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ÒÙ˘

∫∑§—¥¬àÕ ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ° ‘́π (Botulinum neurotoxins)  √â“ß®“°‡™◊ÈÕ Clostridium botulinum ́ ÷Ëß‡ªìπ·∫§∑’‡√’¬

·°√¡∫«°™π‘¥‰¡à„™âÕÕ°´‘‡®π¡’æ‘…¬—∫¬—Èß°“√À≈—Ëß “√ ◊ËÕª√– “∑‚¥¬‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ‚ª√μ’‡Õ  (BoNT

protease) ®–¬àÕ¬ ≈“¬ SNARE (soluble NSF attachment protein receptor) ÷́Ëß‡ªìπ‚ª√μ’π∑’Ë„™â„π°“√

À≈—Ëß “√ ◊ËÕª√– “∑ ‡¡◊ËÕ‚ª√μ’ππ’È∂Ÿ°∑”≈“¬®÷ß∑”„Àâ°≈â“¡‡π◊ÈÕ‰¡àμÕ∫ πÕß ®“°À≈—°°“√¥—ß°≈à“«®÷ß¡’°“√æ—≤π“

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π  ‡æ◊ËÕ„™â„π°“√√—°…“‚√§∑“ß¥â“π√–∫∫ª√– “∑ ‡™àπ Õ“°“√·¢Áß‡°√Áß¢Õß°≈â“¡‡π◊ÈÕ

§Õ (cervical dystonia) Õ“°“√μ“°√–μÿ° (blepharospasm) ªí®®ÿ∫—πæ∫«à“ “√æ‘…π’È “¡“√∂¬—∫¬—Èß‡´≈≈å

¡–‡√Áß‰¥â‚¥¬ºà“π∑“ß°“√¬—∫¬—Èß°“√À≈—ËßπÕ√åÕ’æ‘‡πø√‘π (norepinephrine) ∑”„ÀâÀ≈Õ¥‡≈◊Õ¥§≈“¬μ—«‡ªìπ°“√

‡ªî¥À≈Õ¥‡≈◊Õ¥„Àâ‡≈◊Õ¥π”ÕÕ° ‘́‡®π¡“‡≈’È¬ß‡´≈≈å‰¥â¡“°¢÷Èπ´÷Ëß®–™à«¬‡æ‘Ë¡°“√μÕ∫ πÕßμàÕ°“√√—°…“¥â«¬√—ß ’

·≈–‡§¡’∫”∫—¥ πÕ°®“°π’È¬—ß∑”≈“¬‡´≈≈å¡–‡√Áß‰¥â‚¥¬μ√ß‚¥¬°“√À≈—Ëß‡ÕÁπ‰´¡å‚ª√μ’‡Õ  (proteases) ·≈– ‰≈‡ª 

(lipases) ÕÕ°¡“¬àÕ¬∑”≈“¬‡´≈≈å¡–‡√Áß ·≈–¬—ß™à«¬≈¥°“√À¥‡°√Áß¢Õß°≈â“¡‡π◊ÈÕ´÷ËßÕ“®‡°‘¥®“°‡´≈≈å¡–‡√Áß‡Õß

À√◊Õº≈¢â“ß‡§’¬ß¢Õß°“√√—°…“·μàÕ¬à“ß‰√°Áμ“¡°“√„™â‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π „π°“√√—°…“¡–‡√Áßπ—Èπ¬—ß‰¡à

 “¡“√∂Õ∏‘∫“¬°≈‰°‰¥â·πà™—¥®÷ß®”‡ªìπμâÕß»÷°…“μàÕ‰ª„πÕπ“§μ

§” ”§—≠: ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ° ‘́π, Clostridium botulinum, SNARE, ‡´≈≈å¡–‡√Áß, À≈Õ¥‡≈◊Õ¥

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ° ‘́π (Botulinum
neurotoxins) °—∫°“√μâ“π¡–‡√Áß

®—π‡æÁ≠  ∫“ß ”√«®

 “¢“«‘™“«‘∑¬“»“ μ√å™’«¿“æ §≥–«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬À—«‡©’¬«‡©≈‘¡æ√–‡°’¬√μ‘

∫∑π”
‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π (Botulinum neurotoxins,

BoNTs) ¡’∑—Èßª√–‚¬™πå·≈–‚∑…∂Ÿ°π”¡“„™â„π∑“ß°“√

·æ∑¬å‡æ◊ËÕ√—°…“§«“¡º‘¥ª√°μ‘¢Õß°≈â“¡‡π◊ÈÕÕ—π‡π◊ËÕß

¡“®“°°“√∑”ß“π¢Õß√–∫∫ª√– “∑‚´¡“μ‘° (somatic

nervous system) À√◊Õ√–∫∫ª√– “∑Õ—μ‚π¡—μ‘ (auto-

nomic nervous system) ‡™àπ „∫Àπâ“°√–μÿ°§√÷Ëß´’°

(hemifacial spasm) Õ“°“√°≈â“¡‡π◊ÈÕ√Õ∫¥«ßμ“À¥‡°√Áß

(blepharospasm) Õ“°“√μ“‡À≈à (stabismus) ·≈–

‚√§§Õ∫‘¥ (cervical dystonia) ´÷Ëß‰¥â√—∫°“√¬Õ¡√—∫

®“°Õß§å°“√Õ“À“√·≈–¬“¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“„π

§.». 1989(1) πÕ°®“°π’È¬—ß„™â√—°…“°“√¡’‡Àß◊ËÕÕÕ°¡“°

º‘¥ª√°μ‘ (hyperhidrosis) ‚¥¬‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π

(botulinum neurotoxins) ®–‰ª¬—∫¬—Èß°“√À≈—ËßÕ– ’́-

∑‘≈‚§≈’π (acetylcholine) ®“°ª≈“¬ª√– “∑∑’Ë‰ª‡≈’È¬ß

μàÕ¡‡Àß◊ËÕ∑”„Àâ°“√À≈—Ëß‡Àß◊ËÕ≈¥≈ß(2) μàÕ¡“®÷ßπ”¡“„™â

ª√–‚¬™πå∑“ß¥â“π§«“¡ß“¡‡æ◊ËÕ≈∫√‘È«√Õ¬‡À’Ë¬«¬àπ·≈–

„™âμàÕ‡π◊ËÕß¡“®π∂÷ßªí®®ÿ∫—π Õ’°¥â“πÀπ÷Ëß “√æ‘…π’È‡ªìπ
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 “‡Àμÿ¢Õß°“√‡°‘¥‚√§∑’Ë ”§—≠§◊Õ ‚√§‚∫∑Ÿ≈‘´÷¡ (botu-

lism) ´÷Ëß¡—°®–‡°‘¥®“°°“√°‘πÕ“À“√∑’Ëªπ‡ªóôÕπ‡™◊ÈÕ

Õ“°“√· ¥ß∑’Ë ”§—≠§◊Õ ÕàÕπ‡æ≈’¬ Àπ—ßμ“μ° °≈â“¡

‡π◊ÈÕÕàÕπ·√ß ‚¥¬‡©æ“–À“°Õ“°“√√ÿπ·√ß¡“°®–∑”„Àâ

°≈â“¡‡π◊ÈÕ°√–∫—ß≈¡ ÷́Ëß„™â„π°“√À“¬„®ÕàÕπ·√ß∑”„ÀâºŸâ-

ªÉ«¬À¬ÿ¥À“¬„®·≈–‡ ’¬™’«‘μ„π∑’Ë ÿ¥ ¥—ßπ—Èπ„π ¡—¬

 ß§√“¡‚≈°§√—Èß∑’Ë 2 ‡™◊ÈÕπ’È®÷ß∂Ÿ°π”¡“„™â‡ªìπÕ“«ÿ∏

™’«¿“æ‡π◊ËÕß®“°¡’§«“¡§ßμ—« Ÿß  “¡“√∂√—∫‡¢â“ Ÿà

√à“ß°“¬‰¥âßà“¬·≈–¬—ß‰¡à¡’«‘∏’°“√∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√

√—°…“Õ“°“√∑’Ë‡°‘¥®“° “√æ‘…π’È(3) ªí®®ÿ∫—π¡’°“√»÷°…“

º≈¢Õß™’«æ‘…π’ÈμàÕ‚√§¡–‡√Áß´÷ËßºŸâªÉ«¬®”π«π¡“°

À«“¥À«—Ëπ°—∫°“√√—°…“¢Õß°“√„™â ‡§¡’∫”∫—¥À√◊Õ

√—ß ’√—°…“ ‡π◊ËÕß®“°Õ“°“√¢â“ß‡§’¬ß ‡™àπ §≈◊Ëπ‰ âÕ“‡®’¬π

º¡√à«ß ‡∫◊ËÕÕ“À“√ ®π∫“ß§√—Èß∑”„ÀâºŸâªÉ«¬‡≈‘°√—°…“

°≈“ß§—π ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ®÷ßÕ“®‡ªìπÕ’°∑“ß

‡≈◊Õ°∑’Ëπ”¡“„™â√à«¡°—∫°“√√—°…“ª√°μ‘∑”„Àâ‡ÀÁπº≈¢Õß

°“√√—°…“‰¥â‡√Á«™à«¬„ÀâºŸâªÉ«¬‰¡àμâÕß∑ÿ°¢å∑√¡“π°—∫°“√

√—°…“π“π Ê „πÕπ“§μÕ“® “¡“√∂æ—≤π“ª√—∫‡ª≈’Ë¬π

‚§√ß √â“ß¢Õß “√æ‘…π’È„Àâ‡À¡“– ¡®π “¡“√∂„™â‡ªìπ

¬“„π°“√√—°…“‚√§¡–‡√Áß‰¥â‚¥¬‡°‘¥º≈¢â“ß‡§’¬ßπâÕ¬∑’Ë ÿ¥

‚§√ß √â“ß¢Õß ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ‡ªìπ‚ª√μ’π∑’Ë √â“ß®“°‡™◊ÈÕ

Clostridium botulinum ´÷Ëß‡ªìπ·∫§∑’‡√’¬·°√¡∫«°

™π‘¥‰¡à„™âÕÕ° ‘́‡®π(4) ¡’≈—°…≥–‡ªìπ√Ÿª·∑àßæ∫‰¥â„π

¥‘π·≈–‚§≈π„π∑ÿ°¿Ÿ¡‘¿“§¢Õß‚≈° ·∫àß‡ªìπ 7 ™π‘¥§◊Õ

™π‘¥ ‡Õ ∂÷ß ™π‘¥ ®’ (A - G) ‚¥¬™π‘¥ ‡Õ ∫’ Õ’ ·≈– ‡Õø

∑”„Àâ‡°‘¥‚√§∑“ß√–∫∫ª√– “∑„π¡πÿ…¬å ™π‘¥ ´’ ·≈–

¥’ ∑”„Àâ‡°‘¥‚√§„π —μ«å  à«π™π‘¥ ®’ ¬—ß‰¡à¡’√“¬ß“π«à“

∑”„Àâ‡°‘¥‚√§∑—Èß„π§π·≈– —μ«å(5) ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π

 √â“ß®“°‰´‚μæ≈“ ´÷¡¢Õß·∫§∑’‡√’¬ÕÕ°¡“„π√Ÿª∑’Ë¬—ß

‰¡àæ√âÕ¡®–∑”ß“π (inactive form) ‡ªìπ‚ª√μ’π “¬

‡¥’Ë¬«·≈â«À≈—ß®“°π—Èπ®–∂Ÿ°¬àÕ¬¥â«¬‡ÕÁπ‰´¡å‚ª√μ’‡Õ 

(protease) ‰¥â‡ªìπ√Ÿª∑’Ëæ√âÕ¡∑”ß“π‰¥â (active form)

§◊Õ‚ª√μ’π∑’Ë —Èπ≈ß Õß “¬¡’¢π“¥ 100 °‘‚≈¥“≈μ—π

(heavy chain À√◊Õ H chain) ·≈– ¢π“¥ 50 °‘‚≈¥“≈

μ—π (light chain À√◊Õ L chain) μ“¡≈”¥—∫ ‚¥¬‚ª√μ’π

∑—Èß Õß “¬®–¬—ß‡™◊ËÕ¡°—πÕ¬Ÿà¥â«¬æ—π∏–°”¡–∂—π (disul-

fide) „π à«π¢Õß H chain π—Èπ·∫àßÕÕ°‡ªìπ Hn ·≈–

Hc ‚¥¬ Hc ∑”Àπâ“∑’Ë‡¢â“‰ª®—∫°—∫μ—«√—∫∑’Ë‡´≈≈åª√– “∑

°àÕπª√– “π (presynaptic neuron) ‡æ◊ËÕæ“‡Õ“ “√

æ‘…π’È‡¢â“ Ÿà‡´≈≈åª√– “∑¥â«¬«‘∏’‡ÕÁπ‚¥‰´‚μ´‘  (endocy-

tosis) ·≈â« √â“ß‡ªìπ‡ÕÁπ‚¥‚´¡ (endosome) ‚¥¬¡’

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ∫√√®ÿÕ¬Ÿà¿“¬„π‡ÕÁπ‚¥‚´¡π—Èπ  à«π

Hn ∑”Àπâ“∑’Ëæ“ à«π¢Õß L chain ÕÕ°®“°‡ÕÁπ‚¥‚´¡

‡æ◊ËÕ‡¢â“‰ª¬—ß‰´‚μæ≈“  ÷́¡¢Õß‡´≈≈åª√– “∑‚¥¬°“√

 √â“ß channels ∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈å·≈â«ºà“πÕÕ°‰ª∑“ß chan-

nels π—Èπ À≈—ß®“°π—Èπ L chain ´÷Ëß‡ªìπ‡Õπ‰´¡å‚ª√μ’‡Õ 

®–‡¢â“‰ª∑”≈“¬ N-ethyl maleimide-sensitive factor

attachment protein receptor (SNARE)

complex(5,6) ´÷Ëß‡ªìπ‚ª√μ’π∑’Ë„™â„π°“√¥÷ß∂ÿß∫√√®ÿ “√

 ◊ËÕª√– “∑ (synaptic vesicles) Õ– ’́∑‘≈‚§≈’π „Àâ

√Ÿª∑’Ë 1 ‚§√ß √â“ß¢Õß botulinum neurotoxin A (a) ‚§√ß √â“ß

¡’≈—°…≥–‡ªìπ‚ª√μ’π “¬‡¥’Ë¬«´÷ËßÕ¬Ÿà„π√Ÿª‰¡àæ√âÕ¡∑”ß“π

(inactive form) (b) À≈—ß®“°¬àÕ¬ ≈“¬‡ªìπ‚ª√μ’π

 “¬ —Èπ Õß “¬§◊Õ L chain ·≈– H chain ∑’Ë¬—ß‡™◊ËÕ¡

°—πÕ¬Ÿà¥â«¬æ—π∏–°”¡–∂—π (disulfide) ®–Õ¬Ÿà„π√Ÿª

æ√âÕ¡∑”ß“π‰¥â (active form) ¥—¥·ª≈ß®“° Ansiaux

·≈– Galle, 2007(5)



‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π (Botulinum neurotoxins) °—∫°“√μâ“π¡–‡√Áß
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‡§≈◊ËÕπ∑’Ë¡“™‘¥°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å¢Õßª≈“¬ª√– “∑‡æ◊ËÕ

À≈—Ëß “√ ◊ËÕª√– “∑

°≈‰°°“√À≈—Ëß “√ ◊ËÕª√– “∑

√–∫∫ª√– “∑∑”ß“π‚¥¬‡´≈≈å àß¢âÕ¡Ÿ≈ª√– “∑

Àπ÷Ëß‰ª¬—ß‡´≈≈åª√– “∑∂—¥‰ª‚¥¬Õ“»—¬ “√ ◊ËÕª√– “∑

‡ªìπμ—« àß¢âÕ¡Ÿ≈À≈“¬™π‘¥ ‚¥¬ √â“ß·≈–‡°Á∫ “√π’È ‰«â∑’Ë

ª≈“¬ª√– “∑ (synaptic terminal) ¿“¬„π∂ÿß (vesicle)

´÷Ëßº‘«¥â“ππÕ°¡’ ‚ª√μ’πÀ≈“¬™π‘¥∑”Àπâ“∑’Ë™à«¬À≈—Ëß

 “√ ◊ËÕª√– “∑ (√Ÿª∑’Ë 2)

‚ª√μ’π∑’Ë„™â ”À√—∫™à«¬À≈—Ëß “√ ◊ËÕª√– “∑‡√’¬°«à“

SNARE (soluble NSF attachment protein recep-

tor)(8) ‡™àπ synapsin I ∑”Àπâ“∑’Ë¬÷¥∂ÿß∫√√®ÿ “√ ◊ËÕ

ª√– “∑ „Àâ‡°“–Õ¬Ÿà°—∫‚ª√μ’πÕ◊Ëπ Ê ¿“¬„πª≈“¬

ª√– “∑‡æ◊ËÕ‰¡à„Àâ∂ÿß∫√√®ÿ “√ ◊ËÕª√– “∑≈àÕß≈Õ¬‰ª

¡“(9) ∂ÿß∑’Ë∂Ÿ°¬÷¥‰«â¥â«¬‚ª√μ’ππ’È‡√’¬°«à“ reserve pool

 à«π∂ÿß∑’Ë‡°“–Õ¬Ÿàμ√ßª≈“¬ ÿ¥¢Õßª≈“¬ª√– “∑∑’Ë°”≈—ß

®–À≈—Ëß “√ ◊ËÕª√– “∑ Ÿà¿“¬πÕ°‡√’¬°«à“ ready releas-

able pool °“√À≈—Ëß “√ ◊ËÕª√– “∑®–μâÕßÕ“»—¬‚ª√μ’π

∑’ËÕ¬Ÿà∑’Ëº‘«¢Õß∑—Èß∂ÿß∫√√®ÿ “√ ◊ËÕª√– “∑ ·≈–‚ª√μ’π∑’Ë

Õ¬Ÿà∑’Ëº‘«¢Õß‡¬◊ËÕ°àÕπª√– “π (presynaptic membrane

or nerve cell plasma membrane) ‚ª√μ’π∑’Ë ”§—≠ ‰¥â·°à

synaptobrevin, syntaxin I ·≈– SNAP25 ∑—Èßπ’È synap-

tobrevin ‡ªìπ‚ª√μ’π∑’ËÕ¬Ÿà∑’Ë∂ÿß∫√√®ÿ “√ ◊ËÕª√– “∑

´÷Ëß®–‡¢â“‰ª‡°“–°—∫‚ª√μ’π¢Õß‡¬◊ËÕ°àÕπª√– “π §◊Õ

syntaxin I ‚¥¬¡’ SNAP25 ‡ªìπμ—«™à«¬„Àâ synaptobrevin

·≈– syntaxin I ®—∫°—π·πàπ¢÷Èπ (√Ÿª∑’Ë 3) ‡¡◊ËÕ®—∫°—π·≈â«

syntaxin I ®–™à«¬¥÷ß∂ÿß∫√√®ÿ “√ ◊ËÕª√– “∑„Àâ

‡§≈◊ËÕπ∑’Ë≈ß¡“‡√◊ËÕ¬ Ê ®π¡“∂÷ß‡¬◊ËÕ°àÕπª√– “π ·≈â«

®÷ß·∑√°‡¢â“‰ª„π‡¬◊ËÕ°àÕπª√– “π ‡æ◊ËÕÀ≈—Ëß “√ ◊ËÕ

ª√– “∑ÕÕ° Ÿà¿“¬πÕ° (√Ÿª∑’Ë 4)

√Ÿª∑’Ë 2 ‚ª√μ’π∑’Ëº‘«¢Õß vesicle (V-snare) ∑’Ë„™â ”À√—∫°“√

‡§≈◊ËÕπ∑’Ëπ” vesicle ‰ª¬—ßª≈“¬ª√– “∑‡æ◊ËÕÀ≈—Ëß “√

 ◊ËÕª√– “∑ ¥—¥·ª≈ß®“° siegel ·≈–§≥–, 1999(7)

(synapsins ¡’∑—ÈßÀ¡¥ 3 ™π‘¥§◊Õ synapsin I, II ·≈– III ‚¥¬
synapsin I ·≈– II ¡’Àπâ“∑’Ë∑—Èß°“√À≈—Ëß “√ ◊ËÕª√– “∑·≈–™à«¬
„π°“√‡®√‘≠¢Õßª≈“¬ª√– “∑ ·μà synapsin I ®–¡’∫∑∫“∑‡¥àπ
„π¥â“π°“√À≈—Ëß “√ ◊ËÕª√– “∑¡“°°«à“  à«π synapsin II ¡’
∫∑∫“∑‡¥àπ„π‡√◊ËÕß°“√‡®√‘≠¢Õßª≈“¬ª√– “∑ synapsin III æ÷Ëß
§âπæ∫‰¥â‰¡àπ“π ®÷ß¬—ß‰¡à™—¥‡®π„πÀπâ“∑’Ë ¥—ßπ—Èπ„π√Ÿª®÷ß„™â™◊ËÕ‡ªìπ
Synapsins ‡æ◊ËÕ∫àß∫Õ°„Àâ√Ÿâ«à“μ—«∑’ËÕ¬Ÿà∑’Ë vesicle π—Èπ¡’À≈“¬™π‘¥
·μà„π‡π◊ÈÕÀ“„™â synapsin I ‡π◊ËÕß®“°‡ªìπ™π‘¥∑’Ë‡°’Ë¬«¢âÕß°—∫°“√

À≈—Ëß “√ ◊ËÕª√– “∑¡“°∑’Ë ÿ¥

√Ÿª∑’Ë 3 °“√®—∫°—π¢Õß synaptobrevin ·≈– syntaxin I ‚¥¬¡’

SNAP 25 ™à«¬„Àâ‚ª√μ’π ∑—Èß 2 ™π‘¥®—∫°—π·πàπ¢÷Èπ

¥—¥·ª≈ß®“° Alberts ·≈–§≥–, 2002(10)

(syntaxins ¡’À≈“¬™π‘¥¡’μ”·Àπàß∑’ËÕ¬Ÿà·μ°μà“ß°—π‰ª syntaxin 1,
2, 3 ®–Õ¬Ÿà∑’Ë plasma membrane ™à«¬„π°“√ exocytosis ·μà syntaxin
1 ®–¡’∫∑∫“∑¡“°∑’Ë ÿ¥„π°“√À≈—Ëß “√ ◊ËÕª√– “∑   à«π™π‘¥
Õ◊Ëπ Ê ®–Õ¬Ÿà„π‡´≈≈å™à«¬„π°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕÕ√å·°π‡π≈≈å ‡™àπ
syntaxin 5 ¡’Àπâ“∑’Ë¢π àß “√√–À«à“ß ER °—∫ golgi apparatus
œ≈œ)

t-SNARE (Syntaxins)

ÒıÒ
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°“√¬—∫¬—Èß°“√À≈—Ëß “√ ◊ËÕª√– “∑¥â«¬‚∫∑Ÿ≈‘π—¡ π‘«‚√-
∑ÁÕ°´‘π

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ∑—Èß 7 ™π‘¥¡’ƒ∑∏‘Ï¬—∫¬—Èß

°“√À≈—ËßÕ– ’́∑‘≈‚§≈’π  ÷́Ëß‡ªìπ “√ ◊ËÕª√– “∑∑’ËÀ≈—Ëß

ÕÕ°¡“®“°ª≈“¬ª√– “∑¢Õß‡´≈≈åª√– “∑¬πμå (mo-

tor neuron) μ√ß∫√‘‡«≥√Õ¬μàÕ√–À«à“ßª≈“¬ª√– “∑

°—∫°≈â“¡‡π◊ÈÕ≈“¬ (neuromuscular junction) ∑”

Àπâ“∑’Ë™à«¬„Àâ‡°‘¥°“√À¥μ—«¢Õß°≈â“¡‡π◊ÈÕ≈“¬  “√æ‘…π’È

®–„™â à«π¢Õß Hc (H chain carboxy-terminal) ‡¢â“‰ª

®—∫°—∫μ—«√—∫∑’Ë‡´≈≈åª√– “∑°àÕπª√– “π ‡æ◊ËÕ‡¢â“ Ÿà

‡´≈≈å¥â«¬«‘∏’‡ÕÁπ‚¥‰´‚μ´’  (receptor-mediated en-

docytosis) ·≈â«∫√√®ÿÕ¬Ÿà¿“¬„π‡ÕÁπ‚¥‚´¡ À≈—ß®“°

π—Èπæ—π∏–°”¡–∂—π (disulfide) ®–∂Ÿ°∑”≈“¬  à«π¢Õß L

chain ®÷ßÀ≈ÿ¥ÕÕ°¡“·≈â«ºà“πÕÕ°®“°‡ÕÁπ‚¥‚´¡∑“ß

ionic channel ‡æ◊ËÕ‰ª∑”≈“¬ SNARE protein ‚¥¬ ‚∫∑Ÿ-

≈‘π—¡ π‘«‚√∑ÁÕ° ‘́π™π‘¥ ‡Õ ́ ’ ·≈– Õ’  ®–∑”≈“¬ cleaves

synaptosomal-associated proteins (SNAP-25) ‚∫∑Ÿ-

≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥∫’ ¥’ ‡Õø ·≈–®’  ∑”≈“¬ vesicle-

√Ÿª∑’Ë 4 ¢—ÈπμÕπ°“√À≈—Ëß “√ ◊ËÕª√– “∑ (a) Vesicle ∑’Ë®–À≈—Ëß “√ ◊ËÕª√– “∑®–∂Ÿ°π”¡“‰«â∑’Ë à«πª≈“¬¢Õß axon ‡√’¬° vesicle π’È«à“

ready releasable pool (b) ·≈â« vesicle °Á®– fuse √«¡°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å¢Õßª≈“¬ª√– “∑‡æ◊ËÕª≈àÕ¬ “√ ◊ËÕª√– “∑ÕÕ°‰ª

¬—ß™àÕß«à“ß√–À«à“ß‡´≈≈åª√– “∑°àÕπª√– “π·≈–À≈—ßª√– “π (synaptic cleft) ‡√’¬°∫√‘‡«≥∑’Ë¡’°“√À≈—Ëß “√ ◊ËÕª√– “∑π’È«à“

active zone ‚¥¬∫√‘‡«≥π’È®–¡’ voltage-activated Ca2+ channels Õ¬Ÿà¥â“π¢â“ß (c) ‡¡◊ËÕ “√ ◊ËÕª√– “∑À≈—ËßÕÕ°‰ª®πÀ¡¥ vesicle

°Á fuse √«¡°—∫‡¬◊ËÕÀÿâ¡‡´≈≈åÕ¬à“ß ¡∫Ÿ√≥å (d) À≈—ß®“°π—Èπ®–‡°‘¥‡ÕÁπ‚¥‰´‚μ ‘́  (endocytosis) ‡æ◊ËÕ √â“ß‡ªìπ vesicle „À¡à

vesicle ‡À≈à“π’È∂Ÿ° coat ¥â«¬ clathrin ·≈â« àßμàÕ‰ª‡√◊ËÕ¬ Ê (e) ®π à«π¢Õß cathrin À≈ÿ¥ÕÕ°‰ª‡æ◊ËÕ∫√√®ÿ “√ ◊ËÕª√– “∑

‡¢â“‰ª„À¡à·≈â« vesicle ‡À≈à“π’È°Á®–‰ª®—∫°—πÕ¬Ÿà√«¡°—π‡ªìπ°≈ÿà¡ (vesicle clustering) ‡æ◊ËÕ√Õ°“√°√–μÿâπ§√—ÈßμàÕ‰ª ¥—¥·ª≈ß

®“° Haucke ·≈–§≥–, 1999(11)



‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π (Botulinum neurotoxins) °—∫°“√μâ“π¡–‡√Áß

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ Úııı ªï∑’Ë ÚÒ ©∫—∫∑’Ë ı

√Ÿª∑’Ë 5 °“√¬—∫¬—Èß°“√À≈—Ëß “√ ◊ËÕª√– “∑¥â«¬‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π (botulinumneuro toxins) (a) °“√‡¢â“ Ÿà‡´≈≈å¢Õß‚∫∑Ÿ≈‘π—¡

π‘«‚√∑ÁÕ°´‘π ∑’Ëª≈“¬ª√– “∑‚§≈‘‡πÕ√å®‘° (cholinergic)(5) ·≈– (b) °“√¬—∫¬—Èß°“√À≈—Ëß “√ ◊ËÕª√– “∑¢Õß‚∫∑Ÿ≈‘π—¡

π‘«‚√∑ÁÕ°´‘π ‚¥¬°“√‡¢â“‰ª∑”≈“¬ SNAP-25, VAMP ·≈– syntaxin ¥—¥·ª≈ß®“° Arnon ·≈–§≥–, 2001(13)

associated membrane protein (VAMP) À√◊Õ¡’™◊ËÕ

‡√’¬°Õ’°Õ¬à“ß«à“ synaptobrevin II ·≈– ‚∫∑Ÿ≈‘π—¡

π‘«‚√∑ÁÕ°´‘π™π‘¥ ́ ’ ∑”≈“¬ syntaxin ‡¡◊ËÕ SNARE pro-

tein μà“ß Ê ‡À≈à“π’È∂Ÿ°∑”≈“¬®–∑”„Àâ∂ÿß∫√√®ÿ “√ ◊ËÕ

ª√– “∑‰¡à “¡“√∂‡§≈◊ËÕπ≈ß‰ª Ÿà à«πª≈“¬‰¥â (docking)

®÷ß¬—∫¬—Èß°“√À≈—Ëß¢Õß “√ ◊ËÕª√– “∑∑”„Àâ‡°‘¥Õ“°“√

°≈â“¡‡π◊ÈÕÕàÕπ·√ßμ“¡¡“(12,13)

§«“¡·√ß·≈–Àπà«¬¢Õß¬“∑’Ë„™â„π°“√√—°…“

ªí®®ÿ∫—π¡’‡æ’¬ß‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ™π‘¥ ‡Õ ·≈–

∫’ ‡∑à“π—Èπ∑’Ë„™â‡ªìπ¬“ ™π‘¥´’ ·≈–‡Õø‡§¬∑¥≈Õß„™â„π

¡πÿ…¬å·μà¬—ß‰¡à¡’°“√π”¡“„™â®√‘ß(14) ™π‘¥·√°∑’Ëπ”¡“„™â

∑“ß°“√·æ∑¬å§◊Õ ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥ ‡Õ ¿“¬

„μâ™◊ËÕ°“√§â“ Botox® ·≈–¬—ß„™âμàÕ‡π◊ËÕß¡“®π∂÷ßªí®®ÿ∫—π

μàÕ¡“‰¥â¡’°“√º≈‘μ¿“¬„μâ™◊ËÕ°“√§â“Õ◊Ëπ §◊Õ Dysport®,

CS-BOT®   à«π‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥ ∫’ ¡’

®”Àπà“¬¿“¬„μâ™◊ËÕ°“√§â“ Myobloc®  ·≈– Neurobloc(9)

ª√‘¡“≥¢Õß “√æ‘…∑’Ë„™â„π°“√√—°…“®–„™â‡ªìπ 1 Àπà«¬

‚¥¬ 1 Àπà«¬¡’§à“‡∑à“°—∫ª√‘¡“≥¢Õß “√æ‘…∑’Ë©’¥‡¢â“

∑“ßÀπâ“∑âÕß¢ÕßÀπŸæ—π∏ÿå Swiss Webster ‡æ»‡¡’¬

·≈â«∑”„ÀâÀπŸ¥—ß°≈à“«μ“¬‰ª§√÷ËßÀπ÷Ëß¢ÕßÀπŸ∑—ÈßÀ¡¥∑’Ë

„™â∑¥ Õ∫§«“¡·√ß¢Õß “√æ‘…(15) ∑—È ßπ’È¬“∑’Ëº≈‘μ

·μà≈–∫√‘…—∑®–¡’§«“¡·√ßμà“ß°—π ‡™àπ Botox® 1 Àπà«¬

‡∑à“°—∫ Dysport® 2-5 Àπà«¬(16) ·μàª√– ‘∑∏‘¿“æ„π

°“√√—°…“¢Õß Dysport® ®–μË”°«à“ Botox® ‚¥¬ 1

Àπà«¬§«“¡·√ß¢Õß Botox® ®–„Àâº≈°“√√—°…“‡∑’¬∫

‡∑à“°—∫ 3 - 4 Àπà«¬¢Õß Dysport®  à«π CS-BOT®

ÒıÛ
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π—Èπ„Àâª√– ‘∑∏‘¿“æ„π°“√√—°…“μàÕÀπà«¬§«“¡·√ß„°≈â

‡§’¬ß°—∫ Botox®(17)  à«π¢π“¥¬“∑’Ë„™â ”À√—∫√—°…“

‚√§¡–‡√Áßπ—Èπªí®®ÿ∫—π¬—ßÕ¬Ÿà„π¢—Èπ¢Õß°“√∑¥≈Õß ÷́Ëß

 à«π¡“°‡ªìπ°“√∑¥≈Õß„π —μ«å¬—ß‰¡àπ”¡“„™â„π∑“ß°“√

·æ∑¬å®÷ß‰¡à¡’¢π“¥¬“∑’Ë„™â ‰¥âª≈Õ¥¿—¬·≈–„Àâº≈°“√

√—°…“∑’Ë·πàπÕπ‡À¡◊Õπ¥—ß‡™àπ¬“Õ◊Ëπ

°≈‰°„π°“√μàÕμâ“π¡–‡√Áß

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ¡’ª√–‚¬™πå„π°“√√—°…“

‚√§¡–‡√Áß´÷Ëßªí®®ÿ∫—π¬—ß¡’°“√»÷°…“πâÕ¬¡“°‡∑à“∑’Ë¡’

√“¬ß“πæ∫«à“ ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ™à«¬√—°…“·≈–

∫√√‡∑“Õ“°“√¢Õß‚√§¡–‡√Áß¥â«¬ 3 °≈‰°§◊Õ

1. ™à«¬≈¥Õ“°“√ª«¥∑’Ë‡°‘¥®“°°“√À¥‡°√Áß¢Õß

°≈â“¡‡π◊ÈÕ∑’Ë¡’ “‡Àμÿ®“°‡´≈≈å¡–‡√ÁßÀ√◊Õº≈¢Õß°“√√—°…“

‡™àπ Õ“°“√À¥‡°√Áß¢Õß°≈â“¡‡π◊ÈÕ°√–‡æ“–ªí  “«–

¿“¬À≈—ß√—°…“¡–‡√Áßª“°¡¥≈Ÿ°(18) °“√ª«¥¢Õß°≈â“¡

‡π◊ÈÕ∑’Ë§ÕÀ≈—ß„™â√—ß ’√—°…“¡–‡√Áß∑’Ë§Õ·≈–»’√…–(19) √«¡

∑—Èß°“√√—°…“∑’Ë‰¢ —πÀ≈—ß√–¥—∫‡Õ«·≈–°√–‡∫π‡ÀπÁ∫´÷Ëß

 àßº≈∑”„Àâ‡°‘¥Õ“°“√°√–μÿ°¢Õß°≈â“¡‡π◊ÈÕμ“¡¡“(20) ∑’Ë

‡ªìπ‡™àππ’È‡π◊ËÕß®“°√—ß ’‰ª∑”≈“¬‡¬◊ËÕ‰¡Õ’≈‘π (myelin

sheath) ∑”„Àâ‡°‘¥°“√À¥μ—«¢Õß°≈â“¡‡π◊ÈÕ´÷Ëß‡ªìπ

 “‡Àμÿ∑”„Àâ‡°‘¥Õ“°“√ª«¥(19) πÕ°®“°π’È°“√√—°…“

¡–‡√Áß¥â«¬‡§¡’∫”∫—¥¬—ß¡’º≈¢â“ß‡§’¬ß∑”„Àâ‡°‘¥°“√À¥

μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥·≈â«∑”„ÀâÀ—«„®À¬ÿ¥∑”ß“πÀ√◊Õ°≈â“¡

‡π◊ÈÕÀ—«„®μ“¬‰¥â ®“°°“√»÷°…“¢Õß Paiva ·≈–§≥– æ∫

«à“¿“¬À≈—ß„Àâ°“√√—°…“§π‰¢â¡–‡√ÁßÕ—≥±– ¡–‡√ÁßªÕ¥

·≈–¡–‡√ÁßμàÕ¡∑Õπ ‘́≈ ¥â«¬‡§¡’∫”∫—¥‚¥¬„Àâ¬“ 5-fluo-

rouracil √à«¡°—∫ cisplatin ∑”„Àâ§π‰¢â¡’Õ“°“√À—«„®

¢“¥‡≈◊Õ¥‡π◊ËÕß®“°À≈Õ¥‡≈◊Õ¥‡°‘¥°“√À¥μ—«(21) Õ“°“√

ª«¥°≈â“¡‡π◊ÈÕ·≈–°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥π’È∫√√‡∑“

‰¥â‚¥¬‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥ ‡Õ  ‡æ√“– “√æ‘…π’È

‡¢â“‰ª∑”≈“¬‚ª√μ’π∑’Ë„™â ”À√—∫°“√À≈—ËßÕ–´’∑‘≈‚§≈’π

(acetylcholine) ∑’Ë∫√‘‡«≥√Õ¬μàÕ√–À«à“ßª≈“¬

ª√– “∑°—∫°≈â“¡‡π◊ÈÕ≈“¬·≈–πÕ√åÕ’æ‘‡πø√‘π (norepi-

nephrine) ∑’ËÀ≈Õ¥‡≈◊Õ¥∑”„Àâ°≈â“¡‡π◊ÈÕ·≈–À≈Õ¥

‡≈◊Õ¥§≈“¬μ—«(22)  àßº≈„ÀâÕ“°“√ª«¥°≈â“¡‡π◊ÈÕ≈¥≈ß

·≈–‡≈◊Õ¥¡“‡≈’È¬ß∫√‘‡«≥¥—ß°≈à“«‰¥â¡“°¢÷Èπ´÷Ëß‡ªìπ°“√

ªÑÕß°—π¿“«–‡´≈≈å¢“¥‡≈◊Õ¥ Õ¬à“ß‰√°Áμ“¡«‘∏’¥—ß°≈à“«

‡ªìπ‡æ’¬ß°“√∫√√‡∑“Õ“°“√¢â“ß‡§’¬ß®“°°“√√—°…“

‡∑à“π—Èπ‰¡à„™à«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√√—°…“‚√§

¡–‡√Áß

2. ∑”≈“¬‡´≈≈å¡–‡√Áß‚¥¬μ√ß®“°‡ÕÁπ‰´¡å∑’ËÀ≈—Ëß

ÕÕ°¡“®“°‡™◊ÈÕ‚√§ ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ¬—ß “¡“√∂

∑”≈“¬‡´≈≈å¡–‡√Áß‰¥â ‚¥¬μ√ß ‡™àπ ‡¡◊ËÕ©’¥‚∫∑Ÿ≈‘π—¡

π‘«‚√∑ÁÕ° ‘́π™π‘¥ ‡Õ ‡¢â“‰ª¬—ßμàÕ¡≈Ÿ°À¡“°¢Õß§π‰¢â

¡–‡√ÁßμàÕ¡≈Ÿ°À¡“°æ∫«à“®”π«π‡´≈≈å¡–‡√Áß≈¥≈ß

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘(23) À√◊Õ‡¡◊ËÕ©’¥ ªÕ√å¢Õß‡™◊ÈÕ

·∫§∑’‡√’¬ Clostridia ‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥¥”À√◊Õ©’¥‡¢â“

‚¥¬μ√ß∑’Ë‡´≈≈å¡–‡√Áß ‡ÕÁπ‰´¡å‚ª√μ’‡Õ  ·≈– ‰≈‡ª  ®“°

 ªÕ√å¢Õß‡™◊ÈÕ∑’Ë©’¥‡¢â“‰ªπ—Èπ®–‡¢â“‰ª¬àÕ¬ ≈“¬·≈–

∑”≈“¬‡´≈≈å¡–‡√Áß(5) πÕ°®“°π’È√à“ß°“¬¬—ß √â“ß

¿Ÿ¡‘§ÿâ¡°—πμàÕμâ“π°—∫‡™◊ÈÕπ’È¥â«¬ ‚¥¬∑’Ë¿Ÿ¡‘§ÿâ¡°—π∑’Ë √â“ß

¢÷Èπ‰¡à‡æ’¬ß·μàμàÕμâ“π‡™◊ÈÕ Clostridia ‡∑à“π—Èπ¬—ß¡’º≈

∑”≈“¬‡´≈≈å¡–‡√Áß¥â«¬ °“√„™â Clostridia „π°“√

√—°…“¡–‡√Áßπ—Èπ¡’º≈μàÕ‡´≈≈åª√°μ‘πâÕ¬¡“°‡æ√“–μ—«

¡—π‡Õß‡®√‘≠‡μ‘∫‚μ¿“¬„μâ ¿“«–∑’Ë ‰¡à¡’ÕÕ°´‘‡®π®÷ß

 “¡“√∂·∑√° ÷́¡·≈–‡æ‘Ë¡®”π«π„π‡´≈≈å¡–‡√Áß‰¥â

‡π◊ËÕß®“°‡´≈≈å¡–‡√Áß‡ªìπ‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà„π¿“«–æ√àÕß

ÕÕ° ‘́‡®π (hypoxia) À√◊Õ‡ªìπ‡´≈≈å∑’Ëμ“¬·≈â«

(necrosis)(24) ·μàÕ¬à“ß‰√°Áμ“¡º≈°“√¬—∫¬—Èß‡´≈≈å¡–

‡√Áß¥â«¬‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π π—Èπ‡ªìπº≈®“°°“√‡ªî¥

À≈Õ¥‡≈◊Õ¥‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ ¢Õß√—ß ’√—°…“À√◊Õ

‡§¡’∫”∫—¥¡“°°«à“º≈®“°°“√∑”≈“¬‡´≈≈å¡–‡√Áß

‚¥¬μ√ß(25) ‡π◊ËÕß®“°°“√‡ªî¥À≈Õ¥‡≈◊Õ¥π—Èπ®–∑”„Àâ

¬“À√◊Õ√—ß ’ “¡“√∂‡¢â“‰ª∑”≈“¬‡´≈≈å¡–‡√Áß‰¥âÕ¬à“ß¡’

ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ´÷Ëß‡ªìπ«‘∏’¡“μ√∞“π∑’Ë„™â√—°…“ºŸâ-

ªÉ«¬¡–‡√Áß„πªí®®ÿ∫—π ¥—ß√“¬ß“π«‘®—¬¢Õß Ansiaux ·≈–

§≥– ∑’Ëæ∫«à“°“√„Àâ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥ ‡Õ  √à«¡

°—∫°“√©“¬√—ß ’·≈–°“√„Àâ¬“ cyclophosphamide

 “¡“√∂≈¥°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å¡–‡√Áß‰¥â¥’°«à“°“√
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©’¥‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π™π‘¥ ‡Õ ‡¢â“‰ª∑’Ë‡´≈≈å¡–‡√Áß

‡æ’¬ßÕ¬à“ß‡¥’¬«(22)

3. ‡ªî¥À≈Õ¥‡≈◊Õ¥‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√

√—°…“¥â«¬√—ß ’À√◊Õ‡§¡’∫”∫—¥ «‘∏’°“√„π°“√∑”≈“¬‡´≈≈å

¡–‡√Áß à«π¡“°®–æÿàß‡ªÑ“‰ª∑’ËÀ≈Õ¥‡≈◊Õ¥∑’Ë‡≈’È¬ß‡´≈≈å

¡–‡√Áßπ—Èπ´÷Ëß¬“À≈“¬™π‘¥°ÁÕÕ°ƒ∑∏‘Ï∑”≈“¬À≈Õ¥‡≈◊Õ¥(26)

À√◊Õ‰ª¢—¥¢«“ß°“√‡®√‘≠‡μ‘∫‚μ¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë ‰ª

‡≈’È¬ß‡´≈≈å¡–‡√Áß(27) ∑”„Àâ‡´≈≈å¡–‡√Áß¢“¥Õ“À“√·≈–

ÕÕ°´‘‡®π„π à«π¢Õß‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π ¡’º≈∑’Ë

À≈Õ¥‡≈◊Õ¥‡™àπ‡¥’¬«°—π·μà„Àâº≈μ√ß°—π¢â“¡ §◊Õ∑”„Àâ

À≈Õ¥‡≈◊Õ¥¢¬“¬ ÷́Ëß‡ªìπ°“√‡ªî¥À≈Õ¥‡≈◊Õ¥∑”„Àâ‡≈◊Õ¥

·≈–ÕÕ°´‘‡®π‰ª¬—ß‡´≈≈å¡–‡√Áß‰¥â¡“°¢÷Èπ(28) °“√∑’Ë

ÕÕ°´‘‡®π‰ª‡≈’È¬ß‡´≈≈å¡“°¢÷Èπ®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

¢Õß°“√√—°…“¥â«¬√—ß ’·≈–‡§¡’∫”∫—¥‡æ√“–√–¥—∫ÕÕ° ‘́-

‡®π∑’Ë¡“°¢÷Èπ®–∑”„Àâ‡´≈≈å¡’§«“¡‰«μàÕ°“√„Àâ‡§¡’

∫”∫—¥À√◊Õ©“¬· ß¡“°¢÷Èπ °≈‰°∑’Ë∑”„ÀâÀ≈Õ¥‡≈◊Õ¥

¢¬“¬¢Õß‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π π—Èπ‡°‘¥®“°°“√¬—∫¬—Èß

°“√À≈—Ëß “√ ◊ËÕª√– “∑πÕ√åÕ’æ‘‡πø√‘π  ÷́ËßÀ≈—Ëß®“°

‡´≈≈åª√– “∑À≈—ßª√– “π (postsynaptic neuron) ¢Õß

√–∫∫ª√– “∑´‘¡æ“‡∑μ‘° (sympathetic nervous sys-

tem) ∑”„ÀâÀ≈Õ¥‡≈◊Õ¥¢¬“¬‡≈◊Õ¥®÷ß‰À≈‡«’¬π·≈–æ“

ÕÕ°´‘‡®π¡“¬—ß∫√‘‡«≥π—Èπ‰¥â¡“°¢÷Èπ(29)

 √ÿª

‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π π—Èπ¡’ª√–‚¬™πåπ“π—ª°“√

∑’Ë√Ÿâ®—°°—πÕ¬à“ß·æ√àÀ≈“¬°Á§◊Õ„™â„π¥â“π§«“¡ß“¡™à«¬

≈¥√‘È«√Õ¬  à«π„π∑“ß°“√·æ∑¬å„™â‡æ◊ËÕ°“√√—°…“

∫√√‡∑“Õ“°“√¢Õß‚√§μà“ß Ê ‡™àπ °“√À¥‡°√Áß¢Õß

°≈â“¡‡π◊ÈÕ Àπ—ßμ“°√–μÿ° „™â∫√√‡∑“Õ“°“√ª«¥ √«¡

∑—Èß„™â≈¥°“√∑”ß“π¢ÕßμàÕ¡μà“ß Ê ‡™àπ ¿“«–°“√À≈—Ëß

πÈ”≈“¬¡“° À√◊Õ¡’‡Àß◊ËÕÕÕ°¡“°°«à“ª√°μ‘ ª√–‚¬™πå

Õ’°¥â“π∑’Ëπà“ π„®§◊Õ°“√„™â√—°…“‚√§¡–‡√ÁßÀ“°¡’°“√

æ—≤π“„Àâ¡“°¢÷Èπ°Á®–π”‰ª Ÿà§«“¡‡®√‘≠°â“«Àπâ“∑“ß

¥â“π°“√·æ∑¬å·≈–°“√√Õ¥™’«‘μ¢ÕßºŸâªÉ«¬¡–‡√Áß‡æ√“–

°“√√—°…“¡–‡√Áß¥â«¬®ÿ≈‘π∑√’¬åπ—Èπ®– “¡“√∂≈¥º≈¢â“ß

‡§’¬ßÀ≈“¬ª√–°“√∑’Ë‡°‘¥®“°°“√√—°…“¥â«¬√—ß ’À√◊Õ‡§¡’

∫”∫—¥Õ—π®–∑”„ÀâºŸâªÉ«¬¡’§ÿ≥¿“æ™’«‘μ∑’Ë¥’¢÷Èπ¢≥–√—°…“

≥ ªí®®ÿ∫—π‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π μàÕ‚√§¡–‡√Áßπ—Èπ„Àâº≈

3 ¥â“π¥â«¬°—π§◊Õ ™à«¬≈¥Õ“°“√À¥‡°√Áß¢Õß°≈â“¡‡π◊ÈÕ

´÷ËßÕ“®‡ªìπº≈®“°‡´≈≈å¡–‡√Áß‡ÕßÀ√◊Õº≈®“°°“√√—°…“

°Áμ“¡·μàº≈°“√À¥‡°√Áß¥—ß°≈à“«°Á®–∑”„ÀâºŸâªÉ«¬¡’

Õ“°“√ª«¥μ“¡¡“°“√≈¥°“√À¥‡°√Áß°Á®–™à«¬≈¥

Õ“°“√ª«¥π—Èπ‰¥â Õ’°¥â“π§◊Õ™à«¬¢¬“¬À≈Õ¥‡≈◊Õ¥‡æ◊ËÕ

„Àâ‡≈◊Õ¥‰ª¬—ß‡´≈≈å¡–‡√Áß‰¥â¡“°¢÷Èπ´÷Ëß‚¥¬ª√°μ‘‡´≈≈å

¡–‡√Áß®–‡ªìπ‡´≈≈å∑’Ëæ√àÕßÕÕ°´‘‡®π∑”„Àâ°“√√—°…“¥â«¬

‡§¡’∫”∫—¥À√◊Õ°“√©“¬√—ß ’‰¡à‡°‘¥º≈‡∑à“∑’Ë§«√‡æ√“–

‡ªìπ∑’Ë∑√“∫°—π¥’«à“‡´≈≈å®–μÕ∫ πÕßμàÕ√—ß ’À√◊Õ‡§¡’

∫”∫—¥¥’À√◊Õ‰¡à¢÷ÈπÕ¬Ÿà°—∫ÕÕ° ‘́‡®π¿“¬„π‡´≈≈å  ÿ¥∑â“¬

§◊Õ‡™◊ÈÕ·∫§∑’‡√’¬‰ª¡’º≈∑”≈“¬‡´≈≈å¡–‡√Áß‚¥¬μ√ß®“°

°“√°√–μÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—πÀ√◊Õ¡’°“√ √â“ß‡ÕÁπ‰´¡å‡æ◊ËÕ

‰ª¬àÕ¬ ≈“¬‡´≈≈å¡–‡√Áß Õ¬à“ß‰√°Áμ“¡§«“¡√Ÿâ∑“ß¥â“π

°“√„™â ‚∫∑Ÿ≈‘π—¡ π‘«‚√∑ÁÕ°´‘π μàÕ°“√¬—∫¬—Èß ‡´≈≈å

¡–‡√Áß¬—ß¡’®”°—¥¬—ß‰¡à ‰¥âπ”¡“„™â®√‘ß„π∑“ß°“√·æ∑¬å

®”‡ªìπμâÕß»÷°…“§âπ§«â“‡æ‘Ë¡‡μ‘¡μàÕ‰ª„πÕπ“§μ‡æ◊ËÕ

æ—≤π“«‘∏’°“√√—°…“„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥·≈–‡°‘¥º≈

¢â“ß‡§’¬ßπâÕ¬∑’Ë ÿ¥
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Abstract Botulinum Neurotoxins in Cancer Therapy
Janpen Bangsumruaj
Department of Biology Science, Faculty of Science and Technology, Huachiew Chalermprakiet
University
Journal of Health Science 2012; 21:1049-57.

Botulinum neurotoxins (BoNTs) are produced by Clostridium botulinum, an anaerobic spore-
former gram positive bacillus. BoNT protease disables synaptic vesicle exocytosis by cleaving their
cytosolic SNARE (soluble NSF attachment protein receptor) substrates that induce muscle weak-
ness. It has become a valuable method in the treatment of neurological disorders such as cervical
dystonia and blepharospasm.  It has also been found to be anti-cancer by inhibiting norepinephrine
releases for open tumor vessels. BoNT protease provides for tumor oxygenation and perfusion which
leads to a substantial improvement in the tumor’s response during radiotherapy or chemotherapy.
When directly affecting germinating bacteria, hydrolytic enzymes, such as proteases and lipases,
are secreted to destroy cancerous cells. Lastly, it reduces muscle toning by relieving spasms result-
ing from cancer or therapies. However, the anti-cancer effect of BoNT is not yet fully understood,
therefore, further study is required.

Key words: botulinum neurotoxins, Clostridium botulinum, SNARE, cancerous cells, tumor vessel
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