 1995) ‡ªìπµâπ

v) Multidrug and Toxic Compound Extrusion

family (MATE) ‰¥â·°à NorM ÷́Ëß “¡“√∂¢π àß¬“„π°≈ÿà¡

Õ–¡‘‚π°≈—¬‚§‰´¥å·≈–øŸ≈ÕÕ‚√§«‘‚π‚≈π „π Vibrio

parahaemolyticus (Morita et al., 1998)

°“√· ¥ßÕÕ°¢Õß‚ª√µ’π¢Õß√–∫∫ MES Õ¬Ÿà¿“¬„µâ°“√

§«∫§ÿ¡¢Õß¬’πÀ√◊Õ™ÿ¥¢Õß¬’π (operon) ∑’ËÕ¬Ÿà∫π‚§√‚¡‚´¡À√◊Õ

æ≈“ ¡‘¥ ®÷ß‡ªìπ°“√¥◊ÈÕ¬“∑’Ë‡°‘¥®“°æ—π∏ÿ°√√¡¢Õß·∫§∑’‡√’¬

‡ÕßÀ√◊Õ‰¥â√—∫Õ‘∑∏‘æ≈®“°¿“¬πÕ° ·≈– “¡“√∂∂à“¬∑Õ¥‰ª¬—ß

·∫§∑’‡√’¬µ—«Õ◊Ëπ‰¥â (Poole, 2002) ®“°°“√»÷°…“∑’Ëºà“π¡“æ∫

«à“  “‡Àµÿ ”§—≠∑’Ë∑”„Àâ‡°‘¥°“√· ¥ßÕÕ°¢Õß¬’π MES „π

·∫§∑’‡√’¬ §◊Õ °“√„™â¬“ªØ‘™’«π–‡°‘π§«“¡®”‡ªìπÕ¬à“ßµàÕ‡π◊ËÕß

·≈–Õ¬à“ß¢“¥§«“¡√–¡—¥√–«—ß (Moellering, 1998; Neyfakh,

1997) ‚¥¬°“√ —¡º— °—∫ “√„π√–¥—∫∑’Ë‰¡à∑”„Àâ‡´≈≈åµ“¬

(sublethal level) ‡ªìπ‡«≈“π“π ®–∑”„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå

·≈–¡’°“√∂à“¬∑Õ¥æ≈“ ¡‘¥‰¥â (Mazel and Davies, 1999)

ªí≠À“°“√¥◊ÈÕ¬“‡π◊ËÕß®“°√–∫∫ MES ‰¡à„™à‡√◊ËÕß„À¡à ·µà‡ªìπ

‡√◊ËÕß∑’Ë¬—ß¡’§”∂“¡∑’ËÀ“§”µÕ∫∑’Ë·∑â®√‘ß‰¡à‰¥â §”∂“¡∑’Ë ”§—≠

√«¡∂÷ß √–∫∫ “¡“√∂¢π àß¬“ÕÕ°πÕ°‡´≈≈å‰¥âÕ¬à“ß‰√

°≈‰°„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π‡ªìπÕ¬à“ß‰√ Àπâ“∑’Ë

‚¥¬∏√√¡™“µ‘¢Õß√–∫∫ MES §◊ÕÕ–‰√ ·≈–‡√“®–¬—∫¬—Èß°“√

∑”ß“π¢Õß√–∫∫π’È‰¥âÕ¬à“ß‰√

°≈‰°„π°“√∑”ß“π¢Õß√–∫∫ MES

√–∫∫ MES „π·∫§∑’‡√’¬¡’‚§√ß √â“ßÀ≈—°∑’Ë§≈â“¬§≈÷ß

°—π (√Ÿª∑’Ë 1) °≈‰°„π°“√¢—∫¬“¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·µà®“°

§«“¡√Ÿâ∑’Ë¡’Õ¬Ÿà„πªí®®ÿ∫—π™à«¬„Àâ®”≈Õß¿“æ°“√∑”ß“π‚¥¬¬àÕ

‰¥â √–∫∫„π·∫§∑’‡√’¬·°√¡∫«°®–ª√–°Õ∫¥â«¬µ—«¢π àß∑’Ë

ºπ—ß‡´≈≈å™—Èπ„π (inner membrane transporters, IMP) ‡æ√“–

¡’ºπ—ß‡´≈≈å™—Èπ‡¥’¬« ‡¡◊ËÕ¬“ºà“π‡¢â“‰ª„π‡´≈≈å ®–®—∫°—∫ IMP

∑’Ëµ”·Àπàß®”‡æ“–µàÕ°“√®—∫¬“ (drug-binding domain) ®“°

π—Èπ®÷ß∂Ÿ° àßÕÕ°‰ªπÕ°‡´≈å‚¥¬ºà“π IMP (Marshall and

Piddock, 1997)  à«π·∫§∑’‡√’¬·°√¡≈∫¡’ºπ—ß‡´≈≈å™—ÈππÕ°

·≈–™—Èπ„π·¬°°—π¥â«¬™àÕß«à“ß√–À«à“ßºπ—ß‡´≈≈å (Nakae, 1997;
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‰ª‰¥â«à“·∫§∑’‡√’¬∑’Ë°àÕ‚√§®–¥◊ÈÕµàÕ¬“ªØ‘™’«π–∑ÿ°™π‘¥∑’Ë¡’Õ¬Ÿà

„πªí®®ÿ∫—π (Nikaido, 1994) µ—«Õ¬à“ß¢Õß√–∫∫ MES ∑’Ëæ∫

„π·∫§∑’‡√’¬∑’Ë°àÕ‚√§·≈–¡’º≈°√–∑∫µàÕ°“√√—°…“‰¥â·°à

√–∫∫ AcrAB-TolC „π E. coli ‡ªìπ√–∫∫∑’Ë√Ÿâ®—°¥’∑’Ë ÿ¥√–∫∫

Àπ÷Ëß “¡“√∂¢—∫¬“ªØ‘™’«π–‰¥âÀ≈“¬™π‘¥ ‡™àπ ‡∫µâ“-·≈§·µ¡

(β-lactams) ‚π‚«‰∫‚Õ ‘́π (novobiocin) √—¬·ø¡æ‘π §≈Õ·√¡-

‡øπ‘§Õ≈ ‡µµ√â“´—¬§≈‘π øŸ≈ÕÕ‚√§«‘‚π‚≈π ·≈–øŸ´‘¥‘§·Õ´‘¥

(fusidic acid) (Okusu et al., 1996) √–∫∫ AcrAB-TolC π’È

æ∫‰¥â„π S. Typhimurium ·µà¡’§«“¡®”‡æ“–µàÕ¬“„π°≈ÿà¡

øŸ≈ÕÕ‚√§«‘‚π‚≈π (Baucheron et al., 2002)  P. aeruginosa

¡’√–∫∫∑’Ë‡√’¬°«à“ The Mex systems ÷́Ëß‡ªìπµâπ‡Àµÿ ”§—≠∑’Ë

∑”„Àâ°“√√—°…“≈â¡‡À≈« ‡™àπ Õ“°“√µ‘¥‡™◊ÈÕ∑’ËªÕ¥¢ÕßºŸâªÉ«¬

Cystic Fibrosis (CF) (Lyczak et al., 2002) ·≈–„πÀŸ¢Õß

 ÿπ—¢∑’Ë‡ªìπ Otitis Externa (Beinlich et al., 2001) „π

S. aureus √–∫∫∑’Ë√Ÿâ®—°¥’∑’Ë ÿ¥ §◊Õ NorA ´÷Ëß “¡“√∂¢—∫¬“øŸ

≈ÕÕ‚√§«‘‚π‚≈π ·≈–§≈Õ·√¡‡øπ‘§Õ≈ (Kaatz et al., 1993)

πÕ°®“°π’È¬—ß¡’√–∫∫ MsrA  “¡“√∂¢—∫¬“ ‡µ√ª‚µ°√“¡‘π ∫’

(streptogramin B) ·≈–Õ‘√‘‚∑√¡—¬´‘π (erythromycin) √«¡

∑—Èß QacA ∑’Ë∑”„Àâ¥◊ÈÕµàÕ¬“¶à“‡™◊ÈÕª√–‡¿∑°√¥Õ‘π∑√’¬å  à«π

S. pneumonia, S. pyogenes ·≈– S. agalactiae ¥◊ÈÕµàÕ¬“

Õ‘√‘‚∑√¡—¬´‘π¥â«¬√–∫∫ PmrA MefA ·≈– MreA µ“¡≈”¥—∫

(Saier et al., 1998)  ”À√—∫ M. tuberculosis ®–¡’√–∫∫ Tap

∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√¥◊ÈÕ¬“‡µµ√â“´—¬§≈‘π·≈–Õ‘√‘‚∑√¡—¬´‘π

√Ÿª∑’Ë 1 ·∫∫®”≈Õß‚§√ß √â“ß¢Õß multidrug efflux systems „π A) ·∫§∑’‡√’¬π·°√¡∫«° ª√–°Õ∫¥â«¬ IMP ·≈–„π

B) ·∫§∑’‡√’¬·°≈¡≈∫ ´÷Ëß∫“ß√–∫∫®–¡’‡©æ“– IMP ·≈–¢—∫¬“ÕÕ° Ÿà periplasm ( ấ“¬) „π¢≥–∑’Ë∫“ß√–∫∫®–¡’∑—Èß IMP

MFP ·≈– OMP  “¡“√∂¢—∫¬“ÕÕ° Ÿà¿“¬πÕ° (¢«“) ≈Ÿ°»√ ’¥”· ¥ß∑‘»∑“ß„π°“√¢π àß¬“ §”¬àÕ: IMP, inner

membrane transporter, MFP, membrane fusion protein; OMP, outer membrane protein, IM, inner membrane;

PM, periplasmic space; OM, outer membrane

Nikaido, 1994) ¥—ßπ—Èπ‚§√ß √â“ß¢Õß√–∫∫®÷ß¡’§«“¡´—∫´âÕπ

¡“°¢÷Èπ‡æ√“–µâÕß àß¬“¢â“¡ºπ—ß‡´≈≈å∂÷ß 2 ™—Èπ πÕ°®“° IMP

·≈â« ∫“ß√–∫∫¢Õß·∫§∑’‡√’¬·°√¡≈∫®–¡’‚ª√µ’π∑’Ëºπ—ß‡´≈≈å

™—ÈππÕ° (outer membrane protein, OMP) ‡æ◊ËÕ‡ªìπ∑“ßÕÕ°

 Ÿà¿“¬πÕ°¢Õß¬“ ·≈–¡’ lipoprotein„π™—Èπ periplasm ‡√’¬°«à“

membrane fusion protein, MFP ÷́Ëß‡™◊ËÕ«à“∑”Àπâ“∑’Ë‡ªìπ

 –æ“π‡™◊ËÕ¡µàÕ√–À«à“ß IMP ·≈– OMP (Putman et al., 2000)

À≈—ß®“°∑’Ë IMP ®—∫¬“·≈â« MFP ®–¥÷ß IMP ·≈– OMP „Àâ

¡“Õ¬Ÿà„πµ”·Àπàß∑’Ë‡À¡“– ¡·≈–¬“®–∂Ÿ° àßºà“π IMP ‰ª¬—ß

OMP ‡æ◊ËÕÕÕ°πÕ°‡´≈≈å (Poole, 2001b) Õ¬à“ß‰√°Áµ“¡ ∫“ß

√–∫∫„π·∫§∑’‡√’¬·°√¡≈∫¡’≈—°…≥–§≈â“¬§≈÷ß°—∫√–∫∫„π

·∫§∑’‡√’¬·°√¡∫«° ‚¥¬®–¢—∫¬“‡¢â“ Ÿà periplasm ·∑π

º≈°√–∑∫∑’Ë‡°‘¥®“°√–∫∫ MES

º≈°√–∑∫‚¥¬µ√ß∑’Ë‡°‘¥®“°√–∫∫‡À≈à“π’È §◊Õ µ—«∂Ÿ°

‡ª≈’Ë¬π¢Õß√–∫∫‡ªìπ¬“ªØ‘™’«π–∑’Ë„™â„π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ

 àßº≈„Àâ¬“À≈“¬™π‘¥‰¡à¡’ª√– ‘∑∏‘¿“æ„π°“√√—°…“ ¡’§«“¡

¬“°„π°“√‡≈◊Õ°„™â¬“¡“°¢÷Èπ·≈–Õ“®∑”„Àâ°“√√—°…“≈â¡‡À≈«

„π∑’Ë ÿ¥ º≈‡ ’¬À“¬®“°°“√¥◊ÈÕ¬“®–∑«’§«“¡√ÿπ·√ß¡“°¢÷Èπ∂â“

¡’°“√· ¥ßÕÕ°¢Õß√–∫∫ MES ¡“°°«à“ 1 √–∫∫æ√âÕ¡°—π

À√◊Õ√à«¡°—∫°≈‰°¥◊ÈÕ¬“Õ◊ËπÊ (Schweizer, 2001) ®“° ∂‘µ‘∑’Ëºà“π

¡“æ∫«à“ Õÿ∫—µ‘°“√≥å°“√¥◊ÈÕ¬“‡π◊ËÕß®“°√–∫∫‡À≈à“π’È¡’¡“°¢÷Èπ

·≈–‡ªìπ°“√¥◊ÈÕµàÕ¬“™π‘¥„À¡à¥â«¬  √â“ß§«“¡«‘µ°∂÷ß§«“¡‡ªìπ
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(Ainsa et al., 1998)  à«π√–∫∫ P55 æ∫‰¥â∑—Èß„π M. tuber-

culosis ·≈– M. bovis ´÷Ëß “¡“√∂¢—∫¬“‡µµ√â“´—¬§≈‘π·≈–

Õ–¡‘‚π°≈—¬‚§‰´¥å (Silva et al., 2001)

Àπâ“∑’Ë‚¥¬∏√√¡™“µ‘¢Õß√–∫∫ MES

∂÷ß·¡â«à“„π∑»«√√…∑’Ëºà“π¡“ °“√§âπ§«â“«‘®—¬‡°’Ë¬«°—∫

√–∫∫ MES ®–‡ªìπ‰ªÕ¬à“ß°«â“ß¢«“ß ·µà°Á¬—ß‰¡à “¡“√∂

Õ∏‘∫“¬«‘«—≤π“°“√¢Õß√–∫∫‡À≈à“π’È‰¥âÕ¬à“ß™—¥‡®π ∂â“∑ÿ°Ê

√–∫∫¡’«‘«—≤π“°“√∑’Ë‡π◊ËÕß¡“®“°°“√„™â¬“„π°“√√—°…“Õ“°“√

µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë°àÕ‚√§°Áπà“®–¡’®”π«π¢Õß√–∫∫¡“°°«à“

·∫§∑’‡√’¬∑’Ë‰¡à°àÕ‚√§ (Neyfakh, 1997) ®“°°“√»÷°…“æ∫«à“

·∫§∑’‡√’¬∑—Èß 2 ™π‘¥µà“ß°Á¡’¬’π MES ∫π‚§√‚¡‚´¡‡©≈’Ë¬‰¡à

·µ°µà“ß°—π (Neyfakh, 1997) ¥—ßπ—ÈπÀπâ“∑’Ë‡∫◊ÈÕßµâπ¢Õß

√–∫∫π’È®÷ß‰¡àπà“®–‡°’Ë¬«¢âÕß°—∫°“√¢π àß¬“ ∑’Ë∑√“∫·πàπÕπ°Á§◊Õ

‡ªìπ√–∫∫ªÑÕß°—πµ—«‡ÕßÕ¬à“ßÀπ÷Ëß¢Õß·∫§∑’‡√’¬ (Kohler et al.,

1999; Lewis, 1994) µ—«Õ¬à“ß∑’Ë™—¥‡®π¢Õß¢âÕ √ÿªπ’È‰¥â·°à

AcrAB-TolC „π E.coli  “¡“√∂¢—∫πÈ”¥’·≈–°√¥‰¢¡—π„π

≈”‰ â™à«¬„Àâ‡™◊ÈÕ “¡“√∂¥”√ß™’«‘µÕ¬Ÿà„π√–∫∫∑“ß‡¥‘πÕ“À“√‰¥â

(Thanassi et al., 1997) ®÷ß‡ªìπ‰ª‰¥â«à“§«“¡ “¡“√∂„π°“√

¢π àß¬“Õ“®‡ªìπº≈æ≈Õ¬‰¥â®“°°“√∑’Ë¬“¡’≈—°…≥–‚§√ß √â“ß

¢Õß‚¡‡≈°ÿ≈§≈â“¬°—∫ “√æ‘… À√◊Õ°√¥‰¢¡—π„π∏√√¡™“µ‘  Poole

·≈–§≥– (1993) æ∫«à“ °“√· ¥ßÕÕ°¢Õß¬’π mexAB-oprM

„π P. aeruginosa ®–‡æ‘Ë¡¢÷Èπ„π ¿“«–∑’Ë¡’∏“µÿ‡À≈Á°µË” ‡æ◊ËÕ∑’Ë

®– àß siderophore ÕÕ°‰ª®—∫∏“µÿ‡À≈Á°°≈—∫‡¢â“¡“„π‡´≈≈å (Poole

et al., 1993) ´÷Ëß π—∫ πÿπ«à“Àπâ“∑’Ëæ◊Èπ∞“π¢Õß√–∫∫Õ“®

‡°’Ë¬«¢âÕß°—∫°“√π”‡¢â“ “√Õ“À“√‡¢â“ Ÿà‡´≈≈å  ‘ËßÀπ÷Ëß∑’Ë‰¡à§«√¡Õß

¢â“¡°Á§◊Õ √–∫∫‡À≈à“π’ÈÕ“®‡ªìπªí®®—¬Àπ÷Ëß∑’Ë°”Àπ¥§«“¡√ÿπ·√ß

¢Õß‡™◊ÈÕ (virulence factors) °Á‰¥â (Evans et al., 1998)

‡Àµÿ„¥√–∫∫ MES ®÷ß¢π àß¬“‰¥âÀ≈“¬™π‘¥

ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“·∫∫®”≈Õß¢÷ÈπÀ≈“¬·∫∫‡æ◊ËÕ„™â

Õ∏‘∫“¬§«“¡ “¡“√∂¢Õß√–∫∫ MES „π°“√¢π àßµ—«∂Ÿ°

‡ª≈’Ë¬πÀ≈“¬™π‘¥ ·µà°Á¬—ß‰¡à¡’·∫∫®”≈Õß„¥∑’Ë„Àâ¢âÕ √ÿª∑’Ë

™—¥‡®π·≈– “¡“√∂„™âÕ∏‘∫“¬°“√¢π àß¬“‰¥â∑ÿ°ª√–‡¿∑ Putman

·≈–§≥– (2000) ‰¥â‡ πÕ«à“ µ—«∂Ÿ°‡ª≈’Ë¬π¢Õß·µà≈–√–∫∫

¡’≈—°…≥–∫“ßª√–°“√√à«¡°—π‰¥â·°à ¡’ª√–®ÿ ‰¡à “¡“√∂√«¡

µ—«°—∫πÈ”‰¥â À√◊Õ¡’§ÿ≥ ¡∫—µ‘‡ªìπ‰¥â∑—Èß·∫∫¡’¢—È«·≈–‰¡à¡’¢—È«

(amphiphilicity) ‡ªìπµâπ §ÿ≥ ¡∫—µ‘‡À≈à“π’ÈÕ“®‡ªìπµ—«°”Àπ¥

«à“¬“™π‘¥„¥‡ªìπµ—«∂Ÿ°‡ª≈’Ë¬π¢Õß√–∫∫„¥ πÕ°®“°π’È¬—ß‡ πÕ«à“

µ—«∂Ÿ°‡ª≈’Ë¬π à«π„À≠à®–¡’ª√–®ÿ∫«°®÷ßÕ“®‡°’Ë¬«¢âÕß°—∫°√¥

Õ–¡‘‚π∑’Ë¡’ª√–®ÿ≈∫¢Õß IMP (Putman et al., 2000) ·µà

 ¡¡µ‘∞“ππ’È‰¡à “¡“√∂„™âÕ∏‘∫“¬°“√¢—∫ÕÕ°¬“∑’Ë¡’ª√–®ÿ≈∫

‰¥â πÕ°®“°π’È ∫“ß√–∫∫„π·∫§∑’‡√’¬·°√¡≈∫¡’Õß§åª√–°Õ∫

∂÷ß 3  à«π ·µà¬—ß‰¡à‡ªìπ∑’Ë·πà™—¥«à“Õß§åª√–°Õ∫∑—ÈßÀ¡¥π’ÈÀ√◊Õ

‡©æ“–∫“ß à«π‡°’Ë¬«¢âÕß°—∫°“√°”Àπ¥§«“¡®”‡æ“–¢Õßµ—«∂Ÿ°

‡ª≈’Ë¬π (Poole and Srikumar, 2001)

°“√ªÑÕß°—π·≈–·°â‰¢ªí≠À“°“√¥◊ÈÕ¬“‡π◊ËÕß®“°√–∫∫ MES

°“√ªÑÕß°—πªí≠À“°“√¥◊ÈÕ¬“„π‡™◊ÈÕ·∫§∑’‡√’¬‰¡à«à“®–

‡π◊ËÕß®“°√–∫∫ MES À√◊Õ°≈‰°„¥Ê °Áµ“¡ ¡’À≈—° ”§—≠ §◊Õ

°“√≈¥Õ—µ√“°“√‡°‘¥°“√°≈“¬æ—π∏ÿå∑’Ëπ”‰ª Ÿà°“√¥◊ÈÕ¬“ ´÷Ëß∑”‰¥â

‚¥¬°“√≈¥‚Õ°“ „π°“√ —¡º— ¬“ªØ‘™’«π–·≈–„™â¬“ªØ‘™’«π–

Õ¬à“ß√Õ∫§Õ∫ ‡™àπ „™â¬“ ”À√—∫√—°…“°“√µ‘¥‡™◊ÈÕ„π¢π“¥·≈–

√–¬–‡«≈“∑’Ë∂Ÿ°µâÕß „™â¬“‡¡◊ËÕ¡’§«“¡®”‡ªìπ‡∑à“π—Èπ ≈¥°“√„™â

º≈‘µ¿—≥±å∑’Ë¡’ à«πº ¡¢Õß¬“ªØ‘™’«π– ‡ªìπµâπ (Schweizer,

2003)

„πªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“¬“∑’Ë¡’°≈‰°„π°“√ÕÕ°ƒ∑∏‘Ï

·µ°µà“ß‰ª®“°°≈‰°‡¥‘¡∑’Ë¡’°“√¥◊ÈÕ‡°‘¥¢÷Èπ·≈â« √«¡∑—Èß°“√

æ—≤π“¬“∑’Ë¬—∫¬—Èß°≈‰°„π°“√¥◊ÈÕ¬“ ‡æ◊ËÕ„Àâ¬“ªØ‘™’«π– “¡“√∂

ÕÕ°ƒ∑∏‘Ï‰¥â (Poole, 2001a) ·µà°Á¡’¬“™π‘¥„À¡àÀ≈“¬™π‘¥∑’Ë

 Ÿ≠‡ ’¬ª√– ‘∑∏‘¿“æ„π°“√√—°…“ ‡π◊ËÕß®“°°“√¥◊ÈÕ¬“¢Õß

·∫§∑’‡√’¬„π‡«≈“µàÕ¡“ ‡™àπ ‡´ø“‚≈∑‘π (cefalotin) Õ‘¡¡‘æ‘‡π¡

(imipenem) ‡≈‚«ø≈Õ§´“´‘π (levofloxacin) ‡ªìπµâπ (Van

Bambeke et al., 2003) „π¢≥–π’È‰¥â¡’°“√ —ß‡§√“–Àå¬“À≈“¬

™π‘¥∑’Ë‰¡à‡ªìπµ—«∂Ÿ°‡ª≈’Ë¬π¢Õß√–∫∫ MES ‡™àπ ‰°≈´‘≈´—¬§≈‘π

(glycylcycline) ‡®¡‘ø≈Õ§´“´‘π (gemifloxacin) °“√‘‚πø≈Õ§-

´“´‘π (garenofloxacin) ‡ªìπµâπ (Ryan et al., 2001;

Lomovskaya and Watkins, 2001b) ·µà°Á‰¡àÕ“®¬◊π¬—π‰¥â«à“

„πÕπ“§µ¬“‡À≈à“π’È®–‰¡à°≈“¬‡ªìπµ—«∂Ÿ°‡ª≈’Ë¬π¢Õß√–∫∫„À¡à

À√◊Õ·∫§∑’‡√’¬®–‰¡àæ—≤π“°≈‰°Õ◊ËπÊ ∑’Ë∑”„Àâ¥◊ÈÕµàÕ¬“‡À≈à“π’È

∫√‘…—∑ Macrocide ·Ààßª√–‡∑» À√—∞Õ‡¡√‘°“‰¥â∑”°“√

§âπ§«â“‡°’Ë¬«°—∫ “√¬—∫¬—Èß°“√∑”ß“π¢Õß√–∫∫ MES (efflux

pump inhibitors, EPI) æ∫«à“ °“√„™â EPI √à«¡°—∫¬“ªØ‘™’«π–

®–¬—∫¬—Èß°“√∑”ß“π¢Õß√–∫∫·≈– ∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß¬“¿“¬

„π‡´≈≈å Ÿß¢÷Èπ ‚¥¬ EPI ∑’Ë‰¥â√—∫°“√æ—≤π“¢÷Èπ„π¢≥–π’È ¡’‡ªÑ“

À¡“¬‡æ◊ËÕ„™â¬—∫¬—Èß RND pumps „πºŸâªÉ«¬∑’Ëµ‘¥‡™◊ÈÕ P. aeruginosa

·≈–¬—ßµâÕß¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡Õ’° (Lomovskaya and Watkins,

2001a; Renau et al., 1999) πÕ°®“°π’È “√®“°∏√√¡™“µ‘

·≈– “√ °—¥®“°æ◊™∫“ß™π‘¥ “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß√–∫∫

MES ‰¥â ‡™àπ ‡√ ‡´Õæ’π (reserpine) (Lomovskaya and
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