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Abstract
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Fish immunostimulants are important substances useful to control infectious fish diseases and are

substantially beneficial to the aquaculture business and environment.

This literature review covers the results of using fish immune modulators, including bacteria

and bacterial derivatives, adjuvants, chitin, glucan, vitamin, and other synthetic materials.  These immu-

nostimulants enhance the activities of phagocytotic cells, stimulate the immunological cells to create more

lysozymes and more antibodies, enhance the complement efficiency in fish and eventually increase the

abilities to prevent bacterial infection. These responses are able to prevent fish from succumbing to various

infectious diseases.
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 “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πª≈“

«.  ß¢≈“π§√‘π∑√å «∑∑. 2545 24(4) : 739-747

 “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π (immunostimulant) ¡’§«“¡ ”§—≠„π°“√§«∫§ÿ¡ªÑÕß°—π‚√§ª≈“  ‡ªìπª√–‚¬™πåµàÕ

∏ÿ√°‘®°“√‡æ“–‡≈’È¬ß·≈– ‘Ëß·«¥≈âÕ¡  ∫∑§«“¡π’È®–‡ªìπ°“√√«∫√«¡º≈¢Õß°“√„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π™π‘¥µà“ßÊ ´÷Ëß

ª√–°Õ∫¥â«¬·∫§∑’‡√’¬·≈– à«πª√–°Õ∫¢Õß‡´≈≈å·∫§∑’‡√’¬  ·Õ¥®Ÿ·«π∑å  ‰§µ‘π  °≈Ÿ·§π  «‘µ“¡‘π·≈– “√ —ß‡§√“–Àå

µà“ßÊ  ‚¥¬ “√°√–µÿâπ‡À≈à“π’È à«π„À≠à®–™à«¬‡æ‘Ë¡°“√∑”ß“π¢Õß‡´≈≈å∑’Ë∑”Àπâ“∑’Ë°≈◊π°‘π ‘Ëß·ª≈°ª≈Õ¡  (phagocytic

cell)   ™à«¬°√–µÿâπ°“√µÕ∫ πÕß¢Õß‡´≈≈å∑’Ë‡°’Ë¬«¢âÕß°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑”„Àâ¡’°“√‡æ‘Ë¡°“√º≈‘µ‰≈‚´‰´¡å  (lysozyme)

·≈–ª√‘¡“≥¢Õß·Õπµ‘∫Õ¥’ (antibody)  √«¡∑—Èß™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß§Õ¡æ≈’‡¡πµå (complement) ·≈–

‡æ‘Ë¡°“√¬—∫¬—Èß°“√‡°‘¥‚√§®“°°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬„πª≈“ ª√“°Ø°“√≥å‡À≈à“π’È®–¡’º≈™à«¬„Àâª≈“‡æ‘Ë¡§«“¡µâ“π∑“π

‚√§µ‘¥‡™◊ÈÕµà“ßÊ

Õÿµ “À°√√¡‡æ“–‡≈’È¬ß —µ«åπÈ”‡ªìπÕÿµ “À°√√¡∑“ß
°“√‡°…µ√∑’Ë¡’§«“¡ ”§—≠·≈–¡’°“√¢¬“¬µ—«‡æ‘Ë¡¢÷Èπ∑ÿ°Ê
ªï  ‡°…µ√°√‰¥âæ—≤π“°“√‡≈’È¬ß·∫∫Àπ“·πàπ‡æ◊ËÕ„Àâ‰¥â
º≈º≈‘µµàÕæ◊Èπ∑’Ë Ÿß¢÷Èπ ́ ÷Ëß„π ¿“æ¥—ß°≈à“«Õ“® àßº≈°√–∑∫
„π∑“ß≈∫µàÕ ÿ¢¿“æ —µ«åπÈ”  ∑”„Àâ —µ«åπÈ”‡ªìπ‚√§ßà“¬¢÷Èπ
°“√®—¥°“√∑’Ë¥’„π à«π¢Õß°“√„ÀâÕ“À“√  °“√§«∫§ÿ¡§ÿ≥¿“æ
¢ÕßπÈ”·≈–°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå‡ªìπ ‘Ëß ”§—≠∑’Ë∑”„Àâ∏ÿ√°‘®
π’È¥”‡π‘π°“√‰ª‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–¬—Ëß¬◊π  ·¡â«à“
°“√„™â “√‡§¡’·≈–¬“ªØ‘™’«π–„π°“√ªÑÕß°—π·≈–√—°…“‚√§
‡ªìπÕ’°ªí®®—¬∑’Ë¡’º≈µàÕ§«“¡ ”‡√Á®¢Õß∏ÿ√°‘®‡æ“–‡≈’È¬ß —µ«å
πÈ”  °“√„™â¬“ªØ‘™’«π–·≈– “√‡§¡’„πª√‘¡“≥∑’Ë‰¡à‡À¡“– ¡
µ‘¥µàÕ°—ππ“π  ·∫§∑’‡√’¬®–¡’°“√æ—≤π“ “¬æ—π∏ÿå∑’Ë¥◊ÈÕ¬“
∑”„Àâ°“√ªÑÕß°—π·≈–√—°…“‚√§ª≈“„π§√—ÈßµàÕ‰ª‰¡à‰¥âº≈
πÕ°®“°π’È Kruse and Sorum (1994) √“¬ß“π«à“  ¬’π
µâ“π∑“π¬“ªØ‘™’«π–¢Õß·∫§∑’‡√’¬‡À≈à“π’ÈÕ“® àßºà“π‰ª¬—ß
·∫§∑’‡√’¬∑’Ë°àÕ„Àâ‡°‘¥‚√§„πºŸâ∫√‘‚¿§‰¥â ∑”„Àâ°“√„™â¬“„π
¡πÿ…¬å„™â‰¡à‰¥âº≈„πÕπ“§µ √«¡∑—Èßªí≠À“ “√µ°§â“ß®“°
°“√„™â “√‡§¡’·≈–¬“ªØ‘™’«π–„πº≈‘µ¿—≥±å —µ«åπÈ” ·≈–
 ‘Ëß·«¥≈âÕ¡‡ªìπªí≠À“ ”§—≠∑’Ë¡’º≈°√–∑∫∑“ß‡»√…∞°‘®
¢Õß™“µ‘Õ¬Ÿà„π¢≥–π’È  ®“°ªí≠À“¥—ß°≈à“«¢â“ßµâπ‰¥âπ”‰ª Ÿà
°“√§‘¥§âπ·π«∑“ß„π°“√≈¥°“√„™âº≈‘µ¿—≥±åπ”‡¢â“æ«°
 “√‡§¡’·≈–¬“ªØ‘™’«π–   °“√„Àâ«—§´’ππà“®–‡ªìπ«‘∏’°“√

Àπ÷Ëß„π°“√≈¥ªí≠À“¥—ß°≈à“«  ·¡â«à“¡’°“√¬Õ¡√—∫«à“«—§´’π
∑’ËªÑÕß°—π‚√§„πª≈“·´≈¡Õπ„™â‰¥âº≈¥’„πµà“ßª√–‡∑» ·µà
 ”À√—∫°“√„™â«—§´’π ”À√—∫ª≈“„πª√–‡∑»‰∑¬¬—ß‰¡à·æ√à
À≈“¬    Õ“®‡π◊ËÕß¡“®“°§«“¡À≈“°À≈“¬¢Õß “¬æ—π∏ÿå
·∫§∑’‡√’¬∑’Ëæ—≤π“ª√—∫µ—«‡æ◊ËÕÀ≈’°‡≈’Ë¬ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π
 —µ«åπÈ” ‡ªìπº≈„Àâ«—§ ’́π¡’ª√– ‘∑∏‘¿“æµË”„π°“√ªÑÕß°—π‚√§
√«¡∑—Èßµâπ∑ÿπ„π°“√º≈‘µ«—§´’π ”À√—∫ª≈“πÈ”®◊¥§àÕπ¢â“ß Ÿß
„π¢≥–∑’Ë√“§“µàÕµ—«¢Õßª≈“∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®
¢Õß‰∑¬¬—ß¡’√“§“µË”‡¡◊ËÕ‡∑’¬∫°—∫ª≈“·´≈¡Õπ ´÷Ëß·¡â«à“
°ÿâß®–π”√“¬‰¥â‡¢â“ Ÿàª√–‡∑»ª√‘¡“≥¡“°    ·µà°ÿâß‰¡à¡’¿Ÿ¡‘
§ÿâ¡°—π·∫∫®”‡æ“–  °“√º≈‘µ«—§´’π ”À√—∫°ÿâß‰¡àπà“®–‡ªìπ
‰ª‰¥â    ®÷ß‰¡à‰¥â¡’·√ß¥÷ß¥Ÿ¥„Àâπ—°«‘™“°“√‰∑¬‰¥â§‘¥§âπ
«—§´’πª≈“Õ¬à“ß®√‘ß®—ß  ª√–°Õ∫°—∫¡’¢âÕ®”°—¥¥â“π§«“¡√Ÿâ
‡°’Ë¬«°—∫¿Ÿ¡‘§ÿâ¡°—π —µ«åπÈ”

°“√À“·π«∑“ß„π°“√‡æ‘Ë¡§«“¡µâ“π∑“π‚√§ ‚¥¬
‡©æ“–°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“– (nonspecific

immunity)  ‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√®—¥°“√ ÿ¢¿“æ
 —µ«åπÈ”  ®–‡ÀÁπ‰¥â«à“¡’°“√æ—≤π“ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π
À≈“¬µ—«¡“„™â„π‡™‘ßæ“≥‘™¬å·≈â« ®ÿ¥ª√– ß§å¢Õß°“√‡¢’¬π
∫∑§«“¡π’È‡æ◊ËÕ√«∫√«¡ß“π«‘®—¬‡°’Ë¬«°—∫ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡
°—πª≈“·≈–‡ªìπÕß§å§«“¡√Ÿâæ◊Èπ∞“π„ÀâºŸâ π„®‰¥â§âπ§«â“«‘®—¬
‡æ‘Ë¡‡µ‘¡µàÕ‰ª
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√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õßª≈“

‡æ◊ËÕ„Àâ‡¢â“„®º≈¢Õß°“√„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π„π
ª≈“ §«√∑√“∫∂÷ß§«“¡√Ÿâæ◊Èπ∞“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—πª≈“
°àÕπ ¿Ÿ¡‘§ÿâ¡°—π¢Õßª≈“¡’≈—°…≥–∑—Ë«‰ª§≈â“¬°—∫ —µ«å‡≈’È¬ß
≈Ÿ°¥â«¬π¡ (Sakai et al. 1999 ·≈– Vadstein 1997)

Vadstein (1997) °≈à“««à“ ¿Ÿ¡‘§ÿâ¡°—πª≈“¡’°“√æ—≤π“∑’Ë‰¡à¥’
 à«π„À≠à ÿ¢¿“æ¢Õßª≈“®–¢÷ÈπÕ¬Ÿà°—∫¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à
®”‡æ“– (nonspecific immunity) ´÷Ëß¿Ÿ¡‘§ÿâ¡°—π™π‘¥π’È
‰¡à®”‡ªìπµâÕß‰¥â√—∫·Õπµ‘‡®πÀ√◊Õ‡™◊ÈÕ‚√§°àÕπ∑’Ë®–‡°‘¥°“√
µÕ∫ πÕß  ¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–∂◊Õ‡ªìπ¥à“π·√°„π
°“√ªÑÕß°—π°“√‡¢â“∑”≈“¬¢Õß‡™◊ÈÕ‚√§µà“ßÊ   ·≈–¡’°“√
µÕ∫ πÕßÕ¬à“ß√«¥‡√Á«‡æ◊ËÕªÑÕß°—π°“√∫ÿ°√ÿ°¢Õß‡™◊ÈÕ‚√§
À≈“°™π‘¥   π—°«‘∑¬“»“ µ√å∑à“ππ’È¬—ß‰¥âµ—Èß¢âÕ —ß‡°µ«à“
¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–Õ“®®–‡ªìπ¿Ÿ¡‘§ÿâ¡°—πÀ≈—°„π°“√
ªÑÕß°—π°“√√–∫“¥¢Õß‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å„πª≈“«—¬
ÕàÕπ ·¡â«à“¿Ÿ¡‘§ÿâ¡°—π·∫∫®”‡æ“– (specific immunity) ¡’
°“√æ—≤π“™â“°«à“¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–„π°“√ªÑÕß°—π
°“√µ‘¥‡™◊ÈÕ„π§√—Èß·√°   ·µà®–¡’§«“¡®” (immunological

memory)   ∑”„Àâª≈“ “¡“√∂µÕ∫ πÕßµàÕ°“√°√–µÿâπ
Õ¬à“ß√«¥‡√Á«·≈–ª√– ‘∑∏‘¿“æ Ÿß¡“°  À“°‰¥â —¡º— °—∫
·Õπµ‘‡®πÀ√◊Õ‡™◊ÈÕ‚√§‡¥’¬«°—π„π§√—ÈßµàÕ‰ª  Õ¬à“ß‰√°Áµ“¡
‰¡à “¡“√∂·¬°¿Ÿ¡‘§ÿâ¡°—π∑—Èß Õß™π‘¥π’ÈÕÕ°®“°°—πÕ¬à“ß
 ‘Èπ‡™‘ß‡æ√“–¿Ÿ¡‘§ÿâ¡°—π∑—Èß Õß√–∫∫¡’°“√∑”ß“π∑’Ë√à«¡°—π

¿Ÿ¡‘§ÿâ¡°—π∑—Èß Õß™π‘¥¬—ß·∫àß‰¥âµ“¡≈—°…≥–°“√
∑”ß“π ‰¥â 2 ™π‘¥  §◊Õ ¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°’Ë¬«°—∫‡´≈≈å (cell-

mediated immunity)  ·≈–¿Ÿ¡‘§ÿâ¡°—π “√πÈ” (humoral

immunity) ¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°’Ë¬«¢âÕß°—∫‡´≈≈å ®–ª√–°Õ∫¥â«¬
‡´≈≈å∑’Ë∑”Àπâ“∑’Ë„π°“√®—∫°‘π ‘Ëß·ª≈°ª≈Õ¡ (phagocyto-

tic cell) ‰¥â·°à ¡“‚§√ø“® (macrophage) ·≈–π‘«‚µ√øî≈
(neutrophil)   Evans and Jaso-Friedmann (1992)

°≈à“««à“  ª≈“ “¡“√∂º≈‘µ‡´≈≈å∑’Ë‡√’¬°«à“  nonspecific

cytotoxic cell (NCC)  ´÷Ëß∑”Àπâ“∑’Ë§≈â“¬°—∫‡´≈≈å‡¡Á¥
‡≈◊Õ¥¢“«¢Õß —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡∑’Ë¡’§«“¡ “¡“√∂„π°“√
∑”≈“¬‡´≈≈å∑’Ëµ‘¥‡™◊ÈÕ‰«√— À√◊Õ‡´≈≈å¡–‡√Áß [natural killer

(NK) cell] πÕ°®“°π’Èª≈“¬—ßº≈‘µ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«®”æ«°
T ·≈– B lymphocytes ´÷Ëß‡ªìπ‡´≈≈å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’§«“¡®”‡æ“–µàÕ·Õπµ‘‡®π
 ”À√—∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡ªìπ¢Õß‡À≈«„ππÈ”‡≈◊Õ¥À√◊Õ¿Ÿ¡‘§ÿâ¡°—π

 “√πÈ” (humoral immunity) ¡’À≈“¬™π‘¥  ‡™àπ (1)

§Õ¡æ≈’‡¡πµå (complement) ∑”Àπâ“∑’Ë™à«¬„π°“√∑”„Àâ
‡™◊ÈÕ·∫§∑’‡√’¬·≈–‰«√— ßà“¬µàÕ°“√∂Ÿ°∑”≈“¬‚¥¬®–™à«¬
‡ √‘¡°“√∑”ß“π°“√°≈◊π°‘π¢Õß‡´≈≈å  (phagocytosis)

ª√“°Ø°“√≥åπ’È‡√’¬°«à“ opsonization §Õ¡æ≈’‡¡πµå¬—ß
∑”„Àâ‡°‘¥°“√∑”≈“¬‡¬◊ËÕÀÿâ¡‡´≈≈å·∫§∑’‡√’¬Õ’°¥â«¬  (2)

‰≈‚´‰´¡å (lysozyme; N-acetylmuramide glycanhy-

drolase) ÷́Ëß‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë„π°“√∑”≈“¬ºπ—ß
‡´≈≈å·∫§∑’‡√’¬ (Dalmo et al. 1997)  (3)  “√∑’Ë¬—∫¬—Èß
°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ®”æ«° transferrin ·≈–‚ª√µ’π
C-reactive (CRP) ∑’ËÕ¬Ÿà„π´’√—Ë¡∑”Àπâ“∑’Ë√à«¡°—∫§Õ¡æ≈’-
‡¡πµå„π°“√™à«¬‡æ‘Ë¡§«“¡ “¡“√∂„π°“√®—∫°‘π ‘Ëß·ª≈°
ª≈Õ¡ (4) ‰´‚µ§“¬πå (cytokine) ‡ªìπ°≈ÿà¡¢Õß‚ª√µ’π∑’Ë
∑”Àπâ“∑’Ë àß —≠≠“≥„π°“√°√–µÿâπ·≈–¬—∫¬—Èß°“√∑”ß“π
¢Õß‡´≈≈å¿Ÿ¡‘§ÿâ¡°—π™π‘¥µà“ßÊ

¥—ßπ—Èπ „π°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß “√°√–µÿâπ
¿Ÿ¡‘§ÿâ¡°—π„πª≈“ πà“®–„™âµ—«∫àß™’È§«“¡ ”‡√Á®¥—ßµàÕ‰ªπ’È

1. °“√»÷°…“°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å°≈◊π°‘π
(phagocytic cell) ́ ÷Ëßµ√«® Õ∫‰¥â®“°§«“¡ “¡“√∂„π°“√
∑”≈“¬ ‘Ëß·ª≈°ª≈Õ¡·≈–°“√º≈‘µ “√‡§¡’µà“ßÊ ÕÕ°¡“
∑”„Àâ¡’º≈µàÕ°“√∑”≈“¬·≈–°“√∫ÿ°√ÿ°¢Õß‡™◊ÈÕ‚√§

2. °“√‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¶à“‡™◊ÈÕ‚√§¢Õß‡´≈≈å
¡“‚§√ø“®·≈–π‘«‚µ√øî≈ «‘∏’°“√∑”≈“¬‡™◊ÈÕ‚√§¡’‰¥âÀ≈“¬
«‘∏’´÷ËßÕ“®®–¢÷ÈπÕ¬Ÿà°—∫ÕÕ°´‘‡®πÀ√◊Õ‰¡à°Á‰¥â °“√∑”≈“¬‡™◊ÈÕ
‚¥¬Õ“»—¬ÕÕ°´‘‡®π  ‰¥â·°à reactive oxygen species

(ROS)  ´÷Ëß “¡“√∂µ√«® Õ∫‚¥¬«‘∏’°“√‡√◊Õß· ß∑“ß‡§¡’
(chemiluminescence) ·≈–°“√¬âÕ¡ ’ (nitroblue tetra-

zolium; NBT)

3. °“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« (lym-

phocyte proliferation) ·≈–‡ªÕ√å‡´Áπµå¢Õß‡¡Á¥‡≈◊Õ¥¢“«
·≈–‡¡Á¥‡≈◊Õ¥·¥ß„π‡≈◊Õ¥

4. °“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß§Õ¡æ≈’-
‡¡πµå∑’Ë Ÿß¢÷Èπ

5. √–¥—∫·≈–°“√∑”ß“π¢Õß‰≈‚´‰´¡å
6. °“√°√–µÿâπ°“√∑”ß“π¢Õß‡´≈≈å NCC  ‚¥¬

æ‘®“√≥“®“°§«“¡ “¡“√∂¢Õß‡´≈≈å¥—ß°≈à“«„π°“√∑”≈“¬
‡´≈≈å¡–‡√ÁßÀ√◊Õ‡´≈≈å∑’Ëµ‘¥‡™◊ÈÕ‰«√—  (killer cell activity)

7. À“°µâÕß°“√„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕ‡ √‘¡
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ª√– ‘∑∏‘¿“æ¢Õß«—§´’π„Àâ Ÿß¢÷Èπ   Õ“®„™âº≈º≈‘µ¢Õß
·Õπµ‘∫Õ¥’∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπµ—«∫àß™’È§«“¡ ”‡√Á®  √«¡∂÷ß§«“¡
 “¡“√∂„π°“√ªÑÕß°—π°“√‡°‘¥‚√§·≈–°“√µ“¬®“°°“√µ‘¥
‡™◊ÈÕ (challenge test)

°“√∑¥≈Õß„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π„πª≈“

π—°«‘∑¬“»“ µ√åÀ≈“¬∑à“π„Àâ§«“¡ π„®„π°“√„™â
ª√–‚¬™πåº≈‘µ¿—≥±å®“°·À≈àßµà“ßÊ ‡æ◊ËÕ™à«¬°√–µÿâπ°“√

∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ÷́Ëß‡ªìπª√–‚¬™πå„π°“√ªÑÕß°—π
‚√§ª≈“ (Table 1) Õ—π‰¥â·°à

1) °“√„™â·∫§∑’‡√’¬·≈– à«πª√–°Õ∫¢Õß

·∫§∑’‡√’¬ (bacterial derivative)

‚¥¬ª°µ‘¿Ÿ¡‘§ÿâ¡°—π®–∂Ÿ°°√–µÿâπ‡¡◊ËÕ¡’ ‘Ëß·ª≈°
ª≈Õ¡ ‚¥¬‡©æ“–æ«°‡™◊ÈÕ‚√§µà“ßÊ ‡¢â“ Ÿà√à“ß°“¬ ·µà°“√
°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‚¥¬„™â‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë∑”„ÀâÕàÕπ°”≈—ß≈ß
(attenuation)   ´÷Ëß∑”‰¥â‚¥¬°“√„™â§«“¡√âÕπÀ√◊Õ°“√„™â

Table 1. Fish immunostimulant

Fish immunostimulant    Fish species   Administration   Results               References

Bacteria and derivative
    products

Adjuvants

Chitin

Glucan

Vitamin C

Vitamin E

Spirulina sp.

Psidium guajava
Momordica charantina

Growth hormone

Levamisole

Rainbow trout
Channel catfish
Coho salmon

Turbot
Trout

Rainbow trout

Yellowtail

Channel catfish

Atlantic salmon

Channel catfish

Atlantic salmon

Channel catfish

In vitro test

Rainbow trout

Rainbow trout

immersion
immersion
injection

injection
injection

injection

injection

injection

mixed feed

mixed feed

mixed feed

mixed feed

injection

injection

Increase resistance to Streptococcus sp.
stimulate B lymphocyte proliferation
Increase resistance to A. salmonicida

Increase antibody
Increase resistance to V. anguillarum

Enhance macrophage activities and
increase resistance to V. anguillarum
Increase resistance to P. piscicida

Increase resistance to E. ictaluri

Increase resistance to V. anguillarum

Increase resistance to E. tarda

Increase resistance to A. salmonicida

Increase in phagocytotic cells

Inhibit A. hydrophila growth in vitro

Increase resistance to V. anguillarum

Increase resistance to V. anguillarum

Sakai (1999)
Clem et al. (1985)
Oliver et al. (1985)

Estevez et al. (1994)
Kijita et al. (1992)

Sakai et al. (1992)

Kawakami et al.
(1998)

Chen and
Ainsworth (1992)

Jenney and
Anderson (1993)

Li and Lovell
    (1985)

Hardie et al.
(1990)

Duncan and
Klesius (1996b)

Direkbusarakom
(1998)

Sakai (1997)

Kajita et al.
(1990)
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øÕ√å¡“≈‘π‡æ◊ËÕæ—≤π“«—§´’π ‚¥¬¬—ß§ß„Àâ·∫§∑’‡√’¬¡’§«“¡
 “¡“√∂„π°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—ππ—ÈπÕ“® àßº≈‡ ’¬µàÕª≈“
‡π◊ËÕß®“°‡™◊ÈÕ¥—ß°≈à“«Õ“®®–‡ª≈’Ë¬π ¿“æ‡ªìπ‡™◊ÈÕ∑’Ë¡’§«“¡
√ÿπ·√ß·≈–°àÕ„Àâ‡°‘¥‚√§‰¥â √«¡∑—Èßª≈“∑’Ë„Àâ«—§´’πÕ“®‡ªìπ
æ“À–π”‡™◊ÈÕ‚√§‰ª¬—ßª≈“∑’ËÕ“»—¬Õ¬Ÿà„π·À≈àß∑’Ë‰¡à¡’ª√–«—µ‘
°“√√–∫“¥¢Õß‡™◊ÈÕ‚√§π—ÈπÊ   Õ¬à“ß‰√°Áµ“¡ ¡’√“¬ß“π
§«“¡ ”‡√Á®¢Õß°“√„™â«—§´’π ”À√—∫ª≈“„πµà“ßª√–‡∑»
‡ªìπµâπ«à“ Sakai (1999) °≈à“««à“ «—§´’π∑’Ë‡µ√’¬¡®“°‡™◊ÈÕ
·∫§∑’‡√’¬«‘∫√‘‚Õ Vibrio anguillarum (Vibrio bacterin)

‡ªìπ«—§´’π∑’Ë‰¥âº≈¥’¡“°∑’Ë ÿ¥ ”À√—∫ª≈“·´≈¡Õπ ‰¡à«à“®–
‡ªìπ°“√„Àâ‚¥¬°“√©’¥ °“√„Àâ∑“ßª“°·≈–°“√®ÿà¡ ‡¢“‰¥â
√“¬ß“πµàÕ‰ª«à“  ª≈“·√π‚∫«å‡∑√“∑å (Oncorhynchus

mykiss)  ∑’Ë®ÿà¡„π«—§´’π∑’Ë‡µ√’¬¡®“°‡™◊ÈÕ V. anguillarum

¬—ß “¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ°“√µ“¬®“°°“√µ‘¥‡™◊ÈÕ
·∫§∑’‡√’¬ Streptococcus sp. ®“°‡Àµÿ°“√≥åπ’È· ¥ß„Àâ
‡ÀÁπ«à“ «—§´’ππÕ°®“°®–°√–µÿâπ°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫
®”‡æ“–·≈â«¬—ß “¡“√∂°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–¥â«¬
°“√°√–µÿâπ¥—ß°≈à“«Õ“®‡°‘¥®“° à«π¢Õßºπ—ß‡´≈≈å·∫§∑’‡√’¬
°“√„™â à«πª√–°Õ∫‡æ’¬ß∫“ß à«π¢Õß·∫§∑’‡√’¬‡æ◊ËÕ°√–µÿâπ
¿Ÿ¡‘§ÿâ¡°—ππ’È®–™à«¬≈¥ªí≠À“°“√·ª√ ¿“æ¢Õß·∫§∑’‡√’¬
∑’ËÕàÕπ°”≈—ß‰ª‡ªìπ‡™◊ÈÕ∑’Ë¡’§«“¡√ÿπ·√ß‰¥â  µ—«Õ¬à“ß ‡™àπ
Clem ·≈–§≥– (1985) °≈à“««à“ LPS (lipopolysac-

charide) ´÷Ëß‡ªìπ à«πª√–°Õ∫¢Õßºπ—ß‡´≈≈å™—ÈππÕ°¢Õß
·∫§∑’‡√’¬·°√¡≈∫  “¡“√∂°√–µÿâπ°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å
B lymphocyte Õ—π‡ªìπ‡´≈≈å∑’Ë∑”Àπâ“∑’Ë √â“ß·Õπµ‘∫Õ¥’
·≈– LPS ¬—ß°√–µÿâπ°“√‡æ‘Ë¡º≈º≈‘µ¢Õß‚ª√µ’π∑’Ë¡’≈—°…≥–
§≈â“¬ interleukin 1 ®“°‡´≈≈å‚¡‚π‰´πå (monocyte) ¢Õß
ª≈“°¥Õ‡¡√‘°—π (Ictalurus punctatus) Sakai (1999)

√“¬ß“π«à“ Muramyl dipeptide  (MDP; N-acetyl-

muramyl-L-alanyl-D-isoglutamine) ®“°‡™◊ÈÕ·∫§∑’‡√’¬
·°√¡∫«° Mycobacterium  “¡“√∂°√–µÿâπ¡“‚§√ø“®
‡´≈≈å∑’Ë √â“ß·Õπµ‘∫Õ¥’ (B lymphocyte) ·≈– alternative

pathway ¢Õß§Õ¡æ≈’‡¡πµå„πÀπŸ Oliver et al. (1985)

√“¬ß“π«à“ ª≈“‚§‚Œ·´≈¡Õπ (Oncorhynchus kisutch)

∑’Ë‰¥â√—∫°“√ à«πº ¡¢Õß MDP „π Freund’s incomplete

adjuvant ¡’°“√‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ‡™◊ÈÕ A. salmonicida

∂÷ß 47 ‡∑à“

2)  “√‡ √‘¡ªØ‘°‘√‘¬“°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π

À√◊Õ·Õ¥®Ÿ·«π∑å (adjuvant)

Anderson (1996)  °≈à“««à“  ·Õπ®Ÿ·«π∑å∑”
Àπâ“∑’Ë‡ªìπ∑’Ë‡°Á∫·Õπµ‘‡®π (antigen reservoir)   ‚¥¬
·Õ¥®Ÿ·«π∑å®–‰ª®—∫°—∫·Õπµ‘‡®π„Àâ¡’Õπÿ¿“§„À≠à¢÷Èπ ∑”„Àâ
·Õπµ‘‡®πÕ¬Ÿà„π√à“ß°“¬‰¥âπ“π¢÷Èπ  ·≈â«§àÕ¬Ê ª≈àÕ¬ÕÕ°
¡“°√–µÿâπ‡´≈≈å¿Ÿ¡‘§ÿâ¡°—π™π‘¥µà“ßÊ   ¥—ßπ—Èπ®÷ßπ‘¬¡„™â
·Õ¥®Ÿ·«π∑å‡ªìπ “√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ«—§´’π µ—«Õ¬à“ß¢Õß
·Õ¥®Ÿ·«π∑å  ‰¥â·°à  alum (aluminium hydroxide),

Freund’s complete adjuvant  (FCA;  ‡™◊ÈÕµ“¬¢Õß
Mycobacterium „π water-in-oil emulsion) Estevez

/

·≈–§≥– (1994)  √“¬ß“π«à“  ª≈“¢â“ß‡¥’¬«  (turbot;

Scophthalmus maximus) ∑’Ë©’¥¥â«¬«—§´’π∑’Ë‡µ√’¬¡®“°
V. anguillarum º ¡°—∫ FCA ®–™à«¬‡æ‘Ë¡ª√‘¡“≥
·Õπµ‘∫Õ¥’¢Õßª≈“¥—ß°≈à“« ‚¥¬∑’Ë‰¡à®”‡ªìπµâÕß¡’°“√©’¥
«—§´’π´È” (boost)   Õ¬à“ß‰√°Áµ“¡  Kawakmai et al.

(1998) °≈à“««à“ ª≈“ yellowtail (Seriola quinquera-

diata) ∑’Ë©’¥¥â«¬ FCA Õ¬à“ß‡¥’¬« ‰¡à‰¥â‡æ‘Ë¡§«“¡µâ“π∑“π
µàÕ°“√µ‘¥‡™◊ÈÕ Pasteurella piscicida ·¡â«à“ FCA ®–
™à«¬‡ √‘¡ª√– ‘∑∏‘¿“æ¢Õß«—§ ’́πªÑÕß°—π·∫§∑’‡√’¬„πª≈“
¥—ß°≈à“«

3) ‰§µ‘π·≈–‰§‚µ´“π (chitin and chitosan)

‰§µ‘π‡ªìπ polysaccharide ∑’Ë‡ªìπ à«πª√–°Õ∫
æ◊Èπ∞“π„π‡ª≈◊Õ°°ÿâß·≈–·¡≈ß  √«¡∑—Èß‡ªìπ à«π¢Õßºπ—ß
‡´≈≈å¢Õß “À√à“¬∫“ß™π‘¥   Sakai ·≈–§≥– (1992)

√“¬ß“π«à“ ª≈“·√π‚∫«å‡∑√“∑å∑’Ë©’¥‰§µ‘π 100 ¡°/πÈ”Àπ—°
ª≈“ 1 °° ¡’°“√°√–µÿâπ‡´≈≈å macrophage ·≈–‡æ‘Ë¡
§«“¡µâ“π∑“π„π°“√µ‘¥‡™◊ÈÕ V. anguillarum πÕ°®“°π’È
¬—ßæ∫«à“ ª≈“À“ß‡À≈◊Õß  (yellowtail;  Seriola quin-

queradiata) ∑’Ë©’¥¥â«¬‰§µ‘π “¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“π
‚√§∑’Ë‡°‘¥®“°°“√µ‘¥‡™◊ÈÕ P. piscicida À≈—ß®“°‰¥â√—∫‡™◊ÈÕ
„πÀâÕßªØ‘∫—µ‘°“√‡ªìπ‡«≈“ 45 «—π  (Kawakami et al.

1998)

‰§‚µ´“π (de-N-acetylated chitin) ¡’»—°¬-
¿“æ„π°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‡™àπ°—π ¥—ß∑’Ëæ∫µ—«Õ¬à“ß„π
ß“π«‘®—¬¢Õß Anderson ·≈–§≥– (1995) ´÷Ëß√“¬ß“π«à“
ª≈“·√π‚∫«å‡∑√“∑å∑’Ë©’¥À√◊Õ®ÿà¡„π‰§‚µ´“π¡’°“√‡æ‘Ë¡¢÷Èπ
¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‚√§ ‚¥¬ —ß‡°µ‰¥â®“° §«“¡ “¡“√∂„π
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°“√¶à“¢Õß‡´≈≈å (potential killing activity) ·≈–ª√‘¡“≥
¢ÕßÕ‘¡¡Ÿ‚π‚°≈∫≈Ÿ≈‘π√«¡ (total Ig concentration)

4) °≈Ÿ·§π (glucan)

º≈¢Õß°“√„™â°≈Ÿ·§π∑’Ë‰¥â®“°ºπ—ß‡´≈≈å¬’ µå„π
°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‰¥â√—∫°“√»÷°…“Õ¬à“ß·æ√àÀ≈“¬ Chen

·≈– Ainsworth (1992)  √“¬ß“π«à“  ª≈“°¥Õ‡¡√‘°—π
(Ictalurus  punctatus) ∑’Ë©’¥¥â«¬°≈Ÿ·§π®“°¬’ µå¡’
ª√‘¡“≥¢Õß·Õπµ‘∫Õ¥’‰µ‡µÕ√å Ÿß¢÷Èπ·≈–‡æ‘Ë¡§«“¡µâ“π∑“π
µàÕ‡™◊ÈÕ·∫§∑’‡√’¬ Edwardsiella ictaluri Jenney ·≈–
Anderson (1993) „Àâ°≈Ÿ·§πº ¡Õ“À“√·°àª≈“ Atlantic

salmon  „πÕ—µ√“ à«π 1 °√—¡/Õ“À“√ 1 °°  ‡ªìπ‡«≈“
5  —ª¥“Àå  æ∫«à“  ª≈“¥—ß°≈à“«¡’§«“¡ “¡“√∂„π°“√
µâ“π∑“π°“√µ“¬®“°°“√µ‘¥‡™◊ÈÕ V. anguillarum  ·≈–
V. salmonicida ·µà‡¡◊ËÕ Duncan and Klesius (1996a)

‰¥â∑¥≈Õß„Àâ¬’ µå°≈Ÿ·§π·°àª≈“¥—ß°≈à“«   ‚¥¬°“√º ¡
Õ“À“√„πÕ—µ√“ 2.7% ‡ªìπ‡«≈“Àπ÷Ëß —ª¥“Àå  æ∫«à“‰¡à
 “¡“√∂ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬¥—ß°≈à“« · ¥ß«à“ «‘∏’
°“√„π°“√„Àâ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π¡’º≈µàÕ°“√µÕ∫ πÕß
¢Õßª≈“ «‘∏’°“√„Àâ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡ªìπ‰ª‰¥â„π∑“ß
ªØ‘∫—µ‘ ”À√—∫ —µ«åπÈ” §◊Õ°“√„Àâ‚¥¬°“√º ¡Õ“À“√ °“√
®ÿà¡À√◊Õ°“√·™à  «‘∏’¥—ß°≈à“«™à«¬≈¥§«“¡‡§√’¬¥¢Õßª≈“
·≈– “¡“√∂ªØ‘∫—µ‘‰¥â°—∫ª≈“ª√‘¡“≥¡“°   Õ¬à“ß‰√°Áµ“¡
º≈°“√∑¥≈Õß°“√„™â°≈Ÿ·§π¬—ß§ß„Àâº≈‰¡à§ß∑’Ë  °≈à“«§◊Õ
Thompson ·≈–§≥– (1995)  ‰¥â„™â¬’ µå°≈Ÿ·§π©’¥„Àâ
ª≈“·√π‚∫«å‡∑√“∑å æ∫«à“ ª≈“¥—ß°≈à“«‰¡à “¡“√∂‡æ‘Ë¡§«“¡
µâ“π∑“π„π°“√µ‘¥‡™◊ÈÕ Vibrio anguillarum „π¢≥–∑’Ë
Sung ·≈–§≥–  (1994)   °≈à“««à“ °ÿâß°ÿ≈“¥”∑’Ë®ÿà¡„π¬’ µå
°≈Ÿ·§π (0.5 ·≈– 1.0 ¡°/≈‘µ√)  “¡“√∂‡æ‘Ë¡§«“¡µâ“π
∑“πµàÕ°“√‡°‘¥‚√§®“° V. vulnificus   Õ¬à“ß‰√°Áµ“¡
‡π◊ËÕß®“°°ÿâß‰¡à¡’¿Ÿ¡‘§ÿâ¡°—π·∫∫®”‡æ“– §«“¡ “¡“√∂„π
°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π®“°°“√„™â “√¥—ß°≈à“«„π°ÿâß®÷ßπà“®–
‡ªìπ¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–

¬’ µå°≈Ÿ·§π¬—ß¡’§«“¡ “¡“√∂„π°“√‡ √‘¡¿Ÿ¡‘
§ÿâ¡°—π (adjuvant effect) Aakre et al. (1994) °≈à“««à“
°“√„™â«—§´’π∑’Ë‡µ√’¬¡®“°‡™◊ÈÕ A. salmonicida §«∫§Ÿà‰ª
°—∫°“√„™â¬’ µå°≈Ÿ·§π„πª≈“·Õµ·≈πµ‘§·´≈¡Õπ ¡’°“√
‡æ‘Ë¡°“√µÕ∫ πÕß¢Õß·Õπµ‘∫Õ¥’ Jeney ·≈– Anderson

(1993) √“¬ß“π«à“ ª≈“‡∑√“∑å (¢π“¥ 20-30 °√—¡) ∑’Ë©’¥

100 ‰¡‚§√°√—¡¢Õß°≈Ÿ·§π‡¢â“™àÕß∑âÕßÀ√◊Õ·™à¥â«¬°≈Ÿ·§π
100 ‰¡‚§√°√—¡/¡≈  ‡ªìπ‡«≈“ 30 π“∑’√à«¡°—∫«—§´’π∑’Ë
‡µ√’¬¡®“°‡™◊ÈÕ Yersinia  ‡æ‘Ë¡§«“¡µâ“π∑“π‚√§·∫∫‰¡à
®”‡æ“–  ‚¥¬æ∫«à“®”π«π¢Õß‡¡Á¥‡≈◊Õ¥¢“«¡’ª√‘¡“≥ Ÿß
¢÷Èπ·≈–§«“¡ “¡“√∂„π°“√°≈◊π°‘π ‘Ëß·ª≈°ª≈Õ¡ Ÿß¢÷Èπ

5) «‘µ“¡‘π·≈–æ◊™™π‘¥µà“ßÊ

¡’°“√»÷°…“°—πÕ¬à“ß°«â“ß¢«“ß„π°“√„™â«‘µ“¡‘π´’
„π°“√º ¡Õ“À“√‡æ◊ËÕ‡æ‘Ë¡°“√‡®√‘≠‡µ‘∫‚µ·≈–ªÑÕß°—π‚√§
„π —µ«åπÈ” Li and Lovell (1985) √“¬ß“π«à“ ª≈“°¥
Õ‡¡√‘°—π∑’Ë„ÀâÕ“À“√∑’Ë¡’√–¥—∫¢Õß«‘µ“¡‘π´’ 3,000 ¡°/¡≈
‡ªìπ‡«≈“ 13  —ª¥“Àå  ¡’Õ—µ√“°“√µ“¬®“°‚√§∑’Ë‡°‘¥®“°
‡™◊ÈÕ·∫§∑’‡√’¬ Edwardsiella tarda πâÕ¬≈ß „π¢≥–∑’Ë
Hardie ·≈–§≥– (1991) °≈à“««à“ °“√„ÀâÕ“À“√ª≈“∑’Ë¡’
«‘µ“¡‘π´’ Ÿß (¡“°°«à“ 1,000 ¡°/¡≈)  “¡“√∂‡ √‘¡ √â“ß
¿Ÿ¡‘§ÿâ¡°—π‚√§‰¥â ‚¥¬æ∫«à“ ª≈“¡’°“√∑”ß“π¢Õß§Õ¡æ≈’-
‡¡πµå∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ «‘µ“¡‘πÕ’‡ªìπ “√ ”§—≠Õ’°
µ—«Àπ÷Ëß∑’Ë¡’»—°¬¿“æ„π°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πª≈“ Hardie

·≈–§≥– (1990) √“¬ß“π«à“ ª≈“·Õµ·≈πµ‘§·´≈¡Õπ∑’Ë
„ÀâÕ“À“√∑’Ë‰¡à¡’«‘µ“¡‘πÕ’‡æ’¬ßæÕ  ¡’Õ—µ√“°“√µ“¬‡π◊ËÕß
®“°µ‘¥‡™◊ÈÕ A. salmonicida  ¡“°°«à“Õ“À“√ ”‡√Á®√Ÿª
ª°µ‘ Wise ·≈–§≥– (1993) °≈à“««à“ ª≈“°¥Õ‡¡√‘°—π∑’Ë
‰¥â√—∫«‘µ“¡‘πÕ’„πª√‘¡“≥ Ÿß®–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√
phagocytosis ¢Õß‡¡Á¥‡≈◊Õ¥¢“«  µàÕ¡“ Wahli et al.

(1998) ∑¥≈Õß„ÀâÕ“À“√º ¡«‘µ“¡‘π´’·≈–Õ’ „πÕ—µ√“ à«π
2000:800 ppm ·°àª≈“‡∑√“∑å‡ªìπ‡«≈“ 6  —ª¥“Àå æ∫«à“
®”π«π¢Õß‡¡Á¥‡≈◊Õ¥¢“«¢Õßª≈“‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á«
À≈—ß®“°¡’°“√°√–µÿâπ¥â«¬ Concanavalin A ·≈–ª≈“¡’
Õ—µ√“°“√µ“¬≈¥≈ßÀ≈—ß®“°¡’°“√∑¥≈Õß„Àâª≈“µ‘¥‡™◊ÈÕ
‰«√— ∑’Ë°àÕ„Àâ‡°‘¥‚√§ VHS (viral hemorrhagic septi-

cemia)

Duncan and Klesius (1996b) ‰¥â∑¥≈Õß„™â
 “À√à“¬‡°≈’¬«∑Õß (Spirulina sp.) 2.7% º ¡Õ“À“√„Àâ
ª≈“°¥Õ‡¡√‘°—ππ“π 7 «—π æ∫«à“ª≈“¡’°“√µÕ∫ πÕß„π
 à«π¢Õß¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–∑’Ë Ÿß¢÷Èπ ‚¥¬ —ß‡°µ®“°
§«“¡ “¡“√∂„π°“√®—∫ ‘Ëß·ª≈°ª≈Õ¡¢Õß‡´≈≈å Ÿß¢÷Èπ ·µà
ª√‘¡“≥·Õπµ‘∫Õ¥’‰¡à·µ°µà“ß°—∫ª≈“„π™ÿ¥§«∫§ÿ¡À≈—ß®“°
„Àâ«—§´’π‡™◊ÈÕµ“¬¢Õß Edwardsiella ictaluri

Direkbusarakom ·≈–§≥– (1998) √“¬ß“π
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«à“  “√ °—¥®“°„∫Ω√—Ëß·≈–¡–√–¢’Èπ° ¡’§«“¡ “¡“√∂„π
°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ·∫§∑’‡√’¬  Aeromonas  hy-

drophila  ‚¥¬§à“§«“¡‡¢â¡¢âπµË” ÿ¥¢Õß “√ °—¥„π°“√
¬—∫¬—Èß‡™◊ÈÕ·∫§∑’‡√’¬ (MIC) ¢Õß “√ °—¥®“°„∫Ω√—Ëß  §◊Õ
0.625 ¡°/¡≈ „π¢≥–∑’Ë§à“ MIC ¢Õß “√ °—¥®“°¡–√–
¢’Èπ° §◊Õ 1.25 ¡°/¡≈

6) ŒÕ√å‚¡π‡√àß°“√‡®√‘≠‡µ‘∫‚µ (growth hormone)

Kajita et al. (1992) √“¬ß“π«à“ ŒÕ√å‚¡π‡√àß
°“√‡®√‘≠‡µ‘∫‚µ¡’§ÿ≥ ¡∫—µ‘‡ªìπµ—«°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π„πª≈“
‚¥¬‡©æ“–°“√°√–µÿâπ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«·≈–‡´≈≈å NCC

Sakai (1997) ∑¥≈Õß©’¥ŒÕ√å‚¡π‡√àß°“√‡®√‘≠‡µ‘∫‚µ„Àâ
°—∫ª≈“·√π‚∫«å‡∑√“∑å  æ∫«à“ ª≈“¡’§«“¡ “¡“√∂„π°“√
µâ“π∑“π‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ V. anguillarum  Ÿß¢÷Èπ

7)  “√ —ß‡§√“–Àå∑“ß‡§¡’ (synthetic chemicals)

Levamisole ‡ªìπ¬“°”®—¥æ¬“∏‘„π —µ«å∫°·≈–
 —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡ ¬“π’È®–‡æ‘Ë¡§«“¡ “¡“√∂„π°“√®—∫ ‘Ëß
·ª≈°ª≈Õ¡‚¥¬«‘∏’°“√°≈◊π°‘π¢Õß‡´≈≈å (phagocytosis)

¢Õß‡´≈≈åπ‘«‚µ√øî≈  ·≈–‡æ‘Ë¡®”π«π¢Õß‡´≈≈å°≈◊π°‘π
(phagotocyte) ®”π«π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«·≈–√–¥—∫¢Õß
lysozyme „π‡≈◊Õ¥   √«¡∑—Èß¡’º≈µàÕ¿Ÿ¡‘§ÿâ¡°—π‚√§¡–‡√Áß
ª≈“‚§‚Œ·´≈¡Õπ∑’Ë©’¥¥â«¬ levamisole 0.1-0.5 ¡°/°°
º ¡°—∫·Õ¥®Ÿ·«π∑å (Freund’s complete adjuvant) ®–
‡æ‘Ë¡§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ·∫§∑’‡√’¬  A. sal-

monicida (Olivier ·≈–§≥– 1985) Kajita ·≈–§≥–
(1990) √“¬ß“π«à“ ª≈“·√π‚∫«å‡∑√“∑å∑’Ë©’¥ levamisole

®–‡æ‘Ë¡°“√ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ Vibrio anguillarum ‚¥¬
 “√¥—ß°≈à“«®–‰ª‡æ‘Ë¡°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“–
Baba ·≈–§≥– (1993)   √“¬ß“π«à“ ª≈“§“√åæ∑’Ë®ÿà¡„π
levamisole 10 ‰¡‚§√°√—¡/≈‘µ√   ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
 “¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ‡™◊ÈÕ A. hydrophila  ·≈–
‡æ‘Ë¡§«“¡ “¡“√∂„π°“√ phagocytosis º≈°“√„™â leva-

misole „π°“√°√–µÿâπª≈“Õ¬Ÿà„π√–¥—∫∑’Ë¬Õ¡√—∫‰¥â ·µà¬—ß
¢“¥°“√µ√«® Õ∫∂÷ß§«“¡ª≈Õ¥¿—¬µàÕºŸâ∫√‘‚¿§ (Sakai

1999)

Jorgensen et al. (2001) √“¬ß“π«à“  à«π¢Õß¥’
‡ÕÁπ‡Õ∑’Ë √â“ß¢÷Èπ (synthetic oliogodeoxynucleotides)

´÷Ëß¡’≈”¥—∫‡∫ ‰´‚µ´’πµ“¡¥â«¬°—«π‘π (CpG)   “¡“√∂
°√–µÿâπ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«¢Õßª≈“ Atlantic salmon „Àâ

 √â“ß‰´‚µ§“¬πå∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”≈“¬‡™◊ÈÕ‰«√— 

 √ÿª·≈–«‘®“√≥å

ªí®®ÿ∫—π¡’√“¬ß“π°“√„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π„πª≈“
¡“°¢÷Èπ   ‚¥¬ª≈“∑’Ë‰¥â√—∫ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π “¡“√∂
ªÑÕß°—πµπ‡Õß®“°‚√§∑’Ë‡°‘¥®“°·∫§∑’‡√’¬  Õ—π‰¥â·°à V.

anguillarum,  V. salmonicida,  A. salmonicida  ·≈–
Streptococcus sp.  √«¡∂÷ß‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ‰«√—   ‡™àπ
Infectious hematopoietic necrosis (IHN) ·µà “√‡À≈à“
π’È‰¡à “¡“√∂ªÑÕß°—πª≈“®“°°“√µ‘¥‡™◊ÈÕ∑ÿ°™π‘¥‰¥â (Sakai

1999) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß·∫§∑’‡√’¬®”æ«° Renibacterium

salmonarum ·≈– E. ictaluri ∑’Ë¡’§«“¡ “¡“√∂∑’Ë®–À≈∫
À≈’°®“°°“√®—∫°‘π¢Õß‡´≈≈å°≈◊π°‘π ‘Ëß·ª≈°ª≈Õ¡

 “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‡À≈à“π’È¬—ß¡’º≈¥’µàÕ —µ«åπÈ”
Õ¬à“ßÕ◊Ëπ¥â«¬ ‡™àπ Sung ·≈–§≥– (1994) °≈à“««à“ °ÿâß
°ÿ≈“¥”®–¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ∑’Ë Ÿß¢÷Èπ ‡¡◊ËÕ®ÿà¡„π°≈Ÿ·§π
§«“¡‡¢â¡¢âπ 0.5, 1 ·≈– 2 ¡°/¡≈  ‡¡◊ËÕª≈“¡’§«“¡
·¢Áß·√ß·≈â«®–‡ÀÁπ‰¥â«à“ ª≈“¡’§«“¡ “¡“√∂∑πµàÕ ¿“«–
·«¥≈âÕ¡∑’Ë·ª√ª√«π‡æ‘Ë¡¢÷Èπ   ¥—ß√“¬ß“π¢Õß Boonya-

ratpalin ·≈–§≥– (1995) ∑’Ë„™â peptidoglycan º ¡
Õ“À“√„Àâ°ÿâß°ÿ≈“¥”  ·≈â«æ∫«à“ °ÿâß°ÿ≈“¥” “¡“√∂∑πµàÕ
°“√ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”∑’Ë≈¥≈ß  §«“¡‡§Á¡·≈–
§«“¡‡§√’¬¥‰¥â¡“°¢÷Èπ

√–¬–‡«≈“∑’Ë§«√®–„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π  ·≈–
√–¬–‡«≈“„π°“√ªÑÕß°—π —µ«åπÈ”®“°°“√µ‘¥‡™◊ÈÕÀ≈—ß ‘Èπ ÿ¥
°“√„Àâ “√°√–µÿâπ  ‡ªìπªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ§«“¡ ”‡√Á®
¢Õß°“√„™â “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π °≈à“«§◊Õ °“√„Àâ “√°√–µÿâπ
‡À≈à“π’È§«√°√–∑”°àÕπ°“√‡°‘¥√–∫“¥¢Õß‡™◊ÈÕ‚√§ Matsuo

·≈– Miyazano (1993) √“¬ß“π«à“ ª≈“·√π‚∫«å‡∑√“∑å∑’Ë
„Àâ°‘π peptidoglycan ‡ªìπ‡«≈“ 56 «—π‰¡à “¡“√∂ªÑÕß°—π
°“√µ“¬®“°°“√µ‘¥‡™◊ÈÕ  ·¡â«à“ª≈“∑’Ë„Àâ peptidoglycan

®”π«π 28 «—π ®– “¡“√∂‡æ‘Ë¡§«“¡ “¡“√∂„π°“√ªÑÕß°—π
‚√§°Áµ“¡ ®“°ª√“°Ø°“√≥å¥—ß°≈à“«‡ªìπµ—«∫àß™’È«à“  “√
°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π®–¡’º≈µàÕ°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à
®”‡æ“–‡ªìπÀ≈—°  ∑”„Àâ‰¡à¡’√–∫∫§«“¡®”   πÕ°®“°π’È
Sakai ·≈–§≥– (1999)  °≈à“««à“ °“√„™â “√°√–µÿâπ
¿Ÿ¡‘§ÿâ¡°—π‡À≈à“π’È„πª√‘¡“≥∑’Ë¡“°‡°‘π‰ª (overdose) ·≈–
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¬“«π“π‡°‘π‰ª®–¡’ª√– ‘∑∏‘¿“æ¥—ß°≈à“«≈¥≈ß ‚¥¬Õ“®¡’
º≈∑”„Àâ‡°‘¥¿“«–°“√‰¡àµÕ∫ πÕßµàÕ·Õπµ‘‡®ππ—ÈπÊ „π
¿“¬À≈—ß (immunological tolerance)

·¡â«à“°“√„™â¬“ªØ‘™’«π–À√◊Õ “√‡§¡’¡’ à«π ”§—≠
Õ¬à“ß¡“°„π°“√§«∫§ÿ¡°“√‡°‘¥‚√§ —µ«åπÈ” °“√„Àâ«—§´’π
°“√„™â‚æ√‰∫‚Õµ‘§ (probiotics) ·≈–°“√„™â “√°√–µÿâπ
¿Ÿ¡‘§ÿâ¡°—π πà“®–ª≈Õ¥¿—¬°«à“ §«∫§ÿ¡‚√§‚¥¬°“√„™â “√
‡§¡’·≈–¬“ªØ‘™’«π– °“√»÷°…“‡æ‘Ë¡‡µ‘¡‡°’Ë¬«°—∫°“√„™â “√
°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π√à«¡°—∫°“√„™â«—§´’π‡æ◊ËÕ∑”„Àâª√– ‘∑∏‘¿“æ
„π°“√ªÑÕß°—π‚√§¢Õß«—§´’π Ÿß¢÷Èπ‡ªìπ ‘Ëß®”‡ªìπ„π°“√
æ—≤π“«—§´’πª≈“ °“√æ—≤π“§«“¡√Ÿâ¥â“π¿Ÿ¡‘§ÿâ¡°—π —µ«åπÈ”
™à«¬ √â“ß§«“¡°√–®à“ß„π¢âÕ®”°—¥·≈–°≈‰°°“√∑”ß“π
¢Õß “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πµà“ßÊ ∑’Ë¡’º≈µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π
§«“¡√Ÿâ‡À≈à“π’È®–π”‰ª Ÿà‡§√◊ËÕß¡◊Õ∑’Ë ”§—≠„π°“√§«∫§ÿ¡
‚√§ —µ«åπÈ” À«—ß«à“ ß“π‡¢’¬π™‘Èππ’È®–™à«¬®ÿ¥ª√–°“¬„Àâπ—°
«‘®—¬‰¥â√à«¡¡◊Õ°—π„π°“√À“·π«∑“ß„π°“√»÷°…“«‘®—¬‡√◊ËÕß
π’ÈÕ¬à“ß®√‘ß®—ß  ‡æ◊ËÕ„Àâ∏ÿ√°‘®°“√‡æ“–‡≈’È¬ß —µ«åπÈ”‰¥â§ßÕ¬Ÿà
¬—Ëß¬◊π ‚¥¬‰¡à àßº≈°√–∑∫Õ¬à“ß√ÿπ·√ßµàÕ ‘Ëß·«¥≈âÕ¡·≈–
ºŸâ∫√‘‚¿§
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