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ABSTARCT

Acute toxicity of MS-222 and benzocaine to Betta splendens Regan averaging 1.48 ± 0.30 g in weight

were studied.  By using Litchfield and Wilcoxon method, the results showed that the 96 hr LC50 with 95%

confidence intervals of MS-222 and benzocaine were estimated to be 176 (172.89 - 179.17) ppm and 202

(199.21 - 204.83) ppm, respectively.

The responding reaction could be divided into 4 periods: sedation, loss of equilibrium, loss of reflex

activity, and medullary collapse.  The suitable sedation concentration of MS-222 and benzocaine for 48 hours

of  fish transportation were 65-70 ppm and 80-85 ppm respectively.  The fish could recover from the two

anaesthetics within 3 to 5 minutes.

It is recommended that MS-222 and benzocaine are more suitable to be used for anaesthetizes fish

during transportation and benzocaine may be preferred as it is cheaper than MS-222.
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∫∑§—¥¬àÕ

®“°°“√«‘‡§√“–Àåæ‘…‡©’¬∫æ≈—π¢Õß MS-222

·≈– benzocaine ∑’Ë¡’µàÕª≈“°—¥∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 1.48 ±

0.3 °√—¡ ‚¥¬„™â«‘∏’¢Õß Litchfield and Wilcoxon

(1949) æ∫«à“§à“ 96 hr. LC50 ∑’Ë™à«ß§«“¡‡™◊ËÕ¡—Ëπ 95%

¢Õß MS-222 ·≈– benzocaine ¡’§à“‡∑à“°—∫ 176 (172.89-

179.17) ·≈– 202 (199.21-204.83) ppm µ“¡≈”¥—∫

≈”¥—∫¢—Èπ°“√ ≈∫¢Õßª≈“·∫àß‰¥â‡ªìπ 4 √–¬–

§◊Õ √–¬–∑’Ë 1 ¡’Õ“°“√¡÷πßß √–¬–∑’Ë 2 ¡’°“√ Ÿ≠‡ ’¬

 ¡¥ÿ≈ √–¬–∑’Ë 3 ‡ ’¬ ¡¥ÿ≈∑—ÈßÀ¡¥·≈–À¬ÿ¥‡§≈◊ËÕπ‰À«

√–¬–∑’Ë 4 ‡ªìπ√–¬–∑’ËÀ¬ÿ¥À“¬„® „π°“√∑¥ Õ∫



§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡„π°“√¢π àßª≈“ æ∫«à“ MS-

222 ∑’Ë§«“¡‡¢â¡¢âπ 65-70 ppm ·≈– benzocaine ∑’Ë

§«“¡‡¢â¡¢âπ 80-85 ppm  “¡“√∂∑”„Àâª≈“ ≈∫„π

√–¬–∑’Ë 1 ‰¥âπ“π 48 ™—Ë«‚¡ß ‚¥¬ª≈“ “¡“√∂øóôπµ—«

®“°¿“«– ≈∫¢Õß¬“ ≈∫∑—Èß 2 ™π‘¥ ¿“¬„π‡«≈“ 3-5

π“∑’

º≈°“√»÷°…“æ∫«à“ MS-222 ·≈– benzocaine

‡À¡“– ¡∑’Ë®–„™â ≈∫ª≈“°—¥√–À«à“ß¢π àß ·≈– ben-

zocaine ‡À¡“–®–„™â¡“°°«à“‡æ√“–√“§“∂Ÿ°

§”π”

°“√¢¬“¬°”≈— ßº≈‘µ¢Õßª√–‡∑»„π¿“§

°“√‡°…µ√¥â“π°“√ª√–¡ß ¡’°“√‡√àß√—¥°“√º≈‘µæ—π∏ÿå

ª≈“‡æ◊ËÕπ”‰ªª≈àÕ¬„π·À≈àßπÈ”µà“ß Ê °“√¢π àß

 —µ«åπÈ”®“°·À≈àß‡æ“–æ—π∏ÿå‰ª¬—ß·À≈àßπÈ”∑’ËµâÕß°“√®÷ß

‡ªìπ ‘Ëß®”‡ªìπ °“√„™â¬“ ≈∫™à«¬„π°“√¢π àß —µ«åπÈ”

‡ªìπ«‘∏’∑’Ë¥’«‘∏’Àπ÷Ëß ‡æ√“– —µ«åπÈ”∑’Ë¢π àß‚¥¬«‘∏’π’È®–

¬—ß§ß·¢Áß·√ß¥’ ‰¡à∫Õ∫™È”À√◊Õ¡’∫“¥·º≈„π¢≥–

¢π àß·≈– “¡“√∂∫√√®ÿ‰¥â¡“°°«à“„π ¿“æª°µ‘∂÷ß 3-

4 ‡∑à“ ∑—Èßπ’È ‡æ√“–„π¿“«– ≈∫ —µ«åπÈ”®–‰¡à¡’

ªØ‘°‘√‘¬“‚µâµÕ∫°—∫ ‘Ëß°√–µÿâπ„¥ Ê ®“°¿“¬πÕ° (Mc

Farland, 1959)

ª≈“°—¥ (Betta splendens) ‡ªìπª≈“ «¬ß“¡∑’Ë¡’

§ÿ≥§à“∑“ß‡»√…∞°‘®  “¡“√∂∑”‡ß‘πµ√“‡¢â“ª√–‡∑»

‰∑¬‰¥â¡“°‚¥¬‡©æ“–ª≈“°—¥µ—«ºŸâ´÷Ëß¡’ ’ —π «¬ß“¡

°«à“µ—«‡¡’¬ „π°“√≈¥µâπ∑ÿπ„π°“√¢π àßª≈“°—¥¡’

°“√π”¬“ ≈∫¡“„™â„π°“√¢π àß ´÷Ëß°“√‡≈◊Õ°™π‘¥

¬“ ≈∫®”‡ªìπµâÕßÀ“√–¥—∫§«“¡‡¢â¡‡¢â¡¢âπ¢Õß¬“ ≈∫

‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬¢Õßª≈“·≈–µâπ∑ÿπ∑’Ë„™â™à«¬„π°“√

¢π àß¥â«¬ (∑—»π—¬, 2526;  àß»√’, 2532; Õ√ÿ≥’·≈–§≥–,

2536)

„πª√–‡∑»‰∑¬ ®ß®‘πµå (2508) »÷°…“º≈¢Õß

MS-222 ·≈– chloretone ∑’Ë¡’µàÕª≈“ «“¬ ·≈–ª≈“

‰π ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π„π¿“™π–¢π àß æ∫«à“

MS-222 ¡’§«“¡√ÿπ·√ß°«à“ chloretone §◊Õ∑”„Àâª≈“

 ≈∫‡√Á«·≈–øóôπµ—«‡√Á«  à«π°“√„™â MS-222  ¡∑∫

°—∫ÕÕ°´‘‡®π æ∫«à“„Àâº≈¥’°«à“°“√„™â¬“ ≈∫Õ¬à“ß‡¥’¬«

„πµà“ßª√–‡∑» Marking (1967) √“¬ß“πæ‘…

¢Õß MS-222 µàÕª≈“ trout ª≈“ pike ª≈“ bluegill

·≈–ª≈“ walleye „π™à«ß‡«≈“µà“ß Ê §◊Õ 24, 48, ·≈–

96 ™—Ë«‚¡ß ·≈–æ∫«à“§à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâª≈“µ“¬

50% (LC50) „π‡«≈“ 24 ™—Ë«‚¡ß¢Õßª≈“∑—Èß 4 ™π‘¥

Õ¬Ÿà„π™à«ß 33.8-63 ppm ·≈– Durve (1970) ∑¥≈Õß

„™â¬“ ≈∫ 7 ™π‘¥¢π àß≈Ÿ°ª≈“ mullet æ∫«à“ MS-222

·≈– tertiary amyl alcohol ¡’ª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥´÷Ëß

 Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õß Lajonchere and

Moreno (1982) Sharma et al. (1978) »÷°…“º≈¢Õß

MS-222 µàÕª≈“ gambusia, mudskipper ·≈– killifish

æ∫«à“ª≈“ mudskipper ¡’§«“¡∑π∑“πµàÕ MS-222

¡“°∑’Ë ÿ¥  à«πª≈“ gambusia ·≈–ª≈“ killifish ¡’

§«“¡∑π∑“ππâÕ¬≈ß¡“µ“¡≈”¥—∫

°“√„™â benzocaine °—∫ª≈“π—Èπ Allen et al.

(1994) √“¬ß“π«à“ benzocaine ‡ªìπ¬“ ≈∫∑’Ë¡’

ª√– ‘∑∏‘¿“æ ”À√—∫ª≈“ ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß

Õÿ≥À¿Ÿ¡‘®–‡æ‘Ë¡°“√≈–≈“¬‰¥â®“° 409 mg/l ∑’Ë 5

Õß»“‡´≈‡´’¬  ∂÷ß 1,118 mg/l ∑’Ë 30 Õß»“‡´≈‡´’¬ 

Arino and Sen (1994) ∑¥≈Õß benzocaine °—∫ª≈“

gillhead seabream ‚¥¬„™â benzocaine 57 mg/l ‡ªìπ

‡«≈“ 2-3 «—π æ∫«à“ª≈“®–µ“¬À≈—ß®“°∑¥≈Õß·≈â« 20

™—Ë«‚¡ß

®“°√“¬ß“πº≈°“√»÷°…“®“°‡Õ° “√ æ∫«à“¡’

°“√π” MS-222 ¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬ ·µà MS-222

¡’√“§“·æß ·≈–§«“¡‡ªìπæ‘…µàÕª≈“·µà≈–™π‘¥µà“ß°—π

¥—ßπ—Èπ„π°“√∑¥≈Õß§√—Èßπ’È®÷ß‰¥âπ”‡Õ“ benzocaine

´÷Ë ß ‡ªìπ¬“ ≈∫∑’Ë¡’√“§“∂Ÿ°¡“»÷°…“‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ„π°“√∑”„Àâª≈“ ≈∫°—∫ MS-222 ‚¥¬

„™âª≈“°—¥ ´÷Ëß‡ªìπª≈“ «¬ß“¡∑’Ëπ‘¬¡‡≈’È¬ß∑—Èß„π·≈–
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µà“ßª√–‡∑» ‚¥¬∑¥≈ÕßÀ“æ‘…‡©’¬∫æ≈—π¢Õß MS-222

·≈– benzocaine ∑’Ë¡’µàÕª≈“°—¥„π‡«≈“ 96 ™—Ë«‚¡ß

·≈–‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß¬“ ≈∫∑’Ë∑”

„Àâª≈“°—¥ ≈∫„π√–¬–∑’Ë 1 (√–¬– sedation) „π‡«≈“

48 ™—Ë«‚¡ß √«¡∑—Èß‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√

¢π àßª≈“°—¥‚¥¬«‘∏’„™â¬“ ≈∫ ·≈–«‘∏’°“√„™â¬“ ≈∫

 ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π

Õÿª°√≥å·≈–«‘∏’°“√

„™âª≈“°—¥µ—«ºŸâ∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 1.48 ± 0.30

°√—¡ ¡“‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√ 1  —ª¥“Àå „ÀâÕ“À“√

«—π≈– 1 §√—Èß ‚¥¬‰¡àµâÕß„ÀâÕÕ°´‘‡®π °àÕπ°“√∑¥≈Õß

2 «—π ß¥„ÀâÕ“À“√ ·∫àß«‘∏’°“√∑¥≈ÕßÕÕ°‡ªìπ 3 ™ÿ¥

§◊Õ

1. °“√∑¥≈ÕßÀ“æ‘…‡©’¬∫æ≈—π¢Õß MS-222

·≈– benzocaine ∑’Ë¡’µàÕª≈“°—¥„π‡«≈“ 96 ™—Ë«‚¡ß „™â

«‘∏’™’««‘‡§√“–Àå ‡æ◊ËÕÀ“§à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâª≈“µ“¬

50% (LC50) ¿“¬„π‡«≈“ 96 ™—Ë«‚¡ßµ“¡«‘∏’¢Õß APHA

et al. (1980)

∑¥≈ÕßÀ“√–¥—∫§«“¡‡¢â¡¢âπ™à«ß°«â“ß∑’Ë∑”„Àâ

ª≈“°—¥¡’™’«‘µ√Õ¥ 100% ·≈–µ“¬ 100% ·≈â«®÷ß

∑¥≈ÕßÕ¬à“ß≈–‡Õ’¬¥‚¥¬·∫àß°≈ÿà¡∑¥≈ÕßÕÕ°‡ªìπ 2

°≈ÿà¡§◊Õ°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑¥≈Õß

1. °≈ÿà¡§«∫§ÿ¡ „™âª≈“°—¥„ππÈ”∏√√¡¥“„ à„π

∂ÿßæ≈“ µ‘°√—¥ª“°∂ÿß¥â«¬¬“ß«ß

2. °≈ÿà¡∑¥≈Õß ·∫àßª≈“°—¥ÕÕ°‡ªìπ°≈ÿà¡ Ê

≈– 20 µ—« „π·µà≈–√–¥—∫§«“¡‡¢â¡¢âπ¥—ßπ’È

°≈ÿà¡∑’Ë 2.1 „™â “√ MS-222 ∑’Ë¡’§«“¡‡¢â¡¢âπ

100, 120, 140,... 260, 280 ·≈– 300 ppm µ“¡≈”¥—∫

°≈ÿà¡∑’Ë 2.2 „™â “√ Benzocaine ∑’Ë¡’§«“¡‡¢â¡¢âπ

100, 120, 140...260,280 ·≈– 300 ppm µ“¡≈”¥—∫

 —ß‡°µ·≈–∫—π∑÷°®”π«πª≈“µ“¬¿“¬„π‡«≈“ 96

™—Ë«‚¡ß π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ªÀ“§à“§«“¡‡ªìπæ‘…∑’Ë∑”„Àâµ“¬

50% (LC50) µ“¡«‘∏’¢Õß Litchfield and Wilcoxon

(1949) §«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95%

2. °“√∑¥≈ÕßÀ“√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡

¢Õß MS-222 ·≈– benzocaine „π°“√¢π àß

π”ª≈“°—¥¡“„ à„ππÈ” 30 ¡‘≈≈‘≈‘µ√ ∑’Ë¡’ MS-

222 À√◊Õ benzocaine ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµà“ßÊ

 —ß‡°µæƒµ‘°√√¡·≈–°“√µÕ∫ πÕß¢Õßª≈“°—¥‡ªìπ

‡«≈“ 48 ™—Ë«‚¡ß ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ·≈–

∫—π∑÷°√–¬–‡«≈“„π°“√øóôπµ—«¢Õßª≈“°—¥

3. °“√∑¥≈Õß‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π

°“√¢π àßª≈“°—¥‚¥¬«‘∏’„™â¬“ ≈∫·≈–«‘∏’„™â¬“ ≈∫

 ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π

∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫¢âÕ 2. ‚¥¬·µà≈–§«“¡

‡¢â¡¢âπ„™âª≈“ 20 µ—« ·µà≈–µ—«∑¥≈Õß„π∂ÿßæ≈“ µ‘°

√—¥¥â«¬¬“ß«ß‚¥¬¡’°≈ÿà¡§«∫§ÿ¡„™âπÈ”∏√√¡¥“æ√âÕ¡

∑—ÈßÕ—¥ÕÕ°´‘ ‡®π„Àâ‰¥â —¥ à«π¢Õßª√‘¡“µ√¢Õß

 “√≈–≈“¬·≈–ÕÕ°´‘‡®π 1 „π 3  à«π°≈ÿà¡∑¥≈Õß∑’Ë 2

„™â MS-222 À√◊Õ benzocaine ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ

120, 140, 160, ... 240, 260 ·≈– 280 ppm µ“¡≈”¥—∫

 ”À√—∫°≈ÿà¡∑’Ë 3 „™â MS-222 À√◊Õ benzocaine ∑’Ë

√–¥—∫§«“¡‡¢â¡¢âπ‡¥’¬«°—∫°≈ÿà¡∑’Ë 2 æ√âÕ¡∑—ÈßÕ—¥

ÕÕ°´‘‡®π

π”ª≈“∑ÿ°°≈ÿà¡∫√√®ÿ≈ß„π°≈àÕß‚ø¡ π”‡¢â“

‡§√◊ËÕß‡¢¬à“∑’Ë 80 √Õ∫/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 

‡æ◊ËÕ‡≈’¬π·∫∫°“√¢π àß  —ß‡°µ·≈–∫—π∑÷°°“√µ“¬

¢Õßª≈“„π‡«≈“ 96 ™—Ë«‚¡ß

°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”

«‘‡§√“–Àå§ÿ≥¿“æπÈ”°àÕπ·≈–À≈—ß°“√∑¥≈Õß

§ÿ≥¿“æπÈ”∑’Ë«‘‡§√“–Àå‰¥â·°à ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë

≈–≈“¬πÈ” §«“¡‡ªìπ°√¥‡ªìπ¥à“ß Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡

°√–¥â“ß¢ÕßπÈ”
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º≈·≈–«‘®“√≥å

1. æ‘…‡©’¬∫æ≈—π¢Õß MS-222 ·≈– benzocaine ∑’Ë¡’

µàÕª≈“°—¥

1.1 ®“°°“√∑¥≈Õß æ∫«à“ MS-222 ·≈– ben-

zocaine ∑’Ë‰¡à‰¥âÕ—¥Õ“°“» ¡∑∫®–‡°‘¥‡ªìπæ‘…µàÕ

ª≈“‰¥â∂â“„™â‡°‘πª√‘¡“≥∑’Ë‡À¡“– ¡ º≈®“°°“√

ª√–¡“≥§à“ 24 h LC50 ·≈– 96 h LC50 ∑’Ë™à«ß

§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95% ¢Õß MS-222, ·≈– Benzocaine

µàÕª≈“°—¥ ‰¥âº≈µ“¡ Table 1 ®“°°“√«‘‡§√“–Àå

§ÿ≥¿“æπÈ” (Table 2) æ∫«à“§«“¡‡ªìπ°√¥‡ªìπ¥à“ßÕ¬Ÿà

„π™à«ß 6.8-7.3 ª√‘¡“≥ÕÕ° ‘́‡®π∑’Ë≈–≈“¬πÈ”Õ¬Ÿà„π™à«ß

5.5-7.2 ppm §«“¡°√–¥â“ß¢ÕßπÈ”Õ¬Ÿà„π™à«ß 304-306

ppm ·≈–Õÿ≥À¿Ÿ¡‘¡’§à“ 30 Õß»“‡´≈‡´’¬  Swingle

(1969) √“¬ß“π«à“ §«“¡‡ªìπ°√¥‡ªìπ¥à“ß∑’Ë‡À¡“– ¡

µàÕ°“√¥”√ß™’«‘µ¢Õß —µ«åπÈ”¡’§à“µ—Èß·µà 6.5-9.0

ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë≈–≈“¬πÈ”∑’Ë‡À¡“– ¡∑’Ë —µ«åπÈ”Õ¬Ÿà

‰¥âµâÕß‰¡àπâÕ¬°«à“ 5 ppm ¥—ßπ—Èπ°“√∑¥≈Õßπ’È°“√

µ“¬¢Õßª≈“°—¥®÷ßπà“®–‡ªìπº≈¡“®“°æ‘…¢Õß¬“ ≈∫

∑’Ë Ÿß‡°‘π¢π“¥

Table 2 Water quality of MS-222 and benzocaine.

Anesthesia Water quality

pH DO (ppm) Hardness (ppm) Temp (°C)

Before experiment 7.3 7.2 304 30

MS-222 After experiment 7.0 5.5 305 30

Control 7.2 7.0 305 30

Before experiment 7.2 7.2 304 30

Benzocaine After experiment 6.8 6.6 306 30

Control 7.2 7.2 306 30

Table 1 LC50 of MS-222 and benzocaine to Betta splendens at 24, 48, 72 and 96 hour (no aeration).

Anesthesia Time (hr). LC50 and 95% Confidence interval

MS-222 24 182 (179.13-187.91)

48 180 (176.99-183.06)

72 178 (175.02-181.03)

96 176 (172.89-179.17)

Benzocaine 24 212 (210.11 - 213.91)

48 202 (199.21 - 204.83)

72 202 (199.21 - 204.83)

96 202 (199.21 - 204.83)
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2. °“√∑¥≈ÕßÀ“√–¥—∫§«“¡‡¢â¡¢âπ∑’ËÀ¡“– ¡¢Õß

MS-222 ·≈– benzocaine „π°“√¢π àß

°“√ ≈∫√–¬–∑’Ë 1 (sedation) ‡ªìπ√–¬–∑’Ëª≈“¡’

Õ“°“√¡÷πßß¡’ª√–‚¬™πå¡“°„π°“√¢π àß ÷́Ëß„π°“√

∑¥≈Õß§√—Èßπ’È §«“¡‡¢â¡¢âπ¢Õß MS-222 ∑’Ë‡À¡“– ¡

∑’Ë„™â„π°“√¢π àßª≈“„π‡«≈“ 48 ™—Ë«‚¡ß‰¥â·°à §«“¡

‡¢â¡¢âπ∑’Ë 65-70 ppm (Table 3) ´÷Ëß§«“¡‡¢â¡¢âπ¢Õß

MS-222 √–¥—∫π’È‡ªìπ§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâª≈“°—¥ ≈∫

„π√–¬– sedation ́ ÷Ëß‡ªìπ√–¬–∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ∑—»π—¬

(2526) æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ¢Õß MS-222 50-55 ppm

¡’º≈∑”„Àâª≈“µ–‡æ’¬π¢“« ≈∫„π√–¬– sedation ´÷Ëß

®“°°“√∑¥≈Õß§√—Èßπ’Èæ∫«à“µâÕß„™â MS-222 ∑’Ë§«“¡

‡¢â¡¢âπ 65-70 ppm ®–∑”„Àâª≈“°—¥ ≈∫„π√–¬– seda-

tion · ¥ß«à“ª≈“°—¥‡ªìπª≈“∑’ËÕ¥∑π‡æ√“–¡’ labyrinth

organ ‡ªìπÕ«—¬«–™à«¬À“¬„® ∑”„Àâª≈“°—¥ “¡“√∂

∑πÕ¬Ÿà‰¥â„ππÈ”∑’Ë¡’ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πâÕ¬‰¥â

·≈–∑π∑“πµàÕæ‘…¢Õß¬“ ≈∫‰¥â¡“°°«à “ª≈“

µ–‡æ’¬π¢“« ·≈–¬—ß∑π∑“π¡“°°«à“ª≈“ channel cat-

fish ∑’Ë ≈∫„π√–¬–∑’Ë 1 ¥â«¬ MS-222 ∑’Ë¡’§«“¡‡¢â¡

¢âπ‡æ’¬ß 20-40 ppm (Schoettger et al., 1967)

 à«π§à“§«“¡‡¢â¡¢âπ¢Õß benzocaine ∑’Ë∑”„Àâ

ª≈“°—¥ ≈∫„π√–¬– sedation „π‡«≈“ 48 ™—Ë«‚¡ß §◊Õ

80-85 ppm (Table 4) ´÷Ëß‡ªìπ§«“¡‡¢â¡¢âπ∑’Ë‡À¡“–

 ¡∑’Ë®–„™â¢π àß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√∑¥≈Õß¢Õß

Arino and Sen (1994) ∑’Ë∑¥≈Õß„™â benzocaine

§«“¡‡¢â¡¢âπ 57 ppm °—∫ª≈“ gillhead seabream

Table 3 Suitable concentration of MS-222 for transport of Betta splendens.

Conc. of Stage of anesthesia Recovery

anesthesia minutes hour time

(ppm) 5 10 15 20 30 1 8 12 24 48 (min)

0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0

40 0 0 0 0 0 0 0 0 0 0 0

50 0 0 0 0 0 0 0 0 0 0 0

60 0 0 0 0 0 1 1 1 1 0 0

65 0 0 0 0 0 1 1 1 1 1 3

70 0 0 0 0 0 1 1 1 1 1 5

80 0 0 0 0 0 1 2 2 2 2 10

85 0 0 0 0 0 1 2 2 2 2 20

100 0 0 1 1 2 2 2 2 2 2 25

120 1 1 2 2 3 3 3 4 - - 30

130 1 2 3 3 4 4 - - - - 30

140 1 2 3 3 4 4 - - - - 30

Stage 0 : normal,   Stage 1: sedation,   Stage 2 : loss of equilibrium,   Stage 3 : loss of reflex activity,
Stage 4 : medullary collapse
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Table 4 Suitable concentration of Benzocaine for transport of Betta splendens.

Conc. of Stage of anesthesia Recovery

anesthesia Minutes Hour time

(ppm) 5 10 15 20 30 1 8 12 24 48 (min)

0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0

40 0 0 0 0 0 0 0 0 0 0 0

50 0 0 0 0 0 0 0 0 0 0 0

60 0 0 0 0 0 0 0 0 0 0 0

65 0 0 0 0 0 0 0 0 0 0 0

70 0 0 0 0 0 0 0 1 1 1 2

80 0 0 0 0 0 1 1 1 1 1 3

85 0 0 0 0 0 1 1 1 1 1 5

100 0 0 0 0 0 1 1 2 2 2 7

120 0 0 0 0 1 1 1 2 2 2 17

140 1 1 2 2 3 3 3 4 - - 15

160 1 1 2 2 3 4 - - - - 30

Stage 0 : normal,   Stage 1 : sedation,   Stage 2 : loss of equilibrium,   Stage 3 : loss of reflex activity,
Stage 4 : medullary collapse

‡ªìπ‡«≈“ 2-3 «—π ·≈â«æ∫«à“ª≈“®–µ“¬À≈—ß®“°°“√

∑¥≈Õß·≈â« 20 ™—Ë«‚¡ß ´÷Ëß· ¥ß«à“ª≈“°—¥‡ªìπª≈“∑’Ë

∑π∑“πµàÕæ‘…¢Õß benzocaine ‰¥â¡“°°«à“ª≈“ gillhead

seabream ¡“°

3. °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√¢π àßª≈“°—¥‚¥¬

«‘∏’„™â¬“ ≈∫·≈–«‘∏’°“√„™â¬“ ≈∫°—∫°“√Õ—¥ÕÕ°´‘‡®π

º≈°“√∑¥≈Õß∑’Ë‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√

¢π àßª≈“°—¥‚¥¬„™â MS-222 ·≈– benzocaine „π

 ¿“æ ¡∑∫°—∫°“√Õ—¥·≈–‰¡àÕ—¥ÕÕ°´‘‡®π„π‡«≈“ 96

™—Ë«‚¡ßª√–°Õ∫°—∫°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”‰ª¥â«¬ (Ta-

ble 5 and 6) æ∫«à“ª≈“°—¥„π°≈ÿà¡§«∫§ÿ¡¡’°“√√Õ¥

™’«‘µπâÕ¬¡“°  à«π°≈ÿà¡∑¥≈ÕßÕ◊Ëπ Ê ª≈“°—¥®–√Õ¥

™’«‘µ≈¥≈ßµ“¡ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß¬“ ≈∫∑’Ë‡æ‘Ë¡¢÷Èπ

®“°º≈°“√∑¥≈Õßæ∫«à“ °“√„™â¬“ ≈∫Õ¬à“ß

‡¥’¬«‰¡à«à“®–‡ªìπ MS-222 À√◊Õ benzocaine „Àâº≈

„°≈â‡§’¬ß°—∫°“√„™â¬“ ≈∫ ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π

·µà®–„Àâº≈¥’°«à“°≈ÿà¡§«∫§ÿ¡ (MS-222 ·µ°µà“ß°—π

∑’Ë√–¥—∫π—¬ ”§—≠ 0.05  à«π benzocaine ‰¡à¡’§«“¡

·µ°µà“ß°—π∑’Ë√–¥—∫π—¬ ”§—≠ 0.05) ¥—ßπ—Èπ®÷ß‰¡à

®” ‡ªìπ∑’Ë ®–µâÕß„™â¬“ ≈∫°—∫°“√Õ—¥ÕÕ°´‘ ‡®π

‡π◊ËÕß®“°®–∑”„Àâ ‘Èπ‡ª≈◊Õß ¬“ ≈∫∑—Èß Õß™π‘¥

 “¡“√∂„™â¢π àßª≈“°—¥‰¥â ·µà§«√„™â benzocaine

‡ªìπ¬“ ≈∫·∑π MS-222 ∂÷ß·¡â«à“®–µâÕß„™â§«“¡‡¢â¡

¢âπ∑’Ë Ÿß°«à“ MS-222 °Áµ“¡ ·µà benzocaine °Á‡ªìπ

¬“ ≈∫∑’Ë¡’√“§“∂Ÿ°°«à“ MS-222 ∂÷ß 17 ‡∑à“ (McFarlean,
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Table 5 Survival rate of Betta splendens and water quality of MS-222 and MS-222 with aeration.

Conc. Survival rate Water quality

(ppm) (%) pH DO (ppm) Hardness (ppm) Temp (°C)

Begin experiment - 7.3 7.2 304 30

140 50 7.0 7.2 304 30

140+O2* 45 7.3 7.3 300 30

160 40 7.0 7.1 305 30

160+O2* 40 7.1 7.2 302 30

180 40 7.2 7.2 304 30

180+O2* 30 7.1 7.2 303 30

200 20 7.0 7.0 306 30

200+O2* 25 7.2 7.1 303 30

220 10 7.0 7.2 305 30

220+O2* 20 7.3 7.2 303 30

240 0 7.0 7.0 305 30

240+O2* 20 7.0 7.2 300 30

Control (Fish+ O2) 10 7.0 7.3 300 30

140+O2* means fish with MS-222 140 ppm and oxygen

1968) ®÷ßπà “∑’Ë ®–π” benzocaine ¡“

∑¥≈Õß„™â∑¥·∑π MS-222 „π°“√¢π àßª≈“°—¥

 √ÿª·≈–¢âÕ‡ πÕ·π–

1. §à“ LC50 ·≈–™à«ß·Ààß§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95%

„π‡«≈“ 24 ™—Ë«‚¡ß·≈– 96 ™—Ë«‚¡ß¢Õß MS-222 ∑’Ë¡’

µàÕª≈“°—¥‡æ»ºŸâπÈ”Àπ—°‡©≈’Ë¬ 1.48 ± 0.30 °√—¡∑’ËÕÿ≥À¿Ÿ¡‘

30°C ¡’§à“‡∑à“°—∫ 182 (179.1-184.9) ppm ·≈– 176

(172.9-179.2) ppm µ“¡≈”¥—∫

2. §à“ LC50 ·≈–™à«ß·Ààß§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95%

„π‡«≈“ 24 ™—Ë«‚¡ß ·≈– 96 ™—Ë«‚¡ß¢Õß benzocaine

∑’Ë¡’µàÕª≈“°—¥‡æ»ºŸâπÈ”Àπ—°‡©≈’Ë¬ 1.48 ± 0.30 °√—¡ ∑’Ë

Õÿ≥À¿Ÿ¡‘ 30°C ¡’§à“‡∑à“°—∫ 212 (210.1 - 213.91) ppm

·≈– 202 (199.2-204.8) ppm µ“¡≈”¥—∫

3. §«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß MS-222 ∑’Ë®–

π”‰ª„™â¢π àßª≈“°—¥‡æ»ºŸâ„π‡«≈“ 48 ™—Ë«‚¡ß §◊Õ 65-

70 ppm

4. §«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß benzocaine ∑’Ë

®–π”‰ª„™â¢π àßª≈“°—¥‡æ»ºŸâ„π‡«≈“ 48 ™—Ë«‚¡ß §◊Õ

80-85 ppm

5. „π°“√¢π àß‚¥¬„™â¬“ ≈∫ 2 ™π‘¥π’È‰¡à

®”‡ªìπµâÕßÕ—¥ÕÕ°´‘‡®π ¡∑∫‡æ√“–®–∑”„Àâ ‘Èπ‡ª≈◊Õß

‡π◊ËÕß®“°°“√„™â¬“ ≈∫Õ¬à“ß‡¥’¬«¡’ª√– ‘∑∏‘¿“æ„°≈â

‡§’¬ß°—∫°“√„™â¬“ ≈∫ ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π

6. ¬“ ≈∫ benzocaine ‡ªìπ¬“ ≈∫∑’Ë‡À¡“–

 ¡„™â¢π àßª≈“°—¥·∑π MS-222 ‰¥â
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Table 6 Survival rate of Betta splendens and water quality of benzocaine and benzocaine with aeration

Conc. Survival rate Water quality

(ppm) (%) pH DO (ppm) Hardness (ppm) Temp (°C)

Begin experiment - 7.2 7.2 304 30

180 75 7.3 7.2 305 30

180+O2* 90 7.3 7.2 300 30

200 55 7.0 7.0 305 30

200+O2* 70 7.1 7.2 302 30

220 0 7.0 7.1 304 30

220+O2* 10 7.2 7.2 302 30

240 0 7.3 7.0 305 30

240+O2* 0 7.0 7.2 300 30

260 0 7.1 7.1 303 30

260+O2* 0 7.3 7.1 302 30

280 0 7.0 7.2 303 30

280+O2* 0 7.0 7.2 303 30

Control (fish +O2) 25 7.0 7.2 300 30

180+O2* means fish with benzocaine 180 ppm and oxygen

‡Õ° “√Õâ“ßÕ‘ß

®ß®‘πµå ∑—∫∑‘¡‰∑¬. 2508. °“√„™â¬“ ≈∫°—∫ª≈“‰π

·≈–ª≈“ «“¬ ¡∑∫°—∫°“√Õ—¥ÕÕ°´‘‡®π„π

¿“™π–¢π àß. «‘∑¬“π‘æπ∏åª√‘≠≠“µ√’. ¡À“-

«‘∑¬“≈—¬‡°…µ√»“ µ√å, °√ÿß‡∑æœ.

∑—»π—¬ ÕàÕß “§√. 2526. º≈¢Õß¬“ ≈∫∫“ß™π‘¥∑’Ë¡’µàÕ

°“√¢π àß≈”‡≈’¬ßª≈“µ–‡æ’¬π¢“« (Puntius

gonionouts Bleeker). «‘∑¬“π‘æπ∏åª√‘≠≠“‚∑.

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å, °√ÿß‡∑æœ.

 àß»√’ ¡À“ «— ¥‘Ï. 2532. °“√„™â‡°≈◊Õ·°ß·≈–¬“ ≈∫

MS-222 „π°“√¢π àßª≈“°—¥¢π“¥«—¬√ÿàπ. «.

‡°…µ√»“ µ√å («‘∑¬.) 23: 349-357.

Õ√ÿ≥’  ¡¡≥’,  ∂“æ√ ‡°‘¥‡°√’¬ß‰°√, ·≈–»¬“¡æß…å

æß…å¥”. 2536. º≈¢Õß Quinaldine ·≈– Tertiary

Amyl Alcohol ∑’Ë¡’µàÕ°“√¢π àßª≈“°—¥, π. 828-

829. „π∫∑§—¥¬àÕ°“√ª√–™ÿ¡«‘™“°“√∑“ß

«‘∑¬“»“ µ√å·Ààßª√–‡∑»‰∑¬ §√—Èß∑’Ë 19. °√ÿß‡∑æœ.

Allen, J.L., G. Vang, S. Stecge, and S. Xilong. 1994.

Solubility of benzocaine in freshwater. Progres-

sive Fish Culturist. 56:145-146.

APHA, AWWA and WPCF. 1980. Standard methods

for the examination of water and wastewater.

15th ed. American Public Health Association.

Washington, D.C.

Arino, E. and A. Sen. 1994. In-Vivo effects of the

anesthetic, benzocaine, on liver microsomal

cytochrome-P450 and mixed function on oxi-

dase activition of gillhead seabream. Compara-

tive Biochemistry and Physiology C-Pharmacol-



376 «. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 3

ogy Toxicology and Endocrinology. 109 : 339-

404.

Durve, V.S. 1970. Effects of anesthetics on the

behavior of mullet fingerlings and the scope of

using theses in different fishery procedures II.

Indian J. Fish. 13 : 158-182.

Lajonchere, L.A. and B.G. Moreno. 1982. Effects of

some anesthetics on postlarval of Mugil trichodon

Poey (pisces, mugilidae) for their transportation.

Aquaculture 28 : 385-390.

Litchfield. J.T. and F.Wilcoxon. 1949. A simplified

method of evaluating dose-effect experiments. J.

Pharmacol. Exp. Ther. 96 : 99-113.

Marking, L.L. 1967. Toxicology of quinaldine to

selected fishes. U.S. Fish. Wildl. Serv., Invest

Fish Control. 18 : 1-10.

Mc Farland, W.N. 1959. A study of the effects of

anesthetics on the behavior and physiology of

fishes. Pubs.Inst. Mar. Sci. 6:23-55.

Mc Farlean, A.J. 1968. Ethyl-p-aminobenzoate : an

anesthetic for cold blooded vertebrates. Copeia

: 239-240.

Schoettger, R.A. and A.M. Julin. 1967. Efficacy of

MS-222 as an anesthetic on four salmonids. U.S.

Fish.Wildl. Serv., Invest Fish Control. 13 : 1-15.

Sharma, KP., SlK. Al-Nasiri, and M.N. Bhatli. 1978.

Toxicity and efficacy of MS-222 on three fishes

of Irag. Bangladesh J. Zool. 6 : 107-112.

Swingle, H.S. 1969. Method for Analysis of Water,

Organic Matter and Pond Bottom Soils Used in

Fisheries Research. Auburn Univ, Auburn. 119 p.

«—π√—∫‡√◊ËÕß : 12 æ.¬. 41

«—π√—∫µ’æ‘¡æå : 27 ¡.§. 42


