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¡–‡√Áß∑àÕπÈ”¥’‡ªìπ¡–‡√Áß∑’Ë¡’Õÿ∫—µ‘°“√≥å Ÿß„πª√–‡∑»‰∑¬
‚¥¬‡©æ“–„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ „π¢≥–‡¥’¬«°—π„π
¿Ÿ¡‘¿“§π’È°Á¡’°“√√–∫“¥¢Õßæ¬“∏‘„∫‰¡âµ—∫ (O. viverrini)  Ÿß
‡™àπ‡¥’¬«°—π Õÿ∫—µ‘°“√≥å¢Õß¡–‡√Áßµ—∫·≈–¡–‡√Áß∑àÕπÈ”¥’„π
ª√–™“°√„π¿Ÿ¡‘¿“§π’È‚¥¬‡©æ“–®—ßÀ«—¥¢Õπ·°àπ¡’¡“°∂÷ß 39.0
·≈– 97.8 §π µàÕ ª√–™“°√ 100,000 §π „πºŸâÀ≠‘ß·≈–
ºŸâ™“¬µ“¡≈”¥—∫1 „π¢≥–∑’ËÕÿ∫—µ‘°“√≥å¢Õß¡–‡√Áß™π‘¥π’È„π
ª√–‡∑»µ–«—πµ°¡’‡æ’¬ß 0.5-2 §π µàÕª√–™“°√ 100,000 §π2

§«“¡·µ°µà“ß√–À«à“ßÕÿ∫—µ‘°“√≥å¡–‡√Áß™π‘¥µà“ßÊ „π‚≈°π’È
¡’ªí®®—¬À≈“¬Õ¬à“ß ‡™àπ  ‘Ëß·«¥≈âÕ¡ ‡ºà“æ—π∏ÿå ·≈–ªí®®—¬
‡ ’Ë¬ßµàÕ¡–‡√Áß ‡ªìπµâπ   ”À√—∫„πª√–‡∑»‰∑¬®“°À≈—°∞“π
∑—Èß∑“ß√–∫“¥«‘∑¬“·≈–°“√»÷°…“„π —µ«å∑¥≈Õß π—∫ πÿπ
°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫  ·≈–°“√‰¥â√—∫ “√°àÕ¡–‡√Áß
‚¥¬‡©æ“–°≈ÿà¡ N-nitroso compounds ∑—Èß„πÕ“À“√·≈–
nitrosamine ·≈– reactive O

2
 free radical ∑’Ë‡°‘¥®“°°“√

Õ—°‡ ∫®“°°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫πà“®–‡ªìπ “‡Àµÿ∑’Ë
 ”§—≠„π°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’3,4  Õ¬à“ß‰√°Áµ“¡¡–‡√Áß∑àÕπÈ”¥’
°ÁÕ“®‡°‘¥‰¥â®“°À≈“¬ “‡Àµÿ  ¥—ßπ—Èπ„π∫∑§«“¡π’È®÷ß®–‰¥â
°≈à“«∂÷ß§«“¡‡ªìπ¡“·≈– “‡Àµÿ¢Õß¡–‡√Áß∑àÕπÈ”¥’„π¿“æ√«¡
·≈–°“√»÷°…“∂÷ß§«“¡ —¡æ—π∏å√–À«à“ß°“√µ‘¥‡™◊ÈÕæ¬“∏‘
„∫‰¡âµ—∫∑—Èß„πºŸâªÉ«¬·≈–„π —µ«å∑¥≈Õß‚¥¬¬àÕ ‡æ◊ËÕπ”‰ª Ÿà
°“√»÷°…“ªí®®—¬·≈–°≈‰°°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’∑’Ë¡’§«“¡
 —¡æ—π∏å°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫„π√“¬≈–‡Õ’¬¥ µàÕ‰ª

 “‡Àµÿ

¡–‡√Áß∑àÕπÈ”¥’‡ªìπ¡–‡√Áß∑’Ëæ∫∑—Ë«‚≈°ª√–¡“≥ 10-15
‡ªÕ√å‡´Áπµå¢Õß¡–‡√Áßµ—∫∑—ÈßÀ¡¥  “‡Àµÿ à«π„À≠à¬—ß‰¡à∑√“∫
·πà™—¥·µàªí®®—¬‡ ’Ë¬ß∑’Ëπ”‰ª Ÿà¡–‡√Áß™π‘¥π’È¡’¥â«¬°—πÀ≈“¬Õ¬à“ß
¥—ß· ¥ß„πµ“√“ß ∑’Ë 1

µ“√“ß∑’Ë 1  ªí®®—¬‡ ’Ë¬ß∑’Ë¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥‚√§¡–‡√Áß∑àÕπÈ”¥’

Strongly associated Possibly associated

Caroliûs disease Asbestos
Choledocal cyst Isoniazid
Liver fluke infection Methyldopa
Gallstones & hepatolithiasis Oral contraceptive
Sclerosing cholangitis Polychlorinated biphenyls
Thorotrast
Ulcerative colitis
¥—¥·ª≈ß®“° Yeo et al. 5
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®“°µ“√“ß∑’Ë 1 ®–æ∫«à“ªí®®—¬µà“ßÊ ‡À≈à“π’È¡’°≈‰°
æ¬“∏‘«‘∑¬“§≈â“¬°—π 2 °≈ÿà¡„À≠àÊ §◊Õ °“√Õ—°‡ ∫‡√◊ÈÕ√—ß
(chronic inflammation) ·≈– °“√∫“¥‡®Á∫‡√◊ÈÕ√—ß¢Õß‡¬◊ËÕ∫ÿº‘«∑àÕ
∑“ß‡¥‘ππÈ”¥’ (chronic injury)  Primary sclerosing cholangitis
‡ªìπ‚√§∑’Ëæ∫‰¡à∫àÕ¬π—° ‚√§π’È¡’°“√µ’∫·§∫ (stricture) ·≈–
Àπ“µ—« (fibrosis) ¢Õß∑àÕπÈ”¥’æ√âÕ¡ Ê °—∫¡’°“√Õ—°‡ ∫√Õ∫∑àÕ
·≈–‚√§π’È¡—°¡’§«“¡ —¡æ—π∏å°—∫‚√§·º≈Õ—°‡ ∫¢Õß≈”‰ â„À≠à
‡√◊ÈÕ√—ß (ulcerative colitis)  ºŸâªÉ«¬‚√§ Primary sclerosing
cholangitis ª√–¡“≥ 10-20 ‡ªÕ√å‡´Áπµå¡’‚Õ°“ ‡ ’Ë¬ß∑’Ë®–‡ªìπ
‚√§¡–‡√Áß∑àÕπÈ”¥’„πÕπ“§µ6  à«πÕÿ∫—µ‘°“√≥å¡–‡√Áß∑àÕπÈ”¥’„π
ºŸâªÉ«¬ ulcerative colitis æ∫‰¥âª√–¡“≥ 0.4-1.4 ‡ªÕ√å‡´Áπµå5

ºŸâªÉ«¬∑—Èß Õß‚√§π’È¡—°æ∫„π™à«ßÕ“¬ÿ 40-45 ªï ´÷Ëß‡ªìπ™à«ßÕ“¬ÿ
∑’Ë‡√Á«°«à“ª°µ‘ª√–¡“≥ 20 ªï  ¥—ßπ—Èπ„πª√–‡∑»µ–«—πµ°®÷ß
∂◊Õ«à“ sclerosing cholangitis ‡ªìπ√Õ¬‚√§‡√‘Ë¡µâπ¢Õß¡–‡√Áß
∑àÕπÈ”¥’ ·≈–§«√®–¡’°“√‡ΩÑ“√–«—ß À√◊Õµ‘¥µ“¡ºŸâªÉ«¬ ¡Ë”‡ ¡Õ
 à«π‚√§„π°≈ÿà¡∑’Ë¡’§«“¡º‘¥ª°µ‘¢Õß°“√æ—≤π“°“√¢Õß∑àÕ
πÈ”¥’∑”„Àâ¡’°“√¢¬“¬µ—«‡ªìπ∂ÿßπÈ” (cyst)  §◊Õ  choledocal cyst
·≈– Caroliûs disease ¡’§«“¡‡ ’Ë¬ß∑’Ë®–‡ªìπ¡–‡√Áß∑àÕπÈ”¥’ Ÿß
‡™àπ°—π °≈à“«§◊Õ ºŸâªÉ«¬∑’Ëµ√«®æ∫Õ“°“√¢Õß‚√§π’È°àÕπÕ“¬ÿ  10
¢«∫ ¡’‚Õ°“ ‡ ’Ë¬ß‡ªìπ¡–‡√Áß∑àÕπÈ”¥’ 0.7 ‡ªÕ√å‡´Áπµå ·µà∂â“
ºŸâªÉ«¬¡’Õ“°“√¢Õß‚√§„π™à«ßÕ“¬ÿ  10-20  ªï À√◊Õ¡“°°«à“  20
ªï æ∫«à“¡’‚Õ°“ ‡ ’Ë¬ß‡ªìπ¡–‡√Áß™π‘¥π’È Ÿß∂÷ß  6.8  ‡ªÕ√å‡´Áπµå
·≈– 14.3 ‡ªÕ√å‡´Áπµå µ“¡≈”¥—∫ °≈‰°°“√‡°‘¥‚√§π’È°Á‡™◊ËÕ«à“
‡°‘¥®“°°“√Õ—°‡ ∫‡√◊ÈÕ√—ß‡™àπ°—ππÕ°‡Àπ◊Õ®“° “‡Àµÿ bile
stasis, stone formation ·≈– pancreatic exocrine secretion
reflux5

 ”À√—∫ Thorotrast ‡ªìπ “√√—ß ’∑’Ë„™â„π¥â“π√—ß ’«‘∑¬“„π
√Ÿª¢Õß thorium dioxide ´÷Ëß®–„Àâæ≈—ßß“π„π√Ÿª alpha particle
‡√‘Ë¡„™âß“πµ—Èß·µàªï æ.».2471 (§.». 1928) ‡¡◊ËÕ©’¥ “√π’È‡¢â“‰ª
¡—π®–Õ¬Ÿà„π√–∫∫  reticuloendothelial system ‚¥¬‡©æ“–„π
µ—∫·≈–√Õ∫ Ê ∑àÕπÈ”¥’°«à“ 70 ‡ªÕ√å‡´Áπµå¢Õß dose ∑’Ë„Àâ
·≈– “¡“√∂Õ¬Ÿà„π√à“ß°“¬§π‡√“µ≈Õ¥™’«‘µ ·≈–¡’Õ“¬ÿ§√÷Ëß™’«‘µ
(half life) π“π∂÷ß 200-400 ªï 5   ºŸâªÉ«¬∑’Ë‰¥â√—∫ “√π’È¡’‚Õ°“ 
‡ªìπ¡–‡√Áßµ—∫·≈–∑àÕπÈ”¥’‰¥â Ÿß°«à“§πª°µ‘∑’Ë‰¡à‰¥â√—∫ “√π’È
¡“°°«à“ 10  ‡∑à“ À≈—ß®“°∑’Ë —¡º— ª√–¡“≥ 20-35 ªï  ªí®®ÿ∫—π
Thorotrast ‰¥â∂Ÿ°¬°‡≈‘°°“√„™âß“π‰ª·≈â«  °≈‰°°“√‡°‘¥

¡–‡√Áß‡™◊ËÕ«à“‡°‘¥®“°°“√∑”≈“¬‡¬◊ËÕ∫ÿº‘«∑àÕπÈ”¥’‡√◊ÈÕ√—ß  „π
≈—°…≥–§≈â“¬Ê °—π π‘Ë«„πµ—∫ (hepatolithiasis) ´÷Ëßæ∫∫àÕ¬„π
§π≠’ËªÿÉπ°Á¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’√à«¡°—∫¡’
°“√Õ—°‡ ∫  à«ππ‘Ë«„π∂ÿßπÈ”¥’¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥
¡–‡√Áß∂ÿßπÈ”¥’¡“°°«à“¡–‡√Áß∑àÕπÈ”¥’ 5

§«“¡ —¡æ—π∏å√–À«à“ß°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ ·≈– ¡–
‡√Áß∑àÕπÈ”¥’  ¡’√“¬ß“π„πºŸâªÉ«¬„π´’°‚≈°µ–«—πÕÕ°¡“°«à“
»µ«√√… „πªï §.». 1900 Katsurada ‡ªìπºŸâ√“¬ß“π§√—Èß·√°∂÷ß
¡–‡√Áß∑àÕπÈ”¥’∑’Ë‡°‘¥√à«¡°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫™π‘¥
Clonorchis sinensis ·≈–À≈—ß®“°π—Èπ°Á¡’√“¬ß“πÕ’°¡“° ‚¥¬
‡©æ“–√“¬ß“π¢Õß Hou7 ´÷Ëß∂◊Õ‡ªìπ√“¬ß“π™ÿ¥·√°∑’Ë¡’¢âÕ¡Ÿ≈
 ¡∫Ÿ√≥å  „π√“¬ß“π™ÿ¥µàÕ¡“ Gibson and Sun8 √“¬ß“π°“√
µ√«®»æ®”π«π  1,484  √“¬„πŒàÕß°ßæ∫¡’æ¬“∏‘ C. sinensis
29  ‡ªÕ√å‡´Áπµå „πºŸâªÉ«¬¡–‡√Áß‡´≈≈åµ—∫ (hepatoma) ®”π«π
89  √“¬ ·≈–æ∫æ¬“∏‘π’È„πºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’®”π«π  17  √“¬
 Ÿß∂÷ß  65  ‡ªÕ√å‡´Áπµå   ”À√—∫æ¬“∏‘„∫‰¡âµ—∫™π‘¥ O. viverrini
´÷Ëß¡’·À≈àß√–∫“¥„À≠à„πª√–‡∑»‰∑¬ ·≈–≈“« °Á¡’√“¬ß“π
§«“¡ —¡æ—π∏åπ’È‡™àπ°—π ·≈–¡’¢âÕ¡Ÿ≈Õ—π‡™◊ËÕ‰¥â«à“‡ªìπ “‡Àµÿ
¢Õß¡–‡√Áß∑àÕπÈ”¥’¡“°°«à“ C. sinensis3 ¥—ß®–°≈à“«„π√“¬
≈–‡Õ’¬¥µàÕ‰ª  °≈‰°°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’„π°≈ÿà¡π’È®—¥Õ¬Ÿà„π
°√–∫«π°“√Õ—°‡ ∫‡√◊ÈÕ√—ß

¡–‡√Áß∑àÕπÈ”¥’„πª√–‡∑»‰∑¬

°“√»÷°…“„π§π
     §«“¡ —¡æ—π∏å√–À«à“ß¡–‡√Áß∑àÕπÈ”¥’ ·≈–°“√µ‘¥‡™◊ÈÕ
æ¬“∏‘„∫‰¡âµ—∫„πª√–‡∑»‰∑¬ ¡’√“¬ß“π§√—Èß·√°®“°°“√»÷°…“
„π√“¬ß“π°“√µ√«®»æ®”π«π 2 √“¬ ∑’Ë‡ªìπ papillary
adenocarcinoma ¢Õßµ—∫ ·≈– adenocarcinoma ¢Õß∑àÕπÈ”¥’
√à«¡°—∫°“√µ√«®æ∫æ¬“∏‘„∫‰¡âµ—∫9 À≈—ß®“°π—Èπ°Á¡’°“√
√“¬ß“π°“√µ√«®™‘Èπ‡π◊ÈÕºŸâªÉ«¬À√◊Õµ√«®»æÕ’°À≈“¬√“¬ß“π
∑’Ë· ¥ß„Àâ‡ÀÁπ«à“Õÿ∫—µ‘°“√≥å∑’Ëæ∫¡–‡√Áß∑àÕπÈ”¥’¡’¡“°°«à“
¡–‡√Áß‡´≈≈åµ—∫„πºŸâªÉ«¬∑’Ë¡’À≈—°∞“π«à“Õ“»—¬Õ¬Ÿà„π‡¢µ
√–∫“¥¢Õßæ¬“∏‘„∫‰¡âµ—∫„π¿“§Õ’ “π À√◊Õ¡’°“√µ√«®æ∫
‰¢àæ¬“∏‘„∫‰¡âµ—∫  ¥—ß· ¥ß√“¬≈–‡Õ’¬¥„π µ“√“ß∑’Ë 2
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•

πÕ°®“°√“¬ß“π™ÿ¥ºŸâªÉ«¬¥—ß°≈à“«¡“·≈â« ¬—ß¡’ case-
control study  ∑—Èß hospital-based study ‡™àπ Kurathong et al.15,
Parkin et al.16  ·≈– population-based study ‡™àπ Haswell-
Elkins et al.17, Elkins et al.18, Sriamporn et al.19 ·≈–Õ’°®”π«π
¡“°∑’Ë π—∫ πÿπ§«“¡ —¡æ—π∏å√–À«à“ß°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡â
µ—∫·≈–°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’

°“√»÷°…“„π —µ«å∑¥≈Õß

®“°À≈—°∞“πµà“ß Ê ∑’Ëæ∫„πºŸâªÉ«¬·≈– population-based
study ¥—ß°≈à“«·≈â« ™’È™—¥«à“¡–‡√Áß∑àÕπÈ”¥’¡’§«“¡ —¡æ—π∏å°—∫
°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ Õ¬à“ß‰√°Áµ“¡ªí®®—¬Õ◊ËπÊ „π¿Ÿ¡‘¿“§
µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ∑’Ëπà“®–¡’∫∑∫“∑ §◊Õ  “√°àÕ¡–‡√Áßµà“ßÊ
„πÕ“À“√ª√–®”«—π ‡™àπ ª≈“√â“ ª≈“ â¡ ª≈“®àÕ¡ ·≈–
Õ“À“√À¡—°¥ÕßÕ◊ËπÊ ´÷Ëß¡’√“¬ß“π°“√ªπ‡ªóôÕπ¢Õß “√°àÕ
¡–‡√Áß‚¥¬‡©æ“–°≈ÿà¡ N-nitroso compounds À√◊Õ precursors20,21

πÕ°®“°π’ÈÀ≈—°∞“π®“°°“√»÷°…“„π —µ«å∑¥≈Õß«à“ “√°àÕ

¡–‡√Áß°≈ÿà¡π’È “¡“√∂™—°π”„Àâ‡°‘¥¡–‡√Áß‡´≈≈åµ—∫·≈–¡–‡√Áß∑àÕ
πÈ”¥’‰¥â 22  ®“°¢âÕ¡Ÿ≈¥—ß°≈à“«„π¢≥–π—Èπ∑”„Àâπ—°«‘∑¬“»“ µ√å
µ—Èß ¡¡µ‘ ∞“π«à“¡–‡√Áß∑àÕπÈ”¥’∑’Ëæ∫Õÿ∫—µ‘°“√≥å Ÿß„π¿“§Õ’ “π
πà“®–¡’ à«π‡°’Ë¬«¢âÕß°—∫ªí®®—¬∑—Èß ÕßÕ¬à“ßπ’È ·≈–π”‰ª Ÿà°“√
∑¥ Õ∫ ¡¡µ‘∞“ππ’È„π —µ«å∑¥≈Õß  π—°«‘∑¬“»“ µ√å°≈ÿà¡
·√°∑’Ë∑”°“√∫ÿ°‡∫‘°»÷°…“·≈– ¡§«√∑’Ë®–‰¥â√—∫°“√‡°’¬√µ‘
°≈à“«∂÷ß„π°“√»÷°…“°≈‰°°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’∑’Ë‡°‘¥√à«¡
°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫§◊Õ »“ µ√“®“√¬å πæ. ≥—∞ ¿¡√
ª√–«—µ‘23 ·≈– »“ µ√“®“√¬å π æ. «‘∑¬“  ∏√√¡«‘∑¬å24  §≥–
ºŸâ«‘®—¬‰¥â„Àâ “√°àÕ¡–‡√Áß dimethylnitrosamine ¢π“¥ 25 ppm
„ππÈ”¥◊Ë¡√à«¡°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ 100 metacercariae
„πÀπŸ·Œ¡ ‡µÕ√å ·≈–æ∫«à“ “¡“√∂™—°π”„Àâ‡°‘¥¡–‡√Áß∑àÕ
πÈ”¥’‰¥â 100 ‡ªÕ√å‡´Áπµå ·µà‰¡àæ∫„π°≈ÿà¡∑’Ë„Àâæ¬“∏‘„∫‰¡âµ—∫
À√◊Õ “√°àÕ¡–‡√Áß Õ¬à“ß‡¥’¬«  À≈—ß®“°√“¬ß“ππ’È·≈â«°Á¡’°“√
»÷°…“„π∑”πÕß‡¥’¬«°—π¡“°¡“¬‡æ◊ËÕÕ∏‘∫“¬§«“¡ —¡æ—π∏å
°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’  ¥—ß√“¬≈–‡Õ’¬¥ √ÿª„πµ“√“ß∑’Ë 3-4

µ“√“ß∑’Ë 2  · ¥ß√“¬ß“πºŸâªÉ«¬¡–‡√Áßµ—∫∑’Ë¡’§«“¡ —¡æ—π∏å°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫

References Patients specified

as coming from

endemic area

Period of

study

Cases

Method of

ascertainment

Type Number OV infection

No. %

Bhamarapravati & No 1960-62 Liver biopsy HCC 251 5 2
Viranuvatti10 CCA 61 11 18

Autopsy HCC 33 0 0
CCA 14 11 79

Chainuvati et al.11 Yes NR NR CAcystic 4 3a 75
Koompairochana et al.12 No 1954-74 Autopsy HCC 266b 9 3.4

CCA 108b 67 62
Sonakul et al.13 No 17 years Autopsy HCC 9 From case

CCA 67 series with OV
Yes 3 years Autopsy HCC 3 3 100

CCA 8 8 100
Stitnimankarn et al.14 Yes NR Liver biopsy CCA 11 11 100

NR = not reported; HCC = hepatocellular carcinoma; CCA = cholangiocarcinoma; CAcystic = adenocarcinoma of the cystic duct
aBy stool examination; all were found to have infection when the ducts were examined histologically.
bCombining cases reported to have O. viverrini infection and those reported to be without the fluke. (Modified from IARC, 1994)
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µ“√“ß∑’Ë 3  °“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫·≈– NDMA „π —µ«å∑¥≈Õß

References Dose of OV

infection

Dose of NDMA No. of

animals

Duration(weeks) Cholangio-

fibrosis (%)

CCA (%)

Thamavit et al.24 100 25 ppm in water, 30 21 23 21 (100) 21(100)
days p.i. for 10 weeks

Flavell & Lucas25 50 1.6 mg single dose 50 Total 70 NR 5 (10)
p.o., 41 days p.i.

Flavell & Lucas26 50 1.6 mg, single dose 46 Total 490 NR 9 (20)
p.o. 96 hr before days
infection.
1.6 mg single dose 50 Total 490 NR 5(10)
p.o., 41 days p.i. days

Thamavit et al. 27 100 12.5 ppm* 15 40 15(100) 14(93)
100 6.25 ppm* 19 40 19(100) 16(84)
100 3.25 ppm* 15 40 10(67) 3(20)
50 12.5 ppm* 17 40 15(88) 10(50)
50 6.25 ppm* 15 40 9(60) 8(53)
25 12.5 ppm* 19 40 15(78) 13(68)
25 6.25 ppm* 15 40 9(60) 9(60)
12 12.5 ppm* 10 40 7(70) 7(70)
12 6.25 ppm* 10 40 4(40) 4(40)

Thamavit et al.28 80 20 mg/kg i.p. 19 days 43** 45 40(93) 19(44)
before infection

NDMA = N-nitrosodimethylamine; NR = Not reported; p.i.  = post infection; p.o. = per oral; i.p. = intraperitoneal injection
*NDMA in drinking water, 2 weeks p.i. for 10 weeks.  **15(34.9%) also developed mucinous cystadenoma and 2(4.7%) developed
hepatocellular carcinoma. Data modified from the original articles.

µ“√“ß∑’Ë 4  §«“¡ —¡æ—π∏å√–À«à“ß°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫·≈– “√°àÕ¡–‡√ÁßÕ◊ËπÊ „π —µ«å∑¥≈Õß

References Dose of OV

infection

Carcinogens No. of

animals

Duration

(weeks)

Cholangio-

fibrosis (%)

CCA

(%)

Thamavit et al. 29 100 0.1% sodium nitrite +0.1% 20 Total 24 7(35) 3(15)
aminpyrine in water, 30 days HCD2(10)
i.p. for 8-10 weeks

Thamavit et al. 27 60 NDEA in drinking water 20-30 32 OK HCD
for 12 weeks
- 20 mg/L 12/19
- 40 mg/L 23/25

Thamavit et al. 30 50,100 NDEA 150 mg/kg i.p., 95 41 NR HCD 4.3,
single 6.8 nodules/

animal
Thamavit et al. 29 100 NDHDPA 1000 mg/kg 75 22 18/19 9/19

body weight, i.p. HCD
(19/19)

Moore et al. 31 80 NDHDPA 500 mg/kg body 100 52 OK 8/16
weight, 3 i.p. injection HCD
at week 16,17,18 (16/16)

NR = Not reported; p.i.  = post infection; p.o. = per oral, OK = presence, NDEA = N-nitrosodiethylamine
NDHDPA = N-nitrosodihydroxy-n-propylamine, HCD = hepatocellular nodule
Data modified from the original articles.
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•

     ®“°À≈—°∞“π∑—Èß¢Õß√“¬ß“πºŸâªÉ«¬ °“√»÷°…“∑“ß
√–∫“¥«‘∑¬“·≈–°“√∑¥≈Õß„π —µ«å∑¥≈Õß¥—ß°≈à“« ª√–¡«≈
‡∫◊ÈÕßµâπ«à“ ªí®®—¬ ”§—≠„π°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’„π¿“§Õ’ “π
πà“®–¡’ “‡Àµÿ¡“®“° 1) °“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ ·≈– 2) °“√
‰¥â√—∫ “√°àÕ¡–‡√Áß  Õ¬à“ß‰√°Áµ“¡„π°“√‡°‘¥¡–‡√Áß¡’ªí®®—¬
Õ◊ËπÕ’°À≈“¬Õ¬à“ß∑’Ë‡°’Ë¬«¢âÕß·≈–∑’Ë¬—ß‰¡à∑√“∫  ¥—ßπ—Èπªí®®—¬
 3  Àà«ß ¥—ß· ¥ß„π√Ÿª∑’Ë 1  ®÷ßπà“®–‡ªìπªí®®—¬∑’Ë§√Õ∫§≈ÿ¡
·≈–„π∫∑§«“¡π’È®–‰¥â°≈à“«∂÷ßªí®®—¬µà“ßÊ ·≈–°≈‰°°“√
‡°‘¥¡–‡√Áß∑àÕπÈ”¥’∑’Ë‡°‘¥√à«¡°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫„π
√“¬≈–‡Õ’¬¥ √«¡∑—Èß·π«∑“ß°“√»÷°…“µàÕ‰ª„πÕπ“§µ‡æ◊ËÕ
π”‰ª Ÿà°“√§«∫§ÿ¡ ªÑÕß°—π ·≈–°“√√—°…“¡–‡√Áß∑àÕπÈ”¥’„π
ª√–‡∑»‰∑¬

√Ÿª∑’Ë 1 ªí®®—¬ “¡Àà«ß„π°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’„πª√–‡∑»‰∑¬

Liver fluke

Carcinogen Other factors

ªí®®—¬¥â“πµ—«æ¬“∏‘ (Parasite factors)

°“√∑’Ë®–∑”§«“¡‡¢â“„®„π°≈‰°°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’
®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß‡¢â“„®Õß§åª√–°Õ∫„π°“√‡°‘¥‚√§∑’Ë
‡°’Ë¬«¢âÕßÕ¬à“ß≈–‡Õ’¬¥  ¥—ßπ—Èπ„π à«πªí®®—¬¢Õßµ—«æ¬“∏‘®÷ß
§«√∑√“∫ 1) Õß§åª√–°Õ∫¢Õßµ—«æ¬“∏‘   2) °“√µÕ∫ πÕß
∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß‚Œ µå ·≈– 3) æ¬“∏‘ ¿“æ·≈–°≈‰°°“√
‡°‘¥æ¬“∏‘ ¿“æ ´÷Ëß®–π”‰ª Ÿà§«“¡‡¢â“„®„π§«“¡ —¡æ—π∏å
°—∫°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’

Õß§åª√–°Õ∫¢Õßµ—«æ¬“∏‘
æ¬“∏‘„∫‰¡âµ—∫®—¥Õ¬Ÿà„π°≈ÿà¡ Trematode ¡’‚§√ß √â“ß

´—∫´âÕπµ—Èß·µà¿“¬πÕ° §◊Õ tegument ·≈–Õ«—¬«–¿“¬„πµà“ßÊ
‡™àπ gut, reproductive system ‡ªìπµâπ ‚§√ß √â“ß∑“ß°“¬¿“æ
‡À≈à“π’È¡’°“√»÷°…“°—πæÕ ¡§«√∑—Èß„π√–¥—∫°≈âÕß®ÿ≈∑√√»πå
∏√√¡¥“·≈–®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ ‚¥¬‡©æ“–°“√»÷°…“
‚§√ß √â“ß¢Õß  tegument 32-35  æ∫«à“ª√–°Õ∫¥â«¬ syncytium

‡ªìπ à«π¢Õß  cell process ¢Õß tegument cells ´÷ËßÕ¬Ÿà„µâ™—Èπ
°≈â“¡‡π◊ÈÕ≈ß‰ª  syncytium π’Èª°§≈ÿ¡¥â«¬ trilaminate outer
membrane ´÷Ëß°àÕµ—«‡ªìπ microvilli ·≈– glycocalyx ∫“ß Ê
ª°§≈ÿ¡∑—∫Õ’°™—Èπ  à«π¥â“π≈à“ß¢Õß syncytium ‡ªìπ inner
membrane ·≈–™—Èπ°≈â“¡‡π◊ÈÕ „π syncytium ª√–°Õ∫¥â«¬
secretory granules ·≈– mitochondria ‡ªìπ®”π«π¡“°   à«π
tegument cells ∑—Èß„π√–¬–µ—«ÕàÕπ (immature fluke, 1 week)
·≈–æ¬“∏‘µ—«·°à¡’≈—°…≥–∑’Ë active ¡“° °≈à“«§◊Õ ¡’π‘«§≈’‚Õ≈— 
„À≠à rough endoplasmic reticulum ¡“° Golgi complexes
æ—≤π“¥’ ·≈–¡’ secretory granule À≈“°À≈“¬™π‘¥‡ªìπ®”π«π
¡“° ‡™◊ËÕ«à“ granule ‡À≈à“π’È®–∂Ÿ°¢π∂à“¬ÕÕ°¡“¥â“ππÕ°ºà“π
∑“ß microtubule ¡“∑’Ë syncytium ‡æ◊ËÕ √â“ß‡ªìπ outer
membrane ·≈– glycoclyx µàÕ‰ª  „π à«π¢Õß glycocalyx ´÷Ëß
‡ªìπ¥â“ππÕ° ÿ¥ª√–°Õ∫¥â«¬ “√‡§¡’∑’Ë‡ªìπ  negative charges
·≈–‡¡◊ËÕ»÷°…“∑“ß lectin cytochemistry ·≈â«æ∫«à“ ¡’ªØ‘°‘√‘¬“
°—∫‡≈§µ‘π ™π‘¥ Con A, WGA ·≈– RCA ·µà‰¡àæ∫ªØ‘°‘√‘¬“
°—∫ DBA · ¥ß«à“ glycocalyx  ¢Õßæ¬“∏‘„∫‰¡âµ—∫ª√–°Õ∫¥â«¬
D-mannose/D-glucose, N-acetyl-D-glucosamine/sialic acid,
D-galactose ·≈– D-mannose/D-galactosamine 36

Õß§åª√–°Õ∫¢Õßæ¬“∏‘„∫‰¡âµ—∫∑“ß¥â“π‚ª√µ’π¡’°“√
»÷°…“§àÕπ¢â“ßπâÕ¬  Wongratanacheewin et al.37 ·≈– Akai et
al.38  ‰¥â»÷°…“‚ª√µ’π¢Õßæ¬“∏‘π’È∑—Èßµ—« (somatic extract)
‚¥¬„™â SDS-PAGE æ∫«à“ª√–°Õ∫¥â«¬‚ª√µ’ππÈ”Àπ—°‚¡‡≈°ÿ≈
µà“ßÊ °—π µ—Èß·µà 14-219 KDa  ·≈–‚ª√µ’π à«π„À≠àÕ¬Ÿà„π√Ÿª
‰°≈‚§‚ª√µ’π‡¡◊ËÕ∑”°“√»÷°…“¥â«¬ Con A blotting38  à«π
secretory products ¢Õßæ¬“∏‘ª√–°Õ∫‚ª√µ’π à«π„À≠à„π™à«ß
89 KDa37 ·≈–¬—ßæ∫«à“‚ª√µ’π à«ππ’È¡’§ÿ≥ ¡∫—µ‘∑’Ë‡ªìπ
·Õπµ‘‡®π∑’Ë¥’·≈–π”‰ª„™â„π°“√«‘π‘®©—¬ À√◊Õ°“√»÷°…“∑“ß
Õ‘¡¡Ÿ‚π«‘∑¬“ „π‡«≈“µàÕ¡“ 39,40  ‡¡◊ËÕ‡√Á«Ê π’È¡’√“¬ß“π°“√»÷°…“
‚ª√µ’π¢Õßæ¬“∏‘„∫‰¡âµ—∫„π√–¬–µ—«ÕàÕπ·≈–√–¬–µ—«‡µÁ¡
«—¬¥â«¬‡∑§π‘§ Proteomics ́ ÷Ëß “¡“√∂µ√«®‚ª√µ’π®”π«π¡“°
‰¥â„π§√—Èß‡¥’¬« æ∫«à“¡’§«“¡·µ°µà“ß¢Õß‚ª√µ’π∑’Ë™—¥‡®π41

Õß§åª√–°Õ∫µà“ßÊ ∑’Ë°≈à“«¡“¢â“ßµâπ‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π¢Õß
µ—« “‡Àµÿ¢Õß‚√§∑’Ë®–™à«¬„π°“√Õ∏‘∫“¬°“√µÕ∫ πÕß∑“ß
¿Ÿ¡‘§ÿâ¡°—π ·≈–°≈‰°„π°“√‡°‘¥‚√§µàÕ‰ª  ‡π◊ËÕß®“°À“°¡’
Õß§åª√–°Õ∫‡À≈à“π’È¡’‚Õ°“ ∑’Ë®–∑”Õ—πµ√“¬·≈–/À√◊Õ
°√–µÿâπ‡π◊ÈÕ‡¬◊ËÕ¢Õß‚Œ µå°Á‡ªìπ‰ª‰¥â Ÿß ´÷Ëß¡’¢âÕ¡Ÿ≈ π—∫®“°
°“√»÷°…“„πª√–™“°√„π¿“§Õ’ “π∑’Ëæ∫«à“æ¬“∏‘ ¿“æ„π
µ—∫·≈–∑àÕ∑“ß‡¥‘ππÈ”¥’ √«¡∑—Èß¡–‡√Áß∑àÕπÈ”¥’¡’§«“¡ —¡æ—π∏å
°—∫ª√‘¡“≥°“√µ‘¥‡™◊ÈÕ (worm burden/ egg per gram)18,42,46

Õ¬à“ß‰√°Áµ“¡Õß§åª√–°Õ∫Õ◊Ëπ Ê ¢Õßæ¬“∏‘„∫‰¡âµ—∫‚¥¬
‡©æ“–¥â“π‡Õπ‰´¡åÀ√◊Õ‚¡‡≈°ÿ≈∑’ËÕ“®‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥
æ¬“∏‘ ¿“æ À√◊Õ ¡–‡√Áß πà“®–¡’°“√»÷°…“„π√–¥—∫≈÷°Õ’°¡“°
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°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß‚Œ µåµàÕæ¬“∏‘„∫‰¡âµ—∫
°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ “¡“√∂°√–µÿâπ„Àâ√à“ß°“¬¡’°“√

µÕ∫∑“ß¿Ÿ¡‘§ÿâ¡°—π∑—Èß√–∫∫ humoral ·≈– cellular immune
response  ¡’°“√»÷°…“∑—Èß„π§π·≈– —µ«å∑¥≈Õß  °“√µÕ∫
 πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—ππ’ÈÕ“®‡ªìπµ—«π”‰ª Ÿà°“√‡°‘¥æ¬“∏‘ ¿“æ
¢Õß‚√§æ¬“∏‘„∫‰¡âµ—∫·≈–¡–‡√Áß∑àÕπÈ”¥’ ¥—ß∑’Ë®–‰¥â°≈à“«µàÕ‰ª

Humoral immune response
°“√»÷°…“°“√µÕ∫ πÕßµàÕ°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫

¥â«¬°“√ √â“ß·Õπµ‘∫Õ¥’¡’°“√»÷°…“§√—Èß·√°„π·Œ¡ ‡µÕ√å
‚¥¬ Janechaiwat et al.44  À≈—ß®“°π—Èπ°Á√“¬ß“π∑—Èß®“°°“√
»÷°…“„πºŸâªÉ«¬„π‚√ßæ¬“∫“≈39,45,46  °“√»÷°…“„πª√–™“°√∑’Ë
Õ¬Ÿà„π‡¢µ√–∫“¥¢Õßæ¬“∏‘„∫‰¡âµ—∫43,47 ·≈–„π —µ«å∑¥≈Õß48-50

°“√µÕ∫ πÕß∑“ß·Õπµ‘∫Õ¥’π’È¡’∑—Èß™π‘¥ IgG, IgA, IgM ·≈–
IgE  ‡¡◊ËÕ»÷°…“∑“ß immunocytochemistry ·≈â«æ∫«à“
·Õπµ‘∫Õ¥’ à«π„À≠à √â“ßµàÕ tegument, reproductive organs,
gut ·≈– secretory products ¢Õßæ¬“∏‘51,52   à«πª√‘¡“≥¢Õß
·Õπµ‘∫Õ¥’„π´’√—¡ à«π„À≠à·ª√º—πµ“¡ª√‘¡“≥¢Õß°“√µ‘¥
‡™◊ÈÕÀ√◊Õª√‘¡“≥‰¢àæ¬“∏‘∑’Ëµ√«®æ∫43,50 ·≈–√–¬–‡«≈“∑’Ë
 “¡“√∂µ√«®æ∫·Õπµ‘∫Õ¥’ (latent period) ¢÷Èπ°—∫ª√‘¡“≥¢Õß
°“√µ‘¥‡™◊ÈÕ49,50  πÕ°®“°π’Èª√‘¡“≥¢Õß·Õπµ‘∫Õ¥’‚¥¬‡©æ“–
™π‘¥ IgG ¬—ßæ∫«à“¡’§«“¡ —¡æ—π∏å°—∫æ¬“∏‘ ¿“æ∑’Ëæ∫„π
√–∫∫∑àÕ∑“ß‡¥‘ππÈ”¥’ §◊Õ periductal fibrosis43  √–¥—∫À√◊Õ
ª√‘¡“≥¢Õß·Õπµ‘∫Õ¥’µàÕæ¬“∏‘„∫‰¡âµ—∫„π´’√—¡¬—ß¢÷Èπ Ÿß„π
ºŸâ∑’Ë ß —¬«à“‡ªìπ¡–‡√Áß∑àÕπÈ”¥’®“°°“√µ√«®¥â«¬Õÿ≈µ√â“´“«¥å43

À√◊Õ‡ªìπ¡–‡√Áß∑àÕπÈ”¥’∑’Ë¡’º≈«‘π‘®©—¬∑“ßæ¬“∏‘«‘∑¬“‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫ºŸâªÉ«¬∑’Ë‡ªìπ benign hepatobiliary diseases
Õ◊ËπÊ 53  ¢âÕ¡Ÿ≈∑’Ë¡’¢≥–π’È‡™◊ËÕ‰¥â«à“„πºŸâ∑’Ë¡’·Õπµ‘∫Õ¥’µàÕ
æ¬“∏‘„∫‰¡âµ—∫ Ÿß À√◊Õ„π∑“ß°≈—∫°—πºŸâ∑’Ë¡’ª√‘¡“≥°“√µ‘¥‡™◊ÈÕ
¡“°¡’‚Õ°“ ∑’Ë®–¡’æ¬“∏‘ ¿“æ„πµ—∫·≈–∑àÕ∑“ß‡¥‘ππÈ”¥’ Ÿß
¡“°°«à“ºŸâ∑’Ë¡’ªí®®—¬¥—ß°≈à“«πâÕ¬°«à“

Cellular immune response
°“√»÷°…“¥â“π cellular immune response µàÕæ¬“∏‘

„∫‰¡âµ—∫¡’§àÕπ¢â“ßπâÕ¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√»÷°…“¥â“π
humoral immune response ¥—ß∑’Ë°≈à“«¡“  Bhamarapravati
et al.23 æ∫«à“„π·Œ¡ ‡µÕ√å∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫„π√–¬–·√°
¡’°“√µÕ∫ πÕß¢Õß‡´≈≈åÕ—°‡ ∫√Õ∫Ê ∑àÕπÈ”¥’ ∑—Èß„π∑àÕ¢π“¥
‡≈Á°´÷Ëß‰¡à¡’µ—«æ¬“∏‘·≈–¢π“¥„À≠à ·≈– periportal area
¡“°¡“¬ ‚¥¬‡©æ“– eosinophil, neutrophil ·≈– mononuclear
cells À≈—ß®“°π—Èπ°Á¡’ lymphocyte ·≈– plasma cell ‡æ‘Ë¡¡“°
¢÷Èπ  πÕ°®“°π’È¬—ßÕ“®æ∫  granulomatous inflammation
√Õ∫ Ê ‰¢àæ¬“∏‘ ´÷Ëß∫àß™’È«à“‡ªìπªØ‘°‘√‘¬“¢Õß cell-mediated
immune response  Sripa & Kaewkes54 ‰¥â· ¥ß„Àâ‡ÀÁπ«à“
°“√µÕ∫ πÕß¥â“π‡´≈≈åÕ—°‡ ∫µà“ß Ê ‡ªìπ°“√µÕ∫ πÕßµàÕ

·Õπµ‘‡®π¢Õßæ¬“∏‘ ‚¥¬µ—«æ¬“∏‘®–ª≈àÕ¬·Õπµ‘‡®π/‚ª√µ’π
ºà“π‡¬◊ËÕ∫ÿº‘«∑àÕπÈ”¥’·≈–°√–µÿâπ°“√µÕ∫ πÕß·∫∫æ÷Ëß‡´≈≈å
°“√µÕ∫ πÕß∑“ß‡´≈≈åÀ√◊Õ°“√Õ—°‡ ∫„π√–¬–·√°À√◊Õ
√–¬–‡©’¬∫æ≈—π (acute inflammation) ¡’§«“¡ —¡æ—π∏å°—∫
æ¬“∏‘ ¿“æ¢Õßµ—∫·≈–∑àÕπÈ”¥’‡ªìπÕ¬à“ß¡“°¥—ß®–‰¥â°≈à“«
„πÀ—«¢âÕµàÕ‰ª  Õ¬à“ß‰√°Áµ“¡„π°“√µ‘¥‡™◊ÈÕ‡√◊ÈÕ√—ß (chronic
infection) „π‡¥◊Õπ∑’Ë 5-6 æ∫«à“æ¬“∏‘ ¿“æ¢Õßµ—∫¡’°“√
‡ª≈’Ë¬π·ª≈ß‰ª„π∑“ß∑’Ë¥’¢÷Èπ54 ́ ÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß
Wongratanacheewin et al.55 ´÷Ëßæ∫¡’ immunodepression „π
·Œ¡ ‡µÕ√å∑’Ëµ‘¥‡™◊ÈÕ‡√◊ÈÕ√—ß

 ”À√—∫°“√»÷°…“°“√µÕ∫ πÕß¥â“π‡´≈≈å„πºŸâªÉ«¬´÷Ëß
»÷°…“‚¥¬§≥–ºŸâ‡¢’¬π (Sripa et al., unpublished) „πºπ—ß∂ÿß
πÈ”¥’®“°ºŸâªÉ«¬∑’Ë¡’‰¢àæ¬“∏‘„∫‰¡âµ—∫„ππÈ”¥’/Õÿ®®“√–æ∫«à“¡’
®”π«π¢Õß T cell, T helper cells, macrophage ·≈– mast cell
„π™—Èπ lamina propria ¢Õß mucosa  ¡“°°«à“¢ÕßºŸâªÉ«¬∑’Ë
‰¡à¡’‰¢àæ¬“∏‘„∫‰¡âµ—∫Õ¬à“ß¡’π—¬ ”§—≠ πÕ°®“°π’È¬—ßæ∫«à“
ª√‘¡“≥¢Õß‡´≈≈åÕ—°‡ ∫¥—ß°≈à“«¬—ß¡’§«“¡ —¡æ—π∏å °—∫
æ¬“∏‘ ¿“æ¢Õß∂ÿßπÈ”¥’∑’Ë‡¥àπ™—¥ §◊Õ fibrosis56  ®“°¢âÕ¡Ÿ≈
¢Õß°“√»÷°…“¥â“π cellular immune response  µàÕ°“√µ‘¥
‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫°Á‡™◊ËÕ‰¥â«à“¡’∫∑∫“∑ ”§—≠„π°“√‡°‘¥
æ¬“∏‘ ¿“æ¢Õßµ—∫·≈–∑àÕ∑“ß‡¥‘ππÈ”¥’   à«π∫∑∫“∑À√◊Õ
°≈‰°„π√“¬≈–‡Õ’¬¥®–π”‡ πÕ„πµÕπµàÕ‰ª

æ¬“∏‘«‘∑¬“‚√§µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫
æ¬“∏‘ ¿“æ∑’Ë‡°‘¥®“°°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫æ∫‰¥â

∑—Èß„πµ—∫ ∑àÕ∑“ß‡¥‘ππÈ”¥’ ·≈–∂ÿßπÈ”¥’  ´÷Ëß‰¥â¡’°“√»÷°…“∑—Èß
„π§π·≈– —µ«å∑¥≈Õß12,23,57-59  §«“¡√ÿπ·√ß¢Õßæ¬“∏‘ ¿“æ
π’È¢÷ÈπÕ¬Ÿà°—∫∑—Èßª√‘¡“≥°“√µ‘¥‡™◊ÈÕ·≈–√–¬–‡«≈“¢Õß°“√
µ‘¥‡™◊ÈÕ23,54,58,60

æ¬“∏‘«‘∑¬“„π§π
æ¬“∏‘ ¿“æ¢Õßµ—∫∑’Ë¡’°“√µ‘¥‡™◊ÈÕ®”π«π¡“°®–¡’¢π“¥

„À≠à·≈–¡’πÈ”Àπ—°¡“°¢÷Èπ ∫“ß§√—ÈßÕ“®∂÷ß Õß‡∑à“¢ÕßπÈ”Àπ—°
ª°µ‘ (3,000-3,500 °√—¡ À√◊Õ ¡“°°«à“) 57  ∑àÕπÈ”¥’∑’ËÕ¬Ÿà„µâ™—Èπ
‡¬◊ËÕÀÿâ¡µ—∫¡’°“√¢¬“¬¡“°æ√âÕ¡°—∫¡’ºπ—ßæ—ßº◊¥Àπ“59,61 æ¬“∏‘
 ¿“æ¢Õßµ—∫∑’Ë‡ÀÁπ‰¥â®“°°≈âÕß®ÿ≈∑√√»πå à«π„À≠àæ∫„π
∑àÕ∑“ß‡¥‘ππÈ”¥’ ‚¥¬‡©æ“–∑àÕ∑“ß‡¥‘ππÈ”¥’¢π“¥„À≠à·≈–
¢π“¥°≈“ß∑’Ë¡’æ¬“∏‘Õ“»—¬Õ¬Ÿà59  „π√–¬–·√°¢Õß°“√µ‘¥‡™◊ÈÕ
À√◊Õ°“√µ‘¥‡™◊ÈÕ∑’Ë¡’ª√‘¡“≥πâÕ¬ Tansurat57 ‰¡àæ∫¡’°“√
‡ª≈’Ë¬π·ª≈ß„π‡¬◊ËÕ∫ÿ·≈–ºπ—ß∑àÕ∑“ß‡¥‘ππÈ”¥’„π°“√»÷°…“
®“°°“√µ√«®»æ 70 √“¬ Õ¬à“ß‰√°Áµ“¡„π°“√µ‘¥‡™◊ÈÕ‡√◊ÈÕ√—ß
æ∫«à“¡’°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å‡¬◊ËÕ∫ÿµàÕ¡‡¡◊Õ° ·≈–¡’°“√
Àπ“µ—«¢Õßºπ—ß∑àÕ∑“ß‡¥‘ππÈ”¥’  Riganti et al.59 ‰¥â√“¬ß“π
≈—°…≥–æ¬“∏‘ ¿“æ∑’Ëæ∫∫àÕ¬ §◊Õ desquamation of the
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•

biliary epithelium, epithelial hyperplasia, bile duct hyperplasia
·≈– periductal fibrosis   à«π‡´≈≈åÕ—°‡ ∫∑’Ë·∑√°‡¢â“‰ª à«π
„À≠à‡ªìπ™π‘¥ lymphocytes, monocytes, eosinophils ·≈–
plasma cells °“√Õ—°‡ ∫™π‘¥·°√πŸ‚≈¡“ (granulomatous
inflammation) æ∫‰¥âπâÕ¬·≈–∂â“æ∫¡—°®–æ∫„π∫√‘‡«≥∑’Ë¡’°“√
À≈ÿ¥¢Õß‰¢àæ¬“∏‘‡¢â“‰ª„π‡π◊ÈÕ‡¬◊ËÕ59,62 æ¬“∏‘ ¿“æ∑—Èß∑’Ë¥Ÿ¥â«¬
µ“‡ª≈à“·≈–®“°°≈âÕß®ÿ≈∑√√»πå‰¡à·µ°µà“ß°—π√–À«à“ß‡¥Á°
·≈–ºŸâ„À≠à ·µà∂ÿßπÈ”¥’‚µ ∂ÿßπÈ”¥’Õ—°‡ ∫‡√◊ÈÕ√—ß ·≈–¡–‡√Áß∑àÕ
πÈ”¥’  æ∫‰¥â‡©æ“–„πºŸâ„À≠à59

æ¬“∏‘«‘∑¬“„π —µ«å∑¥≈Õß
°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘«‘∑¬“„π —µ«å∑¥≈Õß‚¥¬

‡©æ“–„π·Œ¡ ‡µÕ√å¡’§«“¡§≈â“¬§≈÷ß°—∫∑’Ë ‡°‘¥„π§π
Bhamarapravati et al. 23 ‰¥âÕ∏‘∫“¬æ¬“∏‘ ¿“æ„π·Œ¡ ‡µÕ√å
∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫‰«â¥—ßπ’È „π√–¬–·√°¢Õß°“√µ‘¥‡™◊ÈÕ¡’
°“√Õ—°‡ ∫·∫∫‡©’¬∫æ≈—π„π second-order bile ducts ·≈–
portal connective tissue ¡’°“√µ“¬¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫‡ªìπÀ¬àÕ¡ Ê
(focal hemorrhagic and coagulation necrosis) ‡´≈≈åÕ—°‡ ∫∑’Ë
·∑√°‡¢â“¡“¡’ eosinophils, neutrophils ·≈– mononuclear cells
°“√µÕ∫ πÕß¢Õß‡´≈≈åÕ—°‡ ∫‡À≈à“π’È‰¥â¡’°“√æ‘ Ÿ®πå·≈â««à“
¡’µàÕ·Õπµ‘‡®π¢Õßæ¬“∏‘∑’Ëª≈àÕ¬ÕÕ°¡“·≈–°√–®“¬ºà“π
‡¬◊ËÕ∫ÿº‘«∑àÕπÈ”¥’·≈–‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß‚¥¬‡©æ“–∫√‘‡«≥∑’ËÕ¬Ÿà
„°≈âµ—«æ¬“∏‘54  à«π∑àÕπÈ”¥’®–¢¬“¬„À≠à¢÷Èπæ√âÕ¡°—∫¡’°“√
‡æ‘Ë¡®”π«π¢Õß‡¬◊ËÕ∫ÿº‘« ·≈– goblet cells „π√–¬–∑’Ë Õß¢Õß
°“√µ‘¥‡™◊ÈÕª√–¡“≥Àπ÷Ëß‡¥◊Õπ®–¡’ epithelial hyperplasia ·≈–
adenomatous formation ¢Õß∑àÕπÈ”¥’  à«π granulomatous
responses  µàÕµ—«æ¬“∏‘·≈–‰¢à°Áæ∫‰¥â∫àÕ¬‡™àπ°—π·≈–‡™◊ËÕ
«à“°“√À“¬ (resolution) ¢Õß granulomas π’Èπ”‰ª Ÿà°“√‡°‘¥
periductal ·≈– periportal scarring  „π√–¬–µ‘¥‡™◊ÈÕ‡√◊ÈÕ√—ß‡ªìπ
‡«≈“π“π æ¬“∏‘ ¿“æ„πµ—∫∑’Ë‡¥àπ¡’ periportal ·≈– periductal
fibrosis ́ ÷Ëß°Á Õ¥§≈âÕß°—∫√“¬ß“π∑’Ë¡’°“√æ∫ª√‘¡“≥¢Õß type
I ·≈– type III collagen ¡“°¢÷Èπ„π·Œ¡ ‡µÕ√å∑’Ëµ‘¥‡™◊ÈÕ
‡√◊ÈÕ√—ß63,64   à«π‡´≈≈åÕ—°‡ ∫∑’Ë·∑√°‡¢â“‰ª„π‡π◊ÈÕ‡¬◊ËÕ√Õ∫Ê ∑àÕ
πÈ”¥’ª√–°Õ∫¥â«¬ lymphocytes, monocytes, macrophages,
eosinophils ·≈– plasma cells23,54  æ¬“∏‘ ¿“æ¢Õß∂ÿßπÈ”¥’
„π —µ«å∑¥≈Õß∑’Ëµ‘¥‡™◊ÈÕæ∫«à“¡’°“√Àπ“µ—«¢Õßºπ—ß∂ÿßπÈ”¥’
·≈–∑àÕπÈ”¥’πÕ°µ—∫ ‡¡◊ËÕ»÷°…“∑“ß histopathology æ∫«à“
¡’‡´≈≈åÕ—°‡ ∫®”π«π¡“°∑—Èß™π‘¥ eosinophil, neutrophil
mononuclear cell ·≈– mast cell  πÕ°®“°π’È¬—ßæ∫ fibrosis „π
ºπ—ß¢Õß∂ÿßπÈ”¥’·≈–∑àÕπÈ”¥’πÕ°µ—∫¥â«¬‡™àπ°—π60  µ—«Õ¬à“ß
æ¬“∏‘ ¿“æ¢Õßµ—∫·≈–∑àÕπÈ”¥’∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫
· ¥ß„π√Ÿª∑’Ë  2

°≈‰°°“√‡°‘¥æ¬“∏‘ ¿“æ„π‚√§æ¬“∏‘„∫‰¡âµ—∫
®“°¢âÕ¡Ÿ≈∑—Èß à«πª√–°Õ∫¢Õßµ—«æ¬“∏‘ °“√µÕ∫ πÕß

∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß‚Œ µå ·≈–æ¬“∏‘ ¿“æ∑’Ëæ∫ ∑”„Àâ “¡“√∂
ª√–¡«≈°≈‰°°“√‡°‘¥æ¬“∏‘ ¿“æ„π°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡â
µ—∫‰¥â„π√–¥—∫Àπ÷Ëß‚¥¬„π à«π¢Õß°“√∑”≈“¬‡¬◊ËÕ∫ÿº‘«∑àÕπÈ”¥’
‡™àπ ¡’ epithelial desquamation ‡™◊ËÕ«à“Õ“®‡°‘¥®“°°“√
‡ ’¬¥ ’∑“ß°“¬¿“æ√–À«à“ßµ—«æ¬“∏‘°—∫‡π◊ÈÕ‡¬◊ËÕ∫ÿ¢Õß∑àÕπÈ”¥’
(mechanical irritation) ·≈–°“√¥Ÿ¥°—¥¢Õß sucker æ¬“∏‘ /À√◊Õ
Õ“®‡°‘¥®“° metabolic products ∑’Ëæ¬“∏‘„∫‰¡âµ—∫¢—∫∂à“¬
ÕÕ°¡“57,58,62  Õ¬à“ß‰√°Áµ“¡¡’π—°«‘∑¬“»“ µ√åÀ≈“¬∑à“π‰¥â

√Ÿª∑’Ë 2  æ¬“∏‘ ¿“æ¢Õßµ—∫·≈–∑àÕπÈ”¥’¢ÕßÀπŸ·Œ¡ ‡µÕ√å∑’Ëµ‘¥
‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫  A) · ¥ßæ¬“∏‘„∫‰¡âµ—∫„π∑àÕπÈ”¥’∑”„Àâ∑àÕ¢¬“¬
‡´≈≈å‡¬◊ËÕ∫ÿ∑àÕπÈ”¥’¡’°“√‡æ‘Ë¡®”π«π¡“°¢÷Èπ·≈–¡’°“√Õ—°‡ ∫√Õ∫Ê
∑àÕπÈ”¥’ à«π„À≠à‡ªìπ‡´≈≈å™π‘¥  mononuclear cells  B) · ¥ß
°“√¬âÕ¡·Õπµ‘‡®πæ¬“∏‘„∫‰¡âµ—∫„πµ—«æ¬“∏‘·≈–„π‡´≈≈å‡¬◊ËÕ∫ÿ∑àÕ
πÈ”¥’  √Õ∫∑àÕπÈ”¥’¡’‡´≈≈åÕ—°‡ ∫¡“™ÿ¡πÿ¡‡ªìπ®”π«π¡“°

A

B
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Õ∏‘∫“¬«à“  ¿Ÿ¡‘µâ“π∑“π¢Õß‚Œ µåµàÕæ¬“∏‘¡’ à«π ”§—≠„π
°“√∑”„Àâ‡°‘¥‚√§23,43,54,65  ‚¥¬¡’À≈—°∞“πÀ≈“¬Õ¬à“ß ‡™àπ ¡’
lymphocytes, mast cells, eosinophils ·≈– macrophages
infiltration √Õ∫ Ê periportal  area ´÷ËßµÕ∫ πÕßµàÕ·Õπµ‘‡®π
æ¬“∏‘∑’Ë·æ√àºà“π‡¬◊ËÕ∫ÿº‘«∑àÕπÈ”¥’¥—ß‰¥â°≈à“«¡“·≈â« ·≈–‡™◊ËÕ«à“
°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ„π√–¬–‡©’¬∫æ≈—π‡°‘¥®“°°√–∫«π°“√
Õ—°‡ ∫∑’Ë¡’¡“°π’Ë‡Õß  à«π°“√‡ª≈’Ë¬π·ª≈ß‡√◊ÈÕ√—ß‚¥¬‡©æ“–∑’Ë
¡’°“√µ‘¥‡™◊ÈÕ‡ªìπ‡«≈“π“π  æ¬“∏‘ ¿“æ‚¥¬‡©æ“–°“√
Õ—°‡ ∫≈¥≈ß ¡’ immunodepression ·≈– immunomodulation
°≈‰°‡À≈à“π’È‡ªìπ immunopathologic mechanisms23,54  πÕ°®“°
π’È®“°°“√»÷°…“¢Õß  Haswell-Elkins et al.43 æ∫«à“§«“¡º‘¥
ª°µ‘¢Õß∂ÿßπÈ”¥’ ‡™àπ °“√Àπ“µ—«¢Õßºπ—ß∂ÿßπÈ”¥’ „πºŸâ∑’Ëµ‘¥‡™◊ÈÕ
æ¬“∏‘„∫‰¡âµ—∫¡’§«“¡ —¡æ—π∏å°—∫√–¥—∫¢Õß parasite-specific
IgG „π´’√—¡ ·≈–¡’§«“¡ —¡æ—π∏å¡“°°«à“§«“¡√ÿπ·√ß¢Õß
°“√µ‘¥‡™◊ÈÕ
     ‡¡◊ËÕ‡√Á«Ê π’È  §≥–ºŸâ«‘®—¬®“°§≥–·æ∑¬»“ µ√å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ ‰¥â√“¬ß“π«à“  “√∑’Ëª≈àÕ¬®“°µ—«æ¬“∏‘
(excretory-secretory products)  “¡“√∂°√–µÿâπ„Àâ‡´≈≈å‡¬◊ËÕ∫ÿ
∑àÕπÈ”¥’ 66 ·≈–‡´≈≈å NIH-3T3 normal mouse fibroblast 67  ¡’
°“√·∫àßµ—«‡æ‘Ë¡¢÷Èπ®“°°“√»÷°…“„πÀ≈Õ¥∑¥≈Õß ®“°√“¬ß“π
∑—Èß Õßπ”‰ª Ÿà∑ƒ…Æ’„À¡à«à“ “√∑’ËÀ≈—Ëß®“°µ—«æ¬“∏‘„∫‰¡âµ—∫
Õ¬à“ß‡¥’¬« “¡“√∂°√–µÿâπ„Àâ‡´≈≈å·∫àßµ—«‰¥âπÕ°‡Àπ◊Õ®“°
°≈‰°®“°°“√µÕ∫ πÕß¢Õß‚Œ µå  “¡“√∂π”‰ªÕ∏‘∫“¬°≈‰°
°“√‡°‘¥ biliary cell hyperplasia  „π§π·≈– —µ«å∑¥≈Õß∑’Ëµ‘¥
‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫‰¥â  π—°«‘®—¬‡À≈à“π’È°”≈—ß»÷°…“„π√“¬
≈–‡Õ’¬¥°≈‰°°“√‡°‘¥‚√§ ÷́ËßÕ“®®–π”‰ª Ÿà°“√§âπæ∫‚¡‡≈°ÿ≈
°àÕ¡–‡√Áß (oncogenic molecules)  „πµ—«æ¬“∏‘„∫‰¡âµ—∫°Á‡ªìπ
‰ª‰¥â

ªí®®—¬¥â“π “√°àÕ¡–‡√Áß (Carcinogens)

Exogenous carcinogens
 “√°àÕ¡–‡√ÁßÀ√◊Õ “√°àÕ¡–‡√Áßµ—Èßµâπ (precursor) ™π‘¥

µà“ß Ê ∑’Ë¡πÿ…¬å‰¥â√—∫‡¢â“‰ª (exogenous carcinogens) ´÷ËßÕ“®
®–‚¥¬°“√°‘π °“√ Ÿ¥¥¡ À√◊Õ°“√ —¡º—  ¡’√“¬ß“π«à“ “¡“√∂
∑”„Àâ‡°‘¥¡–‡√Áß„π à«πµà“ß Ê ¢Õß√à“ß°“¬‰¥â·≈–¡’√“¬ß“π
 π—∫ πÿπ„π —µ«å∑¥≈Õß  „π à«π¢Õß¡–‡√Áß∑àÕπÈ”¥’¡’§«“¡
‡™◊ËÕ°—π«à“πà“®–‡°’Ë¬«æ—π°—∫°“√‰¥â√—∫ “√°àÕ¡–‡√Áß®“°Õ“À“√
À¡—°¥Õßµà“ßÊ ‡™àπ ª≈“√â“  ª≈“®àÕ¡ ª≈“‡§Á¡  ‡ªìπµâπ   “√
°àÕ¡–‡√Áß„π°≈ÿà¡π’È∑’Ë‰¥â√—∫§«“¡ π„®·≈–¡’°“√»÷°…“¡“° §◊Õ
N-nitroso compounds ´÷Ëß¡’À≈—°∞“π π—∫ πÿπ™—¥‡®π«à“
 “¡“√∂‡Àπ’Ë¬«π”„Àâ‡°‘¥¡–‡√Áß∑àÕπÈ”„π —µ«å∑¥≈Õß‰¥â‡¡◊ËÕ
„Àâ√à«¡°—∫æ¬“∏‘„∫‰¡âµ—∫¥—ß‰¥â°≈à“«¡“„πµÕπµâπ

 “√°àÕ¡–‡√Áß„π°≈ÿà¡ N -nitroso compounds À√◊Õ
‰π‚µ√´“¡’π „πÕ“À“√Õ“®‡°‘¥‰¥â®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß
nitrite ·≈– “√ª√–°Õ∫ amines ¿“¬„µâ ¿“«–∑’Ë‡ªìπ°√¥
ÕàÕπ Ê  Õ“À“√ª√–‡¿∑‡π◊ÈÕ∑’Ë¡’°“√„ à “√∂πÕ¡Õ“À“√„π°“√
À¡—°À√◊Õ‡æ‘Ë¡ ’ √√ ‡™àπ ¥‘πª√– ‘« (sodium nitrite) ¡’‚Õ°“ 
∑’Ë®–¡’°“√‡°‘¥ “√°àÕ¡–‡√Áß°≈ÿà¡π’È‰¥â À√◊Õ “√ª√–°Õ∫‡À≈à“
π’È„π√Ÿª “√ª√–°Õ∫µ—Èßµâπ ‡™àπ nitrite  “¡“√∂∑”ªØ‘°‘√‘¬“°—∫
amine „π°√–‡æ“–Õ“À“√‡°‘¥‡ªìπ dimethylnitrosamine ‰¥â
¥—ßπ—Èπ„πÀ≈“¬ª√–‡∑»®÷ß°”Àπ¥ª√‘¡“≥°“√ªπ‡ªóôÕπ¢Õß
sodium nitrite  „πÕ“À“√ ‡™àπ  ª√–‡∑»≠’ËªÿÉπ‰¡à‡°‘π  50  ppm
 à«πÕ‡¡√‘°“°”Àπ¥‰¡à‡°‘π 200 ppm „πª√–‡∑»‰∑¬‡§¬¡’
√“¬ß“π°“√µ√«®À“ª√‘¡“≥ nitrate  ·≈–  nitrite  „πÕ“À“√
™π‘¥µà“ßÊ „π¿“§Õ’ “πæ∫«à“¡’ª√‘¡“≥ Ÿß21 ¥—ß· ¥ß„π
µ“√“ß∑’Ë 5 ·µàµ√«®‰¡àæ∫‰π‚µ√´“¡’π´÷ËßÕ“®®–‡π◊ËÕß¡“®“°
‡∑§π‘§∑’Ë„™â„π°“√µ√«®«—¥‰¡à¡’§«“¡‰«‡æ’¬ßæÕ („™â‡∑§π‘§
thin layer chromatography) ‡π◊ËÕß®“°‰π‚µ√´“¡’π°«à“√âÕ¬≈–
80 ‡ªìπ volatile nitrosamine ´÷Ëß√–‡À¬‰ªÀ¡¥ Õ¬à“ß‰√°Áµ“¡
‡¡◊ËÕ‡√Á« Ê π’È¡’√“¬ß“π°“√µ√«® volatile nitrosamine „πÕ“À“√
ª√–‡¿∑À¡—°¥Õß·≈–Õ“À“√µà“ß Ê „πª√–‡∑»‰∑¬°«à“ 1,800
µ—«Õ¬à“ß ¥â«¬«‘∏’ gas chromatography ·≈– thermal energy
analyzer  æ∫«à“¡’ª√‘¡“≥ N-nitrosodimethylamine (NDMA),
N-nitrosopiperidine (NPIP) ·≈– N-nitrosopyrroridine (NPYR)
§àÕπ¢â“ß Ÿß„πª≈“ ≈‘¥µ“°·Àâß  πÕ°®“°π’È¬—ßæ∫„πª≈“√â“
·≈–ª≈“·ÀâßÕ◊ËπÊ µ—Èß·µàª√‘¡“≥‡≈Á°πâÕ¬®π∂÷ß 66.5 ‰¡‚§√°√—¡
µàÕ°‘‚≈°√—¡µ—«Õ¬à“ß  πÕ°®“°π’È¬—ßµ√«®æ∫  NDMA ·≈– NPYR
„πº—°µà“ß Ê µ—Èß·µà 1-95.1 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡µ—«Õ¬à“ß68

πÕ°®“°π’È “√ nitrate ¬—ß “¡“√∂µ√«®æ∫„π·À≈àßπÈ”µà“ß Ê
¥â«¬‡æ√“–¡’°“√„™â “√‡§¡’‚¥¬‡©æ“–ªÿÜ¬∑“ß°“√‡°…µ√ ·≈–
ªπ‡ªóôÕπ¡“„ππÈ”¥◊Ë¡  ´÷Ëßπ”‰ª Ÿà ¡¡µ‘∞“π«à“ª√–™“°√„π
¿“§Õ’ “π√—∫ª√–∑“πÕ“À“√∑—ÈßÕ“À“√ª≈“À¡—°·≈–º—°µà“ßÊ
‡ªìπª√–®”Õ“®‰¥â√—∫ “√°àÕ¡–‡√Áß À√◊Õ “√°àÕ¡–‡√Áßµ—Èßµâπ
 – ¡‡ªìπ®”π«π¡“°·≈–π”‰ª Ÿà°“√‡°‘¥¡–‡√Áß„π∑’Ë ÿ¥
Õ¬à“ß‰√°Áµ“¡§«“¡ —¡æ—π∏å√–À«à“ß°“√‰¥â√—∫ “√°àÕ¡–‡√Áß
®“°¿“¬πÕ°·≈–°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’„π¿“§Õ’ “π°Á¬—ß
‰¡à¡’√“¬ß“πÀ√◊Õ¢âÕ¡Ÿ≈„π§π∑’Ë·πà™—¥

Endogenous agents
„πªï 1994 Ohshima et al.69 ‰¥âµ—Èß ¡¡ÿµ‘∞“π‡°’Ë¬«°—∫°≈‰°

°“√‡°‘¥‚√§¡–‡√ÁßÕ—π‡π◊ËÕß®“°¿“«–µ‘¥‡™◊ÈÕÀ√◊Õ¿“«–Õ—°‡ ∫
‡√◊ÈÕ√—ß«à“ “√ nitric oxide (NO) ·≈– Õπÿ¡Ÿ≈Õ‘ √–¢Õß∏“µÿ
ÕÕ°´‘‡®π (reactive oxygen species, ROS) ∑’Ë∂Ÿ° √â“ß¢÷Èπ
‡π◊ËÕß®“°°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬™π‘¥æ÷Ëß
‡´≈≈åπ—Èπ “¡“√∂‰ª∑”≈“¬ DNA ‰¥â (‚ª√¥¥Ÿ∫∑ °≈‰°°“√
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•

‡°‘¥¡–‡√Áß∑àÕπÈ”¥’∑’Ë —¡æ—π∏å°—∫°“√µ‘¥æ¬“∏‘„∫‰¡âµ—∫‚¥¬ºà“π
∑“ßÕπÿ¡Ÿ≈Õ‘ √–)  πÕ°®“°π’È‡¡·∑∫Õ‰≈∑åÕ—π‡°‘¥®“° “√ NO
µ—« ”§—≠Õ’°µ—«Àπ÷Ëß∑’Ë∂Ÿ° √â“ß¢÷Èπ®“°ªØ‘°‘√‘¬“ nitrosation „π
‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥∑’Ë¡’°“√Õ—°‡ ∫À√◊Õµ‘¥‡™◊ÈÕ„π‡«≈“µàÕ¡“§◊Õ “√
N-nitrosodimethylamine (NDMA) °Á®—¥«à“‡ªìπ “√°àÕ¡–‡√Áß
µ—« ”§—≠∑’Ë¡’∫∑∫“∑‡ªìπÕ¬à“ß Ÿß„π°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥¡–‡√Áß
∑àÕπÈ”¥’ ∑—Èßπ’È¡’À≈—°∞“π∑’Ë™—¥‡®π· ¥ß‰«â„π —µ«å∑¥≈Õß

‚√§¡–‡√Áß∑àÕπÈ”¥’Õ—π‡°‘¥®“°æ¬“∏‘„∫‰¡âµ—∫®—¥«à“‡ªìπ
√Ÿª·∫∫ (model) ∑’Ë ”§—≠∑’Ë®–æ‘ Ÿ®πå∂÷ß ¡¡ÿµ‘∞“ππ’È„π§π‰¥â¥’
‡π◊ËÕß®“° “¡“√∂µ√«®«—¥√–¥—∫¢Õß°“√ √â“ß NO ‰¥â®“°
√–¥—∫ “√‰π‡µ√µ„π æ≈“ ¡“À√◊Õ„πªí  “«–√«¡∑—Èß√–¥—∫
‰π‰µ√µå„ππÈ”≈“¬  À√◊ÕÕ“®«—¥ªØ‘°‘√‘¬“ nitrosation ∑’Ë‡°‘¥
¢÷Èπ„π√à“ß°“¬‚¥¬„ÀâºŸâ∂Ÿ°∑¥≈Õß√—∫ª√–∑“πµ—«∑¥ Õ∫ (probe)
´÷Ëß‡ªìπ “√‡Õ¡’π∑’Ë‰¡à¡’Õ—πµ√“¬π—Ëπ§◊Õ°√¥Õ–¡‘‚π proline ‰¥â
„π∫ÿ§§≈§π‡¥’¬«°—π∑—Èß„π¿“«–‡¡◊ËÕ¡’°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡â
µ—∫·≈–¿“«–∑’Ë¢—∫æ¬“∏‘ÏÕÕ°‰ª‰¥â¥â«¬¬“ praziquantel ‚¥¬¡’
¥—™π’«—¥∑’Ë‡™◊ËÕ∂◊Õ‰¥â«à“‰¡à¡’À√◊Õ¡’°“√µ‘¥‡™◊ÈÕ¡“°πâÕ¬‡æ’¬ß„¥
¥â«¬°“√µ√«®π—∫‰¢àæ¬“∏‘„πÕÿ®®“√– (epg) °“√«‘®—¬¥—ß°≈à“«
‰¥â∑”∑’Ë§≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ∂÷ß°“√
‡Àπ’Ë¬«π”„Àâ √â“ß NO „π°≈ÿà¡ª√–™“°√‡æ»™“¬∑’Ëµ‘¥‡™◊ÈÕ
æ¬“∏‘„∫‰¡âµ—∫ √–¥—∫µà“ß Ê ®“° 14 À¡Ÿà∫â“π„π ‡¢µ 2 Õ”‡¿Õ
¢Õß®—ßÀ«—¥¢Õπ·°àπ  Haswell-Elkins et al.70  æ∫«à“¡’°“√‡æ‘Ë¡
¢÷Èπ¢Õß√–¥—∫‰π‰µ√µå„ππÈ”≈“¬√«¡∑—Èß√–¥—∫‰π‡µ√µ„π
ªí  “«– ·≈– æ≈“ ¡“„π°≈ÿà¡∑’Ë¡’°“√µ‘¥‡™◊ÈÕ æ¬“∏‘„∫‰¡âµ—∫
∑—Èß√–¥—∫ª“π°≈“ß (1000-6000 epg) ·≈–√–¥—∫ Ÿß (> 6000 epg)
‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ (o epg) ‚¥¬√–¥—∫¢Õß “√µà“ßÊ
¥—ß°≈à“«‰¥â≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕµ√«®Õ’°§√—ÈßÀπ÷Ëß À≈—ß
®“° 4 ‡¥◊Õπ ‡¡◊ËÕ‰¥â∂à“¬æ¬“∏‘ÕÕ°‰ª·≈â« ∑—Èßπ’È‰¥â¡’°“√§«∫§ÿ¡
„ÀâÕ“ “ ¡—§√∑—ÈßÀ¡¥√—∫ª√–∑“πÕ“À“√∑’Ë¡’√–¥—∫‰π‡µ√µ
„πª√‘¡“≥∑’ËµË”¡“° Ê ®÷ß √ÿª‰¥â«à“√–¥—∫‰π‡µ√µ/‰π‰µ√µå∑’Ë
‡æ‘Ë¡¢÷Èπ‡ªìπ°“√∫àß™’È∂÷ß°“√ √â“ß NO ∑’Ë‡æ‘Ë¡¢÷Èπ„π√à“ß°“¬
¢≥–∑’Ë¡’°“√µ‘¥‡™◊ÈÕ Satarug et al.71 ‰¥â√“¬ß“πµàÕ¡“∂÷ßº≈

°√–∑∫¢Õß°“√ —ß‡§√“–Àå NO ∑’Ë‡æ‘Ë¡¢÷Èππ’È‰¥âπ”‰ª Ÿà°“√
‡Àπ’Ë¬«π”„Àâ‡°‘¥ªØ‘°‘√‘¬“ nitrosation ∑’Ë‡æ‘Ë¡¢÷Èπ„π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕ
‡À≈à“π’È ‚¥¬æ∫«à“¡’√–¥—∫ N-nitrosoproline „πªí  “«–‡æ‘Ë¡
¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡À√◊Õ‡¡◊ËÕ‡«≈“ 4 ‡¥◊ÕπÀ≈—ß®“°
∂à“¬æ¬“∏‘ ‚¥¬ªØ‘°‘√‘¬“π’È®–∂Ÿ°¬—∫¬—Èß‰¥â„π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕÀ“°
„Àâ√—∫ª√–∑“π«‘µ“¡‘π´’√à«¡°—∫ proline ®“°°“√«‘‡§√“–Àå∑“ß
 ∂‘µ‘ (multivariate statistical model) ‰¥â· ¥ß„Àâ‡ÀÁπ¥â«¬«à“
√–¥—∫¢Õß thiocyanate „ππÈ”≈“¬ ´÷Ëß‡ªìπ “√°√–µÿâπªØ‘°‘√‘¬“
nitrosation  ·≈– “¡“√∂‡ªìπµ—«∫àß™’È«—¥Õ’°µ—«Àπ÷Ëß¢ÕßªØ‘°‘√‘¬“
nitrosation π—Èπ¡’§«“¡ ”§—≠‡©æ“–„π°≈ÿà¡§«∫§ÿ¡‡∑à“π—Èπ
´÷Ëß‡ªìπ°“√‡ πÕ·π–«à“°“√ √â“ß “√ nitrosating agent ®“° NO
„π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕπà“®–‡°‘¥®“° “√µ—Èßµâπ §◊Õ °√¥Õ–¡‘‚π
arginine ‚¥¬¡’‡Õπ‰´¡å nitric oxide synthase (NOS) ‡√àßªØ‘°‘√‘¬“
´÷Ëß· ¥ß„Àâ‡ÀÁπ‚¥¬∑“ßÕâÕ¡«à“ªØ‘°‘√‘¬“ endogenous nitrosa-
tion ∑’Ë‡°‘¥„π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕ‰¡à‰¥â‡°‘¥„π°√–‡æ“–Õ“À“√·µà‡°‘¥
„πµ”·Àπàß∑’Ë‡π◊ÈÕ‡¬◊ËÕ¡’°“√Õ—°‡ ∫‡ªìπ ”§—≠

πÕ°®“°π’È¬—ß‰¥â»÷°…“µàÕ‰ª∂÷ß√–¥—∫¢Õß “√°àÕ¡–‡√Áß
NDMA „πªí  “«–¢ÕßºŸâ∂Ÿ°∑¥≈Õß°≈ÿà¡‡¥‘¡72  „π¿“æ√«¡
‰¡àæ∫§«“¡·µ°µà“ß¢Õß √–¥—∫ NDMA „π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕ·≈–
‰¡àµ‘¥‡™◊ÈÕÕ¬à“ß¡’π—¬ ”§—≠ ·µàæ∫«à“√–¥—∫ NDMA ¡’§«“¡
 —¡æ—π∏åÕ¬à“ß¡“°°—∫√–¥—∫‰π‡µ√µ„π°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕ ·≈–¬—ß¡’
§«“¡ —¡æ—π∏å·∫∫º°º—π°—∫°“√‡®√‘≠¢Õß lymphocyte ¢Õß
ºŸâµ‘¥‡™◊ÈÕ∑’Ë°√–µÿâπ¥â«¬·Õπµ‘‡®π¢Õßæ¬“∏‘„∫‰¡âµ—∫„πÀ≈Õ¥
∑¥≈Õß ·¡â®–‰¡àæ∫«à“¡’§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫ NDMA
∑’Ë‡æ‘Ë¡¢÷Èπ„πºŸâµ‘¥‡™◊ÈÕ‡¡◊ËÕ‡∑’¬∫°—∫µ—«™’È«—¥Õ◊Ëπ Ê ¢ÕßªØ‘°‘√‘¬“
endogenous nitrosation  ´÷ËßÕ“®‡ªìπ‡æ√“– NDMA ¡’
ª√‘¡“≥∑’ËπâÕ¬¡“°„π√à“ß°“¬ª√–°“√Àπ÷Ëß  ·≈–Õ’°ª√–°“√
Àπ÷Ëß§◊Õ NDMA ®–∂Ÿ°‡¡·∑∫Õ‰≈ å¥â«¬‡Õπ‰´¡å CYP2E1 ·≈–
2A6 ∑’Ëµ—∫„Àâ‡ªìπ DNA methylating agent  ‚¥¬°“√®—∫°—∫ DNA
°≈“¬‡ªìπ DNA adduct ´÷Ëß¡’º≈µàÕ°“√·ª≈√À— ‚ª√µ’π·≈–
π”‰ª Ÿà°√–∫«π°“√‡°‘¥¡–‡√Áß„π∑’Ë ÿ¥  ¥—ßπ—ÈπÀ≈—°∞“π∑“ß
ÕâÕ¡∑’Ëπà“®–™à«¬¬◊π¬—π«à“ºŸâ∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫¡’°“√ √â“ß

µ“√“ß∑’Ë 5  ª√‘¡“≥  nitrates ·≈– nitrites  „πÕ“À“√™π‘¥µà“ß Ê ¢Õß¿“§Õ’ “π 21

Food No. of

species

No. of

samples

Nitrate

(ppm)

Nitrite

(ppm)

Vegetables 77 235 0-30,999 0-33
Preserved vegetables 5 14 119-21,289 0.6-82
Fruit 9 12 0-177 0.2-2
Preserved protein food 14 165 0-27,078 0.03-194
Cooked food (food on plate) 79 156 0-25,861 0-86
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NDMA  Ÿß¢÷Èπ®√‘ß§◊Õ¡’°“√‡Àπ’Ë¬«π”„π°“√∑”ß“π¢Õß CPY2E1
·≈– 2A6 ´÷Ëß “¡“√∂· ¥ß„Àâ‡ÀÁπ‰¥â∑—Èß®“°°≈ÿà¡µ‘¥‡™◊ÈÕ
æ¬“∏‘„∫‰¡âµ—∫∑—Èß„π§π·≈– —µ«å∑¥≈Õß À√◊Õ®“°µ—«Õ¬à“ß™‘Èπ
‡π◊ÈÕ¢ÕßºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’  °≈à“«§◊Õ ”À√—∫„π§π‰¥â¡’°“√
»÷°…“°“√∑”ß“π¢Õß CYP2A6 ·∫∫ in vivo ‚¥¬„Àâ°≈ÿà¡ºŸâ∂Ÿ°
∑¥≈Õß∑—Èß™“¬·≈–À≠‘ß∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫  ·≈–°≈ÿà¡
§«∫§ÿ¡√—∫ª√–∑“π¬“ coumarin ´÷Ëß∂Ÿ°‡ª≈’Ë¬π·ª≈ßÕ¬à“ß
®”‡æ“–‚¥¬‡Õπ‰´¡å CYP2A6 ‰¥â‡¡·∑∫Õ‰≈∑å 7-
hydroxycoumarin (7-HC) æ∫„πªí  “«– ®“°°“√»÷°…“æ∫
«à“°≈ÿà¡∑’Ëµ‘¥‡™◊ÈÕ¡’°“√¢—∫ 7-HC ÕÕ°¡“¡“°°«à“°≈ÿà¡‰¡àµ‘¥‡™◊ÈÕ
·µà‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘  ·≈–§«“¡·µ°µà“ßπ’È “¡“√∂‡ÀÁπ
‰¥â™—¥‡®π∂â“°≈ÿà¡ºŸâµ‘¥‡™◊ÈÕ¡’¿“«– biliary fibrosis ´÷Ëßµ√«®‰¥â
®“°¿“æ∂à“¬Õ—≈µ√“´“«πå‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡‰¡àµ‘¥‡™◊ÈÕ
πÕ°®“°π’È‡¡◊ËÕµ√«®¥Ÿ√–¥—∫ 7-HC Õ’°§√—ÈßÀπ÷ËßÀ≈—ß®“° 2 ‡¥◊Õπ
∑’Ë„Àâ°≈ÿà¡µ‘¥‡™◊ÈÕ∂à“¬æ¬“∏‘ÕÕ°‰ª·≈â« æ∫«à“¡’√–¥—∫¢Õß 7-HC
∑’Ë≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠73  °“√»÷°…“π’È®÷ß‡ªìπ°“√∫àß™’È§◊Õ
°“√‡Àπ’Ë¬«π”°“√∑”ß“π¢Õß CYP2A6 „π°≈ÿà¡∑’Ë¡’ fibrosis ¢Õß
∑àÕπÈ”¥’Õ—π∫àß∫Õ°∂÷ß¿“«–°“√µ‘¥‡™◊ÈÕ æ¬“∏‘„∫‰¡âµ—∫·∫∫
‡√◊ÈÕ√—ß  ”À√—∫°“√»÷°…“„πÀπŸ·Œ¡ ‡µÕ√å∑’Ëµ‘¥‡™◊ÈÕæ¬“∏‘
„∫‰¡âµ—∫ ‡æ◊ËÕ¥Ÿ°“√∑”ß“π¢Õß‡Õπ‰´¡å 2A8/9 (CYP2A6 „π§π)
·≈– CYP2E174  æ∫«à“°“√∑”ß“π¢Õß∑—Èß CYP2A8/9 ·≈–
CYP2E1 ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ °“√»÷°…“‡À≈à“π’È Õ¥§≈âÕß
°—∫°“√»÷°…“„π —µ«å∑¥≈Õß∑’Ëºà“π¡“69,75

°≈‰°°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’∑’Ë‡°‘¥√à«¡°—∫°“√µ‘¥

‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫

°≈‰°„π°“√‡°‘¥‚√§¡–‡√Áß∑àÕπÈ”¥’æÕ √ÿª‚¥¬ —ß‡¢ª¥—ßπ’È
‡¡◊ËÕ¡’°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
¢Õßµ—∫·≈–∑àÕπÈ”¥’ 2 ¥â“π„À≠à Ê §◊Õ ¡’°“√∑”≈“¬‡´≈≈å
‡¬◊ËÕ∫ÿº‘«∑àÕ∑“ß‡¥‘ππÈ”¥’ ®“°π—Èπ°Á¡’°“√ √â“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«
¢÷Èπ¡“∑¥·∑π„À¡à ·≈– à«πÀπ÷ËßÕ“®‡°‘¥®“°°“√°√–µÿâπ®“°
 “√§—¥À≈—Ëß®“°æ¬“∏‘‚¥¬µ√ß ‡°‘¥ epithelial hyperplasia, goblet
cell metaplasia ·≈– adenomatous hyperplasia ·≈–„π¢≥–
‡¥’¬«°—π°“√µ‘¥‡™◊ÈÕæ¬“∏‘°Á∑”„Àâ‡°‘¥°“√Õ—°‡ ∫¡“°¢÷Èπ√Õ∫Ê
∑àÕ∑“ß‡¥‘ππÈ”¥’ ‡´≈≈åÕ—°‡ ∫∑’Ë‡¢â“¡“™ÿ¡πÿ¡¡’∑—Èß macrophages,
neutrophils, eosinophils, mast cells, lymphocyte ·≈– plasma
cells ‡´≈≈åÕ—°‡ ∫‡À≈à“π’È “¡“√∂ √â“ß “√‡§¡’µà“ß Ê ‚¥¬
‡©æ“–„π “¡™π‘¥·√°¡’√“¬ß“π°“√ √â“ß nitric oxide ·≈–
oxygen free radicals  “¡“√∂∑”≈“¬ “√æ—π∏ÿ°√√¡¢Õß‡´≈≈å
‰¥â‚¥¬µ√ß À√◊Õ‡ªìπ “√µ—Èßµâπ„π°“√ √â“ß “√°àÕ¡–‡√Áß
N-nitroso compounds ‚¥¬°√–∫«π°“√ endogenous nitrosation
ºà“π‡Õπ‰´¡å iNOS  “√°àÕ¡–‡√Áß‡À≈à“π’È®–∂Ÿ°‡¡·∑‚∫‰≈∑å„Àâ

°≈“¬‡ªìπ ultimate carcinogen ‚¥¬‡Õπ‰´¡å P450 (CYP) „π
µ—∫ ‚¥¬‡©æ“–™π‘¥ CYP 2E1 ·≈– CYP 2A6 (CYP ®—¥‡ªìπ
Phase I drug metabolizing enzyme)  “√°àÕ¡–‡√Áßπ’È®–
 “¡“√∂‰ª∑”„Àâ‡°‘¥ DNA adduct „π‡´≈≈å‡¬◊ËÕ∫ÿ∑àÕπÈ”¥’∑’Ë
°”≈—ß¡’°“√·∫àß‡´≈≈å ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß “√æ—π∏ÿ°√√¡
·≈–æ—≤π“‡ªìπ¡–‡√Áß∑àÕπÈ”¥’„π∑’Ë ÿ¥  ≈”¥—∫‡Àµÿ°“√≥å°“√
‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ¡–‡√Áß∑àÕπÈ”¥’‡™◊ËÕ«à“‡ªìπ·∫∫ çdysplasia-
carcinoma sequenceé76 ‡π◊ËÕß®“°¡’°“√æ∫√Õ¬‚√§‡™àππ’È„π
‡¬◊ËÕ∫ÿ∑àÕ∑“ß‡¥‘ππÈ”¥’„πµ—∫∫√‘‡«≥∑’Ë‰¡à‰¥â‡ªìπ¡–‡√Áß·≈– à«π
∑’ËÕ¬Ÿà„°≈â∫√‘‡«≥∑’Ë‡√‘Ë¡‡ªìπ¡–‡√Áß  √“¬≈–‡Õ’¬¥¢Õß°≈‰° ‚ª√¥
¥Ÿ„π∫∑§«“¡∂—¥‰ª

ªí®®—¬Õ◊ËπÊ (Other factors)
ªí®®—¬Õ◊ËπÊ ∑’Ëπà“®–¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥¡–‡√Áß∑àÕ

πÈ”¥’„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¡’°“√»÷°…“πâÕ¬¡“° ·≈–
¢Õ √ÿªªí®®—¬∑’Ëπà“ π„®¥—ßπ’È

ªí®®—¬¥â“π∫ÿ§§≈ (Host factors)  ∑’Ë ”§—≠ §◊Õ
- Host immune responses ‡™àπ HLA type, susceptibility

gene µàÕ °“√µ‘¥‡™◊ÈÕ
- Xenobiotic metabolism ‡™àπ Xenobiotic polymorphism
- Familial/genetic susceptibility
ªí®®—¬Õ◊Ëπ Ê (Miscellaneous) ‡™àπ °“√ Ÿ∫∫ÿÀ√’Ë77

 ‘Ëß·«¥≈âÕ¡  ‡ªìπµâπ
Õ¬à“ß‰√°Áµ“¡°“√»÷°…“„π¥â“πµà“ßÊ ‡À≈à“π’È¬—ß¡’πâÕ¬

¬—ß‰¡àÕ“® √ÿª§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥¡–‡√Áß∑àÕπÈ”¥’‰¥â

Future Research
°“√«‘®—¬∑’Ë§«√¡’°“√»÷°…“¡“°¢÷Èπ §◊Õ ¥â“πªí®®—¬¥â“π

µ—«∫ÿ§§≈∑’Ë¡’§«“¡‰«„π°“√‡ªìπ‚√§ ·≈–°≈‰°°“√‡°‘¥‚√§„π
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