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Genotoxicity Evaluation by Allium cepa test

Ploenpit Chokchaichamnankit

ABSTRACT

Recently, there is an increasing of chemical utilization that results in chemical residuced
to the environments and tend to effect the ecosystem. Hence, it is neccessary to evaluate the
toxicity of contaminants that contaminated in the environment by using Allium cepa test which
is the basic method for evaluating the toxicity. In this method, the onions are used as test plants
because of simple method, high sensitivity and good correlation to the other methods.
Therefore, Allium cepa test has been widely used for genotoxicity evaluation of chemical
residuced, pesticide, natural extracts, and nano paticles.
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∫∑π”
ªí®®ÿ∫—π¡’°“√„™â “√‡§¡’¡“°¢÷Èπ ∑—Èß°“√„™â “√‡§¡’„π‚√ßß“πÕÿμ “À°√√¡μà“ßÊ °“√„™â “√‡§¡’

∑“ß°“√‡°…μ√ √«¡∂÷ß°“√„™â “√‡§¡’„π™’«‘μª√–®”«—π ®÷ß àßº≈„Àâ¡’√“¬ß“π°“√μ°§â“ß¢Õß “√‡§¡’„π
 ‘Ëß·«¥≈âÕ¡„πª√‘¡“≥¡“° ´÷Ëß°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬μàÕ√–∫∫π‘‡«» ·≈–‡ªìπÕ—πμ√“¬μàÕ ‘Ëß¡’™’«‘μ„π√–∫∫
π‘‡«»√«¡∑—Èß¡πÿ…¬å ¥—ß∑’Ë¡’√“¬ß“π°“√μ°§â“ß¢Õß “√‡§¡’∑“ß‡¿ —™°√√¡„π∑àÕπÈ”∑‘Èß·≈–·À≈àßπÈ”„π
°√ÿß‡∑æ¡À“π§√„πªï æ.». 2554 ·≈– 2555 ‚¥¬æ∫«à“ “√∫“ß™π‘¥¡’ª√‘¡“≥∑’ËÕ“® àßº≈°√–∑∫μàÕ√–∫∫
π‘‡«» [1] ·≈–¬—ß¡’√“¬ß“π°“√μ°§â“ß¢Õß “√‡§¡’°”®—¥»—μ√Ÿæ◊™ „π·À≈àßπÈ”„π∫√‘‡«≥æ◊Èπ∑’Ë∑’Ë∑”‡°…μ√°√√¡
∑—Èß·À≈àßπÈ”∏√√¡™“μ‘·≈–·À≈àßπÈ”∑’Ë„™â‡æ◊ËÕ°“√Õÿª‚¿§∫√‘‚¿§¢Õß§π„π™ÿ¡™π [2, 3] πÕ°®“°π’È¬—ßæ∫°“√
μ°§â“ß¢Õß “√°”®—¥»—μ√Ÿæ◊™„πº≈‘μº≈∑“ß°“√‡°…μ√∑’Ë«“ß®”Àπà“¬„π∑âÕßμ≈“¥ ·≈–æ∫«à“ “√∑’Ëμ°§â“ß
À≈“¬™π‘¥¡’ª√‘¡“≥ Ÿß°«à“§à“¡“μ√∞“π§«“¡ª≈Õ¥¿—¬ [4, 5] πÕ°®“°π’È„π™à«ß‡«≈“ª√–¡“≥ 10 ªï∑’Ëºà“π¡“
‡∑§‚π‚≈¬’√–¥—∫π“‚π‰¥â√—∫°“√æ—≤π“·≈–∂Ÿ°π”‰ªª√–¬ÿ°μå„™â∑—Èß¥â“πÕÿμ “À°√√¡ °“√·æ∑¬å ·≈–
°“√‡°…μ√¡“°¢÷Èπ ´÷ËßÕ“®∑”„ÀâÕπÿ¿“§π“‚πªπ‡ªóôÕπÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡ [6, 7, 8]

°“√ªπ‡ªóôÕπ¢Õß “√‡§¡’„π ‘Ëß·«¥≈âÕ¡¥—ß∑’Ë°≈à“«¡“¢â“ßμâπ ∑”„Àâ‡°‘¥§«“¡μ√–Àπ—°∂÷ßº≈
°√–∑∫μàÕ ‘Ëß¡’™’«‘μ„π√–∫∫π‘‡«» √«¡∑—Èß¡πÿ…¬å ‡π◊ËÕß®“° “√‡§¡’∑’Ëæ∫μ°§â“ß„π ‘Ëß·«¥≈âÕ¡ à«π„À≠à¡’
§«“¡‡ªìπæ‘… ‚¥¬Õ“®¡’§«“¡‡ªìπæ‘…μàÕ ‘Ëß¡’™’«‘μ„π√–¥—∫‡´≈≈å ¥â«¬°“√¬—∫¬—Èß°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å
À√◊Õ∑”„Àâ‡´≈≈åμ“¬ ´÷Ëß§«“¡‡ªìπæ‘…·∫∫π’È‡√’¬°«à“ cytotoxic À√◊ÕÕ“®¡’§«“¡‡ªìπæ‘…μàÕ ‘Ëß¡’™’«‘μ„π
√–¥—∫ “√æ—π∏ÿ°√√¡¥â«¬°“√°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬°—∫‚§√‚¡‚´¡·≈–¥’‡ÕÁπ‡Õ ÷́Ëß§«“¡‡ªìπæ‘…·∫∫π’È
‡√’¬°«à“ genotoxic [9, 10] ®÷ß¡’ß“π«‘®—¬‡ªìπ®”π«π¡“°‡°’Ë¬«°—∫°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√μà“ßÊ
·≈– “√∑’Ëμ°§â“ßÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡ √«¡∂÷ß§«“¡‡ªìπæ‘…¢ÕßÕπÿ¿“§π“‚π

°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√μà“ßÊ  “¡“√∂„™â¢âÕ¡Ÿ≈§«“¡√Ÿâ®“°À≈“°À≈“¬ “¢“«‘™“
‡´≈≈åæ—π∏ÿ»“ μ√å‡ªìπ “¢“«‘™“Àπ÷Ëß∑’Ëπ”¡“„™â„π°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√°àÕ¡–‡√Áß (carcinogen)
 “√°àÕ°“√°≈“¬æ—π∏ÿå (mutation) ·≈– genotoxin ́ ÷Ëß‡ªìπ “√∑’Ë àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß “√æ—π∏ÿ°√√¡
[11, 12] ‡π◊ËÕß®“°§«“¡√Ÿâ¥â“π‡´≈≈åæ—π∏ÿ»“ μ√å “¡“√∂„™â»÷°…“§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡¿“¬„π‡´≈≈å
À≈—ß®“°‡´≈≈å‰¥â√—∫°“√°√–μÿâπ®“° “√∑’Ë°≈à“«¡“¢â“ßμâπ ®÷ß “¡“√∂„™â‡æ◊ËÕμ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß
 “√‡§¡’ √«¡∂÷ß “√∑’Ëμ°§â“ßÕ¬Ÿà„π∏√√¡™“μ‘‰¥â [13]

 ”À√—∫ ‘Ëß¡’™’«‘μ∑’Ëπ”¡“„™â‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπæ‘…π—Èπ¡’Õ¬ŸàÀ≈“¬™π‘¥ ‡™àπ ®ÿ≈‘π∑√’¬å  “À√à“¬
 —μ«åπÈ” æ◊™ √«¡∂÷ß‡´≈≈å¢ÕßÀπŸ·Œ¡ ‡μÕ√å ·≈–‡´≈≈å¢Õß¡πÿ…¬å [14] ·μà ”À√—∫°“√μ√«® Õ∫§«“¡‡ªìπ
æ‘…¢Õß “√μà“ßÊ „π‡∫◊ÈÕßμâπ π‘¬¡„™âæ◊™‡ªìπμ—«Õ¬à“ß„π°“√∑¥ Õ∫ ‡π◊ËÕß®“°æ◊™ “¡“√∂ —¡º— °—∫ “√‰¥â
‚¥¬μ√ß ·≈–¡’§«“¡‰«„π°“√μ√«®æ∫§«“¡‡ªìπæ‘…μàÕ ‘Ëß¡’™’«‘μ„π√–¥—∫æ—π∏ÿ°√√¡ ‚¥¬æ◊™∑’Ëπ‘¬¡„™â¡’Õ¬Ÿà
¥â«¬°—πÀ≈“¬™π‘¥ ‡™àπ ÀÕ¡„À≠à (Allium cepa) ∂—Ë«ª“°Õâ“ (Vicia faba) ¢â“«‚æ¥ (Zea mays) ¬“ Ÿ∫
(Nicotiana tabacum) æ◊™„π °ÿ≈«à“π°“∫ÀÕ¬ (Tradescantia) [10] ·≈–‡π◊ËÕß®“°„π°“√„™âæ◊™‡ªìπ
μ—«Õ¬à“ß‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπæ‘…π—Èπ ¡—°»÷°…“®“°§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡ ‚¥¬„™â§«“¡√Ÿâ¥â“π‡´≈≈å
æ—π∏ÿ»“ μ√å ¥—ßπ—Èπæ◊™∑’Ë¡’‚§√‚¡‚´¡¢π“¥„À≠à ·≈–¡’®”π«π‚§√‚¡‚´¡πâÕ¬ ®÷ß‡ªìπμ—«‡≈◊Õ°∑’Ë¥’ ‡π◊ËÕß®“°
 “¡“√∂»÷°…“§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‰¥âßà“¬ ‚¥¬®“°μ—«Õ¬à“ßæ◊™∑’Ë°≈à“«¡“π—Èπ ÀÕ¡„À≠à‡ªìπæ◊™∑’Ë®—¥À“
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‰¥âßà“¬ ª≈Ÿ°ßà“¬ ¡’‚§√‚¡‚´¡¢π“¥„À≠à·≈–¡’®”π«ππâÕ¬ ®÷ß‡ªìπæ◊™∑’Ë¡’§«“¡‡À¡“– ¡·≈–‡ªìπ∑’Ëπ‘¬¡¡“°∑’Ë ÿ¥
„π°“√π”¡“„™â‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√μà“ßÊ [10, 11, 12]

∑’Ë¡“·≈–¢âÕ¥’¢Õß°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¥â«¬«‘∏’ Allium cepa test
„πªï §.». 1938 Levan [15] ‰¥âπ”ÀÕ¡„À≠à¡“∑¥ Õ∫¥â«¬ “√ colchicine ·≈â«»÷°…“

æƒμ‘°√√¡¢Õß‚§√‚¡‚´¡¢≥–∑’Ë‡°‘¥°“√·∫àß‡´≈≈å ´÷Ëß®“°º≈°“√∑¥≈Õß∑”„Àâ‡¢“Õ∏‘∫“¬‰¥â«à“ colchicine
 àßº≈°√–∑∫μàÕ°√–∫«π°“√·∫àß‡´≈≈å ‚¥¬‰ª¬—∫¬—Èß°“√ √â“ß mitotic spindle „π¢≥–∑’Ë‡°‘¥°“√·∫àß‡´≈≈å
·≈–®“°π—Èπ‡ªìπμâπ¡“‰¥â¡’°“√„™âÀÕ¡„À≠à‡æ◊ËÕ»÷°…“º≈°√–∑∫¢Õß “√‡§¡’μà“ßÊ μàÕæƒμ‘°√√¡¢Õß
‚§√‚¡‚´¡¢≥–∑’Ë‡°‘¥°“√·∫àß‡´≈≈å ‚¥¬„πªï §.». 1985 Fiskesjo [13] ‰¥âæ—≤π“«‘∏’°“√∑’Ë‡√’¬°«à“ Allium
cepa test ÷́Ëß‡ªìπ°“√„™âÀÕ¡„À≠à‡ªìπæ◊™μ—«Õ¬à“ß„π°“√μ√«® Õ∫§«“¡‡ªìπÕ—πμ√“¬μàÕ ‘Ëß·«¥≈âÕ¡
‚¥¬«‘∏’°“√π’È‡ªìπ°“√∑¥ Õ∫§«“¡‡ªìπæ‘…„π‡∫◊ÈÕßμâπ∑’Ë¡’¢âÕ¥’À≈“¬ª√–°“√ ‰¥â·°à ¡’§à“„™â®à“¬„π°“√
∑¥ Õ∫μË” «‘∏’°“√∑¥ Õ∫‰¡à¬ÿàß¬“°´—∫´âÕπ ¡’§«“¡‰«„π°“√μ√«®æ∫§«“¡‡ªìπæ‘… ‡π◊ËÕß®“°√“°ÀÕ¡ —¡º— 
°—∫ “√∑’Ë∑¥ Õ∫‰¥â‚¥¬μ√ß μ√«® Õ∫§«“¡‡ªìπæ‘…®“°§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‰¥âßà“¬ ‡π◊ËÕß®“°
‚§√‚¡‚´¡¡’¢π“¥„À≠à·≈–¡’®”π«ππâÕ¬ ·≈–∑’Ë ”§—≠º≈°“√∑¥ Õ∫∑’Ë‰¥â Õ¥§≈âÕß°—∫°“√∑¥ Õ∫¥â«¬«‘∏’
°“√Õ◊Ëπ ‰¡à«à“®–‡ªìπ°“√∑¥ Õ∫¥â«¬ ‘Ëß¡’™’«‘μÕ◊Ëπ À√◊Õ°“√∑¥ Õ∫¥â«¬‡´≈≈å¢Õß¡πÿ…¬å [10, 11, 12, 13,
14, 16, 17, 18]

À≈—°°“√·≈–«‘∏’°“√¢Õß Allium cepa test
°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¥â«¬«‘∏’ Allium cepa test ∑”‰¥â‚¥¬π”À—«ÀÕ¡„À≠à‰ª‡æ“–„π “√

∑’ËμâÕß°“√∑¥ Õ∫ ‡ªìπ‡«≈“ 24 48 72 À√◊Õ 96 ™—Ë«‚¡ß ‚¥¬„™âπÈ”‡ªìπ™ÿ¥§«∫§ÿ¡ ·≈â«»÷°…“º≈°√–∑∫
¢Õß “√∑¥ Õ∫μàÕ “√æ—π∏ÿ°√√¡ ®“°Õ—μ√“°“√‡®√‘≠¢Õß√“° ·≈–Õ—μ√“°“√·∫àß‡´≈≈å √«¡∂÷ß§«“¡º‘¥ª°μ‘
¢Õß‚§√‚¡‚´¡¢Õß‡´≈≈å®“°ª≈“¬√“°ÀÕ¡∑’Ë‡æ“–„π “√∑’ËμâÕß°“√∑¥ Õ∫ ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡
[12, 13, 16, 17, 18]

 ”À√—∫À—«ÀÕ¡„À≠à∑’Ë„™â„π°“√∑¥≈Õß  “¡“√∂„™âÀ—«ÀÕ¡„À≠à∑’ËÀ“´◊ÈÕ‰¥â‚¥¬∑—Ë«‰ª ·μàÀ—«ÀÕ¡
·μà≈–À—«∑’Ë‰¥â¡“®–¡’æ—π∏ÿ°√√¡∑’Ë·μ°μà“ß°—π ·≈–Õ“®¡’¢π“¥·≈–§«“¡ “¡“√∂„π°“√ßÕ°¢Õß√“°·μ°μà“ß°—π
√«¡∂÷ßÕ“®¡’°“√„™â “√ªÑÕß°—π‡™◊ÈÕ√“ ´÷Ëß®– àßº≈°√–∑∫μàÕº≈°“√∑¥≈Õß ¥—ßπ—Èπ®÷ß®”‡ªìπμâÕß§«∫§ÿ¡
ªí®®—¬μà“ßÊ ‡À≈à“π’È„Àâ¡’§«“¡„°≈â‡§’¬ß°—π¡“°∑’Ë ÿ¥ ‚¥¬°“√§—¥‡≈◊Õ°À—«ÀÕ¡∑’Ë¡’¢π“¥„°≈â‡§’¬ß°—π¡“°∑’Ë ÿ¥
 ”À√—∫∑ÿ°™ÿ¥°“√∑¥≈Õß ·≈–„™âÀ—«ÀÕ¡„π·μà≈–™ÿ¥°“√∑¥≈Õß®”π«π¡“°°«à“®”π«π∑’ËμâÕß°“√∑¥ Õ∫®√‘ß
‡™àπ „™âÀ—«ÀÕ¡ 12 À—« „π·μà≈–™ÿ¥°“√∑¥≈Õß ·μà‡°Á∫º≈°“√∑¥≈Õß‡æ’¬ß 10 À—« ‚¥¬‰¡à‡°Á∫º≈°“√
∑¥≈Õß®“°À—«ÀÕ¡ 2 À—«∑’Ë¡’°“√‡®√‘≠¢Õß√“°πâÕ¬∑’Ë ÿ¥ [16]  ”À√—∫®”π«πÀ—«ÀÕ¡∑’Ëπ‘¬¡„™â°—π„πªí®®ÿ∫—π
§◊Õ 10 À—«  ”À√—∫·μà≈–™ÿ¥°“√∑¥≈Õß‡æ◊ËÕ»÷°…“Õ—μ√“°“√‡®√‘≠¢Õß√“° ÷́Ëß®–™à«¬„Àâ°“√‡ª√’¬∫‡∑’¬∫
º≈°“√∑¥≈Õß¥â«¬«‘∏’°“√∑“ß ∂‘μ‘¡’¢âÕº‘¥æ≈“¥πâÕ¬∑’Ë ÿ¥ ·≈– 3-5 À—«  ”À√—∫·μà≈–™ÿ¥°“√∑¥≈Õß‡æ◊ËÕ
»÷°…“Õ—μ√“°“√·∫àß‡´≈≈å·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡ [16, 18] ‚¥¬À—«ÀÕ¡ 1 À—« „π·μà≈–™ÿ¥°“√
∑¥≈Õß “¡“√∂„™â»÷°…“‰¥â∑—ÈßÕ—μ√“°“√‡®√‘≠¢Õß√“° Õ—μ√“°“√·∫àß‡´≈≈å ·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡
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°“√‡≈◊Õ°§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â∑¥ Õ∫ ®–‡√‘Ë¡μâπ®“°§«“¡‡¢â¡¢âπ¢Õß “√®”π«π 5 √–¥—∫
§«“¡‡¢â¡¢âπ°àÕπ À“°º≈°“√∑¥≈Õß∑’Ë‰¥âæ∫«à“ “√∑’Ë„™â∑¥ Õ∫¡’§«“¡‡ªìπæ‘…∑’Ë àßº≈°√–∑∫μàÕ°“√‡®√‘≠
¢Õß√“°ÀÕ¡‰¡à™—¥‡®π Õ“®‡ªìπ‡æ√“–§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â∑¥ Õ∫¡’™à«ßÀà“ß√–À«à“ß√–¥—∫§«“¡‡¢â¡¢âπ
¡“°À√◊ÕπâÕ¬‡°‘π‰ª μâÕß∑”°“√∑¥≈Õß´È” ‚¥¬ª√—∫§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â∑¥ Õ∫„À¡à„Àâ¡’§«“¡‡¢â¡¢âπ
·≈–™à«ßÀà“ß√–À«à“ß√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡ ‚¥¬„™â¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß·√° Õ¬à“ß‰√°Áμ“¡„π°“√
μ√«® Õ∫º≈°“√∑¥≈Õß„Àâ™—¥‡®π«à“ “√∑’Ë„™â∑¥ Õ∫¡’§«“¡‡ªìπæ‘…∑’Ë àßº≈°√–∑∫μàÕ°“√‡®√‘≠¢Õß√“°ÀÕ¡
Õ“®μâÕß‡æ‘Ë¡™ÿ¥§«∫§ÿ¡∫«° (positive control) ‚¥¬„™â glyphosate À√◊Õ methylsulfonylmethane (MSM)
´÷Ëß‡ªìπ “√∑’Ë∑√“∫·πà™—¥«à“ àßº≈°√–∑∫μàÕ°“√‡®√‘≠¢Õß√“°ÀÕ¡ √«¡∂÷ß àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß
 “√æ—π∏ÿ°√√¡ [12, 16]

°“√‡æ“–√“°ÀÕ¡„π “√∑’ËμâÕß°“√∑¥ Õ∫  “¡“√∂π”À—«ÀÕ¡¡“·™à„π “√∑’Ë„™â∑¥ Õ∫‡ªìπ‡«≈“
48 À√◊Õ 72 ™—Ë«‚¡ß ‚¥¬„Àâ‡©æ“– à«π‚§π¢ÕßÀ—«ÀÕ¡‡∑à“π—Èπ∑’Ë —¡º— °—∫ “√∑’Ë„™â∑¥ Õ∫·≈–μâÕß‡ª≈’Ë¬π
 “√∑’Ë„™â∑¥ Õ∫∑ÿ° 24 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“∑’Ë°”Àπ¥ ®÷ß»÷°…“Õ—μ√“°“√‡®√‘≠¢Õß√“° Õ—μ√“°“√·∫àß‡´≈≈å
·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡ [9,13,16] Õ¬à“ß‰√°Áμ“¡À“°‡√‘Ë¡μâπ∑¥ Õ∫¥â«¬À—«ÀÕ¡∑’Ë¬—ß‰¡à¡’°“√
‡®√‘≠¢Õß√“° §«“¡ “¡“√∂„π°“√ßÕ°∑’Ë‰¡à‡∑à“°—π¢ÕßÀ—«ÀÕ¡·μà≈–À—« Õ“® àßº≈μàÕÕ—μ√“°“√‡®√‘≠¢Õß√“°
·≈â«∑”„Àâº≈°“√∑¥≈Õß∑’Ë‰¥â¡’§«“¡º‘¥æ≈“¥ ‡æ◊ËÕ‡ªìπ°“√≈¥§«“¡·ª√º—π¢Õßªí®®—¬¥—ß°≈à“«®÷ß¡’°“√ª√—∫
«‘∏’°“√∑¥≈Õß ‚¥¬°“√π”√“°ÀÕ¡‰ª‡æ“–„ππÈ”‡ªìπ‡«≈“ 1-2 «—π À√◊Õ®π°√–∑—Ëß√“°¡’§«“¡¬“«ª√–¡“≥
1-2 ‡´πμ‘‡¡μ√ ·≈â«®÷ß¬â“¬√“°ÀÕ¡‰ª·™à„π “√∑’Ë„™â∑¥ Õ∫‡ªìπ‡«≈“ 24 À√◊Õ 48 ™—Ë«‚¡ß ®“°π—Èπ®÷ß»÷°…“
Õ—μ√“°“√‡®√‘≠¢Õß√“° Õ—μ√“°“√·∫àß‡´≈≈å·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡ [11,12,18] °“√»÷°…“Õ—μ√“
°“√‡®√‘≠¢Õß√“°·≈–Õ—μ√“°“√·∫àß‡´≈≈å ‡ªìπ°“√»÷°…“§«“¡‡ªìπæ‘…„π√–¥—∫‡´≈≈å À√◊Õ cytotoxic  à«π
°“√»÷°…“§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‡ªìπ°“√»÷°…“§«“¡‡ªìπæ‘…„π√–¥—∫æ—π∏ÿ°√√¡ À√◊Õ genotoxic

°“√»÷°…“°“√‡®√‘≠¢Õß√“° ∑”‰¥â‚¥¬°“√«—¥§«“¡¬“«¢Õß√“°∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªÀ≈—ß®“°∑’Ë
π”√“°ÀÕ¡‰ª·™à„π “√∑’Ë„™â∑¥ Õ∫§√∫μ“¡°”Àπ¥‡«≈“∑’Ë„™â∑¥≈Õß (24 48 À√◊Õ 72 ™—Ë«‚¡ß) ·≈â«‡ª√’¬∫
‡∑’¬∫§«“¡¬“«¢Õß√“°∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª°—∫™ÿ¥§«∫§ÿ¡ (·™à√“°„ππÈ”) ‡æ◊ËÕ«‘‡§√“–Àåº≈°“√∑¥≈Õß«à“‡¡◊ËÕ
√“°ÀÕ¡‰¥â√—∫ “√∑’Ë„™â∑¥ Õ∫·≈â«  “√¥—ß°≈à“« àßº≈μàÕÕ—μ√“°“√‡®√‘≠¢Õß√“°À√◊Õ‰¡à ∑—Èßπ’ÈÕ“®»÷°…“Õ—μ√“
°“√‡®√‘≠¢Õß√“°„π√Ÿª¢Õß§à“ effective concentration (EC50) ´÷Ëß‡ªìπ§à“§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë∑”„Àâ√“°
ÀÕ¡¡’§«“¡¬“«≈¥≈ß§√÷ËßÀπ÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡ ‡æ◊ËÕ„Àâ “¡“√∂‡ª√’¬∫‡∑’¬∫Õ—μ√“°“√‡®√‘≠
¢Õß√“°¥â«¬«‘∏‘°“√∑“ß ∂‘μ‘‰¥âßà“¬¢÷Èπ [13, 16, 17, 18]

°“√»÷°…“Õ—μ√“°“√·∫àß‡´≈≈å·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡  “¡“√∂„™âμ—«Õ¬à“ß‡¥’¬«°—∫°“√
»÷°…“Õ—μ√“°“√‡®√‘≠¢Õß√“° ‚¥¬À≈—ß®“°«—¥§«“¡¬“«√“°·≈â« ‡°Á∫μ—«Õ¬à“ß√“°®“°™ÿ¥°“√∑¥≈Õßμà“ß Ê
√«¡∑—Èß™ÿ¥§«∫§ÿ¡≈ß„π “√≈–≈“¬ fixative (ª√–°Õ∫¥â«¬‡Õ∑“πÕ≈·≈–°√¥Õ–´‘μ‘°„πÕ—μ√“ à«π 3:1)
‡æ◊ËÕ»÷°…“°“√·∫àß‡´≈≈åμàÕ‰ª [9, 16] ‚¥¬°“√π”√“°∑’ËÕ¬Ÿà„π “√≈–≈“¬ fixative ¡“‡μ√’¬¡‚§√‚¡‚´¡‡æ◊ËÕ
»÷°…“°“√·∫àß‡´≈≈åμ“¡«‘∏’°“√¢Õß Sharma ·≈– Sharma [19] ¥—ßπ’È π”√“°®“° “√≈–≈“¬ fixative ‰ª
·™à„π “√≈–≈“¬ 1 N HCl ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 5-10 π“∑’ ®“°π—Èππ”√“°¡“«“ß∫π
 ‰≈¥å·≈â«μ—¥ª≈“¬√“°¬“«ª√–¡“≥ 2-3 ¡‘≈≈‘‡¡μ√ À¬¥ “√≈–≈“¬ 1% aceto orcein ≈ß∫π√“° „™â‡¢Á¡
‡¢’Ë¬∑”„Àâª≈“¬√“°·¬°ÕÕ°‡ªìπ™‘Èπ‡≈Á°Ê ·≈â«ª≈àÕ¬„Àâ√“°Õ¬Ÿà„π “√≈–≈“¬ 1% aceto orcein ‡ªìπ‡«≈“



SWU Sci. J. Vol. 31 No. 1 (2015)240

ª√–¡“≥ 5-10 π“∑’ ªî¥¥â«¬·ºàπ·°â«ªî¥ ‰≈¥å·≈–°¥‡∫“Ê ·≈â«π” ‰≈¥å‰ª»÷°…“¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå
‚¥¬°“√»÷°…“Õ—μ√“°“√·∫àß‡´≈≈å·≈–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡®“°ª≈“¬√“°ÀÕ¡¢Õß·μà≈–™ÿ¥°“√∑¥≈Õßπ—Èπ
®–»÷°…“®“°‡´≈≈å®”π«π 500-10,000 ‡´≈≈å ∑’Ë‰¥â®“°μ—«Õ¬à“ß√“° 3-5 √“° ¢ÕßÀ—«ÀÕ¡ 1 À—« ·≈–»÷°…“
®“°À—«ÀÕ¡ 1-5 À—« [9, 12, 18]

°“√»÷°…“Õ—μ√“°“√·∫àß‡´≈≈å ∑”‰¥â‚¥¬°“√ ÿà¡π—∫‡´≈≈å∫π ‰≈¥å„Àâ‰¥â®”π«π 500-10,000
‡´≈≈å ·≈–·¬°°≈ÿà¡¢Õß‡´≈≈å∑’Ëπ—∫‰¥â‡ªìπ 2 °≈ÿà¡ §◊Õ ‡´≈≈å∑’ËÕ¬Ÿà„π√–¬–Õ‘π‡∑Õ√å‡ø  ·≈–‡´≈≈å∑’ËÕ¬Ÿà„π
√–¬–¢Õß°“√·∫àßπ‘«‡§≈’¬ ·∫∫‰¡‚∑ ‘́  ´÷Ëßª√–°Õ∫¥â«¬√–¬–‚æ√‡ø  ‡¡∑“‡ø  ·Õπ“‡ø  ·≈–
‡∑‚≈‡ø  ®“°π—Èππ”®”π«π‡´≈≈å∑’Ëπ—∫‰¥â¡“§”π«≥À“§à“ mitotic index (MI) ‚¥¬°“√π”®”π«π‡´≈≈å∑’Ë
Õ¬Ÿà„π√–¬–°“√·∫àßπ‘«‡§≈’¬ ·∫∫‰¡‚∑´‘  À“√¥â«¬®”π«π‡´≈≈å∑—ÈßÀ¡¥∑’Ëπ—∫‰¥â¥—ßπ’È

mitotic index =
total number of cells in mitosis

Ó 100
total number of cells observed

®“°π—Èπ„™â«‘∏’°“√∑“ß ∂‘μ‘‡ª√’¬∫‡∑’¬∫§à“ mitotic index ∑’Ë‰¥â®“°·μà≈–™ÿ¥°“√∑¥≈Õß√«¡∑—Èß™ÿ¥§«∫§ÿ¡°Á®–
∑”„Àâ∑√“∫«à“ “√∑’Ë„™â∑¥ Õ∫ àßº≈°√–∑∫μàÕÕ—μ√“°“√·∫àß‡´≈≈åÀ√◊Õ‰¡à À“°§à“ mitotic index ¢Õß™ÿ¥
∑¥≈Õß Ÿß°«à“™ÿ¥§«∫§ÿ¡ · ¥ß«à“ “√∑’Ë„™â∑¥ Õ∫‰ª°√–μÿâπ°“√·∫àß‡´≈≈å ·μàÀ“°§à“ mitotic index
¢Õß™ÿ¥∑¥≈ÕßμË”°«à“™ÿ¥§«∫§ÿ¡ · ¥ß«à“ “√∑’Ë„™â∑¥ Õ∫‰ª¬—∫¬—Èß°“√·∫àß‡´≈≈å πÕ°®“°π’ÈÕ“®æ∫§«“¡
º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡¢Õß‡´≈≈å ´÷Ëß “¡“√∂‡ª√’¬∫‡∑’¬∫®”π«π‡´≈≈å∑’Ë¡’§«“¡º‘¥ª°μ‘¢Õß·μà≈–™ÿ¥
°“√∑¥≈Õß¥â«¬°“√§”π«≥§à“ abnormality index ‚¥¬°“√π”®”π«π‡´≈≈å∑’Ëæ∫§«“¡º‘¥ª°μ‘ À“√¥â«¬
®”π«π‡´≈≈å∑—ÈßÀ¡¥∑’Ëπ—∫‰¥â¥—ßπ’È

abnormality index =
total number of abnormal cells

Ó 100
total number of cells observed

®“°π—Èπ„™â«‘∏’°“√∑“ß ∂‘μ‘‡ª√’¬∫‡∑’¬∫§à“ abnormality index ∑’Ë‰¥â®“°·μà≈–™ÿ¥°“√∑¥≈Õß°Á®–∑”„Àâ∑√“∫
«à“ “√∑’Ë„™â∑¥ Õ∫ àßº≈°√–∑∫μàÕÕ—μ√“°“√‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡À√◊Õ‰¡à À“°§à“ abnormality
index ¢Õß™ÿ¥∑¥≈Õß Ÿß°«à“™ÿ¥§«∫§ÿ¡ · ¥ß«à“ “√∑’Ë „™â∑¥ Õ∫¡’º≈μàÕ°“√‡°‘¥§«“¡º‘¥ª°μ‘¢Õß
‚§√‚¡‚´¡ ÷́Ëß§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫¡’‰¥âÀ≈“¬·∫∫ ‡™àπ chromosome bridge, laggard
chromosome, chromosome fragment ·≈– micronucleus ‡ªìπμâπ ‚¥¬§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ë
·μ°μà“ß°—π‡À≈à“π’È Õ“®™à«¬Õ∏‘∫“¬∂÷ß°≈‰°¢Õß “√∑’Ë„™â∑¥ Õ∫‰ª∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‰¥â
[9, 10, 12, 17, 18]
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√Ÿª·∫∫§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫®“°°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¥â«¬«‘∏’ Allium
cepa test

‡´≈≈å∑’Ë¡’‚§√‚¡‚´¡º‘¥ª°μ‘ §◊Õ ‡´≈≈å∑’Ë‚§√‚¡‚´¡¡’‚§√ß √â“ß‡ª≈’Ë¬π·ª≈ß‰ª®“°‡¥‘¡ À√◊Õ
‡´≈≈å∑’Ë¡’®”π«π‚§√‚¡‚´¡·μ°μà“ß‰ª®“°‡¥‘¡ ‚¥¬§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡Õ“®‡°‘¥¢÷Èπ‡Õß‚¥¬∏√√¡™“μ‘
´÷Ëß‡°‘¥¢÷Èπ‰¥â„πÕ—μ√“∑’ËπâÕ¬¡“° À√◊ÕÕ“®‡°‘¥®“°°“√∂Ÿ°°√–μÿâπ¥â«¬ “√‡§¡’À√◊Õªí®®—¬·«¥≈âÕ¡ ´÷Ëß°“√
°√–μÿâπ¥—ß°≈à“«Õ“® àßº≈„Àâ‡°‘¥°“√¢“¥¢Õß¥’‡ÕÁπ‡Õ À√◊Õ°“√¬—∫¬—Èß°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ  àßº≈„Àâ‡°‘¥
§«“¡º‘¥ª°μ‘°—∫‚§√ß √â“ß¢Õß‚§√‚¡‚´¡ πÕ°®“°π’È¬—ß°√–μÿâπ„Àâ‡°‘¥°“√·¬°°—πÕ¬à“ßº‘¥ª°μ‘¢Õß
‚§√‚¡‚´¡  àßº≈„Àâ‡´≈≈å¡’®”π«π‚§√‚¡‚´¡∑’Ëº‘¥ª°μ‘  ”À√—∫°“√»÷°…“§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡¢Õß
‡´≈≈å®“°ª≈“¬√“°ÀÕ¡∑’Ë‰¥â®“°°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¥â«¬«‘∏’ Allium cepa test π—Èπ ‡√‘Ë¡π”¡“„™â‚¥¬
Fiskesjo [13] ´÷Ëß®–æ∫§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‰¥â„π√–¬–μà“ßÊ ¢Õß°“√·∫àßπ‘«‡§≈’¬  ‚¥¬ “√∑’Ë
∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡ §◊Õ clastogen ·≈– aneugen  ”À√—∫
clastogen ‡ªìπ “√∑’Ë∑”„Àâ‡°‘¥°“√¢“¥¢Õß‚§√‚¡‚´¡ ÷́Ëß àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°μ‘·∫∫μà“ßÊ ∑’Ë®–π”‰ª Ÿà
°“√‡°‘¥§«“¡º‘¥ª°μ‘ °—∫‚§√ß √â“ß¢Õß‚§√‚¡‚´¡ ‡™àπ chromosome bridges ·≈– chromosome breaks
 à«π aneugen ‡ªìπ “√∑’Ë°àÕ„Àâ‡°‘¥º≈°√–∑∫°—∫°√–∫«π°“√·∫àß‡´≈≈å √«¡∂÷ß∑”„Àâ‡°‘¥°“√∑”ß“πº‘¥æ≈“¥
¢Õß spindle fiber ÷́Ëß àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫μà“ßÊ ∑’Ë®–π”‰ª Ÿà°“√‡°‘¥§«“¡º‘¥ª°μ‘
¢Õß®”π«π‚§√‚¡‚´¡ ‡™àπ c-metaphase, stickiness ·≈– laggards chromosome [10, 13, 20]

 ”À√—∫≈—°…≥–§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫‰¥â®“°°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√¥â«¬
«‘∏’ Allium cepa test ¡’¥—ßπ’È (√Ÿª∑’Ë 1)

1. chromosome bridges ‡ªìπ§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫‰¥â„π√–¬–·Õπ“‡ø  ‚¥¬¡’
≈—°…≥–¢Õß‚§√‚¡‚´¡∑’Ë‡™◊ËÕ¡Õ¬Ÿà√–À«à“ß¢—È«‡´≈≈å∑—Èß Õß§≈â“¬ –æ“π ÷́Ëß‡°‘¥®“°‚§√‚¡‚´¡∑’Ë¡’‚§√ß √â“ß
‡ªìπ dicentric §◊Õ¡’‡´π‚∑√‡¡’¬√åÕ¬Ÿà 2 μ”·Àπàß„π 1 ‚§√‚¡‚´¡ §«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫π’È ‡°‘¥
¢÷Èπ‰¥â®“°°“√¢“¥¢Õß‚§√‚¡‚´¡ ·≈â« àßº≈„Àâ‡°‘¥ unequal translocation À√◊Õ inversion [13, 18,
20, 21, 22, 23]

2. chromosome fragments À√◊Õ acentric fragments ‡ªìπ§«“¡º‘¥ª°μ‘∑’Ëæ∫«à“
‚§√‚¡‚´¡‰¡à¡’‡´π‚∑√‡¡’¬√å ´÷Ëß‡°‘¥¢÷Èπ®“°°“√¢“¥¢Õß‚§√‚¡‚´¡ [13, 22]

3. lagging chromosome À√◊Õ laggards ‡ªìπ§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫‰¥â„π√–¬–
‡¡∑“‡ø ·≈–·Õπ“‡ø  ‚¥¬¡’≈—°…≥–‡ªìπ‚§√‚¡‚´¡∑’Ë·¬°ÕÕ°®“°°≈ÿà¡¢Õß‚§√‚¡‚´¡Õ◊Ëπ„ππ‘«‡§≈’¬ 
‡°‘¥¢÷Èπ®“°°“√‰¡à‡§≈◊ËÕπ∑’Ë¢Õß‚§√‚¡‚´¡ ‡π◊ËÕß®“°‰¡à¡’ spindle fiber ¡“®—∫∑’Ë‚§√‚¡‚´¡¥—ß°≈à“« [20, 21, 23]

4. stickiness ‡ªìπ§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ë¡’≈—°…≥–°“√‡°“–μ‘¥°—π¢Õß‚§√‚¡‚´¡ ‡ªìπ
º≈®“°§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ë‡°‘¥¢÷Èπ„π¢≥–∑’Ë‡°‘¥°“√¢¥μ—«¢Õß¥’‡ÕÁπ‡Õ ‚¥¬Õ“®‡°‘¥®“°¥’‡ÕÁπ‡Õ∑’Ë
‡ªìπÕß§åª√–°Õ∫¢Õß‚§√‚¡‚´¡∂Ÿ°∑”≈“¬ ·≈–Õ“®π”‰ª Ÿà°“√μ“¬¢Õß‡´≈≈å„π∑’Ë ÿ¥ §«“¡º‘¥ª°μ‘¢Õß
‚§√‚¡‚´¡·∫∫π’È· ¥ß„Àâ‡ÀÁπ«à“ “√∑’Ë„™â∑¥ Õ∫¡’§«“¡‡ªìπæ‘…„π√–¥—∫ Ÿß [13, 20, 22, 23]

5. c-mitosis ‡√‘Ë¡„™â§√—Èß·√°‚¥¬ Levan „πªï §.». 1938 [15] ‚¥¬„™â‡æ◊ËÕÕ∏‘∫“¬«à“
colchicine ®–¬—∫¬—Èß°“√ √â“ß spindle fiber §«“¡º‘¥ª°μ‘·∫∫π’È¡—°æ∫„π√–¬–‡¡∑“‡ø  ‚¥¬‚§√‚¡‚´¡
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‰¡à¡’∑‘»∑“ßÀ√◊Õμ”·Àπàß∑’Ë·πàπÕπ„π‡´≈≈å ‡π◊ËÕß®“°‰¡à¡’ spindle fiber ¡“®—∫ ∑”„Àâ‡ÀÁπ‚§√‚¡‚´¡°√–®“¬
μ—« §«“¡º‘¥ª°μ‘·∫∫π’È‡ªìπ§«“¡º‘¥ª°μ‘∑’Ë‰¡à√ÿπ·√ß ·μàÕ“®π”‰ª Ÿà°“√‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡
·∫∫Õ◊Ëπ [7, 9, 15, 20, 23]

6. micronucleus ‡ªìπ§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ë¡—°æ∫„π√–¬–Õ‘π‡∑Õ√å‡ø ·≈–‚æ√‡ø 
‚¥¬¡’≈—°…≥–‡ªìππ‘«‡§≈’¬ ¢π“¥‡≈Á°∑’Ë·¬°ÕÕ°®“°π‘«‡§≈’¬ ¢π“¥„À≠à ´÷ËßÕ“®‡°‘¥®“° lagging
chromosome À√◊Õ°“√¢“¥¢Õß chromosome bridges ∑’Ë∑”„Àâ‡°‘¥‡ªìπ chromosome fragments ‡¡◊ËÕ
‡´≈≈å‡¢â“ Ÿà√–¬–‡∑‚≈‡ø  lagging chromosome ·≈– chromosome fragments ‰¡à “¡“√∂‡¢â“‰ª√«¡Õ¬Ÿà
„ππ‘«‡§≈’¬ ¢Õß‡´≈≈å≈Ÿ°‰¥â ‡π◊ËÕß®“°‰¡à∂Ÿ°®—∫¥â«¬ spindle fiber ®÷ß∑”„Àâ‡°‘¥‡ªìππ‘«‡§≈’¬ ¢π“¥‡≈Á°„π
‡´≈≈å≈Ÿ° [18, 20, 21, 22, 23]

√Ÿª∑’Ë 1 §«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫μà“ßÊ ‰¥â·°à (°) chromosome bridges (¢) laggards (§) c-mitosis
·≈– (ß) micronucleus
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μ—«Õ¬à“ß°“√π” Allium cepa test ‰ª„™âª√–‚¬™πå
«‘∏’ Allium cepa test ‡ªìπ°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√μà“ßÊ ∑’Ë àßº≈°√–∑∫μàÕ§«“¡

º‘¥ª°μ‘¢Õß “√æ—π∏ÿ°√√¡ ´÷Ëß‡ªìπ«‘∏’°“√μ√«® Õ∫„π‡∫◊ÈÕßμâπ∑’Ë‰¡à¡’§«“¡´—∫´âÕπ §à“„™â®à“¬μË” √«¡∂÷ß¢âÕ¥’
Õ◊ËπÊ ®÷ß¡’°“√π”«‘∏’°“√π’È‰ª„™âª√–‚¬™πå„π¥â“πμà“ßÊ ¡“°¡“¬ ¥—ßμ—«Õ¬à“ßμàÕ‰ªπ’È

°“√μ√«® Õ∫°“√ªπ‡ªóôÕπ¢Õß “√æ‘…„π ‘Ëß·«¥≈âÕ¡ ∑—Èß°“√ªπ‡ªóôÕπ¢ÕßπÈ”‡ ’¬®“°‚√ßß“π
Õÿμ “À°√√¡„π·À≈àßπÈ” °“√ªπ‡ªóôÕπ¢Õß “√æ‘…„ππÈ”∑‘Èß®“°·À≈àß™ÿ¡™π·≈–‚√ßß“πÕÿμ “À°√√¡ °“√
ªπ‡ªóôÕπ¢Õß‡∂â“∂à“π„πÕ“°“»∑’Ë‡°‘¥®“°°“√‡º“‰À¡â¢Õß∂à“πÀ‘π ´÷Ëß®“°°“√»÷°…“„πÀ≈“¬√“¬ß“πæ∫
«à“ “√∑’Ëªπ‡ªóôÕπ„π ‘Ëß·«¥≈âÕ¡¡’º≈¬—∫¬—Èß°“√‡®√‘≠¢Õß√“°ÀÕ¡ ¬—∫¬—Èß°“√·∫àß‡´≈≈å √«¡∂÷ß∑”„Àâ‡°‘¥§«“¡
º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫μà“ßÊ ‰¥â·°à chromosome bridges, chromosome breaks, chromosome
fragments, lagging chromosome, c-mitosis, stickiness ·≈– micronucleus [21, 22, 24, 25, 26]

°“√μ√«® Õ∫§«“¡‡ªìπæ‘…¢Õß “√°”®—¥»—μ√Ÿæ◊™ ‰¥â·°à  “√°”®—¥·¡≈ß  “√°”®—¥‡™◊ÈÕ√“ ·≈–
 “√°”®—¥«—™æ◊™ ‡™àπ alachlor, benlate, flusilazole, illoxan, dichlorophen, dichlorovos, ethion,
cypermethrin, fenvalerate, monocrotophos, phosalone, oxydementonmethyl, chlorpyrifos,
alpha-thrin, efekto virikop ·≈– springbok ‡ªìπμâπ æ∫«à“ “√∑—ÈßÀ¡¥∑’Ë∑”°“√∑¥ Õ∫¡’º≈¬—∫¬—Èß°“√
·∫àß‡´≈≈å¢Õßª≈“¬√“°ÀÕ¡ ·≈–∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫μà“ßÊ μàÕ‰ªπ’È chromosome
bridges, chromosome breaks, lagging chromosome, stickiness, c-metaphase, multipolar anaphase,
ring chromosome, ·≈– micronucleus [27, 28, 29, 30, 31, 32, 33, 34] πÕ°®“°°“√∑¥ Õ∫§«“¡‡ªìπ
æ‘…¢Õß “√°”®—¥»—μ√Ÿæ◊™‚¥¬μ√ß·≈â« ¬—ß¡’°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√°”®—¥»—μ√Ÿæ◊™∑’Ëμ°§â“ßÕ¬Ÿà„πº—°
·≈–º≈‰¡â∑’Ë«“ß¢“¬„πμ≈“¥ æ∫«à“ “√°”®—¥»—μ√Ÿæ◊™∑’Ëμ°§â“ß∑’Ë °—¥‰¥â®“°º—°·≈–º≈‰¡â¡’º≈∑”„Àâæ∫§«“¡
º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫ micronucleus ¡“°¢÷Èπ [4]

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√ °—¥®“°æ◊™´÷Ëß„™â‡ªìπæ◊™ ¡ÿπ‰æ√ ‡™àπ Campomanesia
xanthocarpa ´÷Ëß‡ªìπæ◊™ ¡ÿπ‰æ√„π∫√“ ‘́≈ ∑’Ë„™â√—°…“Õ“°“√∑âÕß‡ ’¬·≈–Õ“°“√μ‘¥‡™◊ÈÕ„π°√–‡æ“–Õ“À“√
‡¡◊ËÕπ” “√ °—¥¥—ß°≈à“«¡“∑¥ Õ∫ æ∫«à“¡’º≈¬—∫¬—Èß°“√·∫àß‡´≈≈å¢Õß√“°ÀÕ¡ √«¡∂÷ß∑”„Àâ‡°‘¥§«“¡º‘¥
ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫ chromosome bridges, chromosome breaks ·≈– c-mitosis [35] Forskolin
´÷Ëß‡ªìπ “√ °—¥®“° Coleus forskohlii ∑’Ë„™â‡ªìπæ◊™ ¡ÿπ‰æ√„πª√–‡∑»Õ‘π‡¥’¬ ‡æ◊ËÕ√—°…“Õ“°“√‡°’Ë¬«°—∫
§«“¡¥—π‚≈À‘μ ‡¡◊ËÕπ” “√ °—¥¥—ß°≈à“«¡“∑¥ Õ∫ æ∫«à“¡’º≈¬—∫¬—Èß°“√·∫àß‡´≈≈å·≈– àßº≈„Àâ‡°‘¥§«“¡
º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡¡“°¢÷Èπ ‚¥¬æ∫§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡·∫∫ chromosome bridges,
chromosome breaks, chromosome fragments, lagging chromosome, stickiness, c-mitosis ·≈–
micronucleus [36]

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢ÕßÕπÿ¿“§π“‚π ‰¥â·°à chitosan-coated silver nanoparticles,
copper nanoparticles ·≈– zinc nanoparticles æ∫«à“ copper nanoparticles ·≈– zinc nanoparticles
¡’º≈¬—∫¬—Èß°“√·∫àß‡´≈≈å¢Õß√“°ÀÕ¡  à«π chitosan-coated silver nanoparticles ∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß¡’
º≈°√–μÿâπ°“√·∫àß‡´≈≈å¢Õß√“°ÀÕ¡ πÕ°®“°π’ÈÕπÿ¿“§π“‚π¢â“ßμâπ∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß¬—ß àßº≈„Àâ‡°‘¥§«“¡
º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡‡æ‘Ë¡¢÷Èπ¥â«¬ ‚¥¬§«“¡º‘¥ª°μ‘¢Õß‚§√‚¡‚´¡∑’Ëæ∫§◊Õ chromosome bridges,
lagging chromosome, c-mitosis, stickiness ·≈– micronucleus [6, 7, 8]
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 √ÿª
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