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Comparative Efficacy of 5 Anesthetic Agents in the Glass Catfish

Kryptopterus vitreolus
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We investigated the anesthetic effects of MS-222 (tricaine methanesulfonate), clove oil, 2-phenoxyethanol, NaHCO,,
lidocaine-HCl and lidocaine-HCI/NaHCO, in the glass catfish Kryptopterus vitreolus. Based on the efficacy criteria
of complete anesthetic induction from 60 s to 120 s, recovery within 300 s, the lowest effective concentrations at
24°C were determined to be 60 ppm (induction 82.8+17.6 s, recovery 80.2+34.7 s) for MS-222, 40 ppm (induc-
tion 70.5+8.2 s, recovery 83.4+17.7 s) for clove oil, 250 ppm (induction 64.3+24.0 s, recovery 62.8+15.6 s) for
2-phenoxyethanol, 300 ppm (induction 127.3+13.3 s, recovery 107.5+4.8 s) for lidocaine-HCI and 200/100 ppm
(induction 81.2+17.2 s, recovery 98.3+19.7 s) for lidocaine-HCI/NaHCO,. Thus, 200/100 ppm of lidocaine-HCI/

NaHCO, was found to be an effective anesthetic agent.
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S7F=aL QItk(Glofish, 2017). ZLefu 7]& Hof s il gl
B AR AA A 7HA] AL Qlo] Al L |
7Hase wAE AU AL Qlof 25o] Frstal FE7L e
At A2 FFI ol /FE NS oAl A7l = ek
(Cho et al., 2013). FdolA|o}7| QAR Q1 3-2 W 7] (Kryptop-
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o] Fi-sto] o7o] FARE o]-8+ AL 312 (Ng and Kot-
telat, 2013), 71 A L|oF L= Ko7} Eg5}o], Dijkstra et
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(Planetcatfish, 2017). o] o] AHhFr = S 22 A 2] of] 2]k Ql-3-4t
e A7 RSk 2 T2 AEY A0 w9 vigekaL, &
5] A o] Fof Ao BAFAF Al HAREO] =2 T o]
Qlth(Peters et al., 2001). oJof| F-2|H]|7] 2] AEHAE 2|45}
5}17] 913l Saffan®, FA100 & MS-222 (Tricaine methanesulfo-
nate) 52| PFHAIE0] Aol ARE-E v Qltk(Kolomytkin et
al., 2007). ZLe{u 7] A5 ZF a3 Al e] mapgt Bk of
U= WO A 9] Foll T v AR AT 2 I EAIZE 5
A upAlof] gt At ke of Qlch

olof] i dA-tol A= 71E AN nhEA| 5 o Foll $FARE A
S 2 HAEo] Q1 5% uh3A|(MS-222, clove oil, 2-phenoxy-
ethanol , NaHCO, %! lidocaine-HCI)E th3t 5 =2 2R A
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MS-222 40-80 ppmoll 4] f-2lf7]e] ulE AZHE 2405
+77.92(40 ppm), 157.4+52.4 Z(50ppm), 82.8 £ 17.63(60
ppm), 59.1+26.9%(70 ppm) ¥ 55.5+16.8%(80 ppm)ZE &
o] MS-222 skt S7PES vhe Aol frejH o
SEEE Ao PHHT. et SBATLE 62,6-802%
2 %5 27 02§98 Hols} gl A0 ekt
(P<0.05). o]u] MS-222+= FDAO A =418t A 2 2=
o] o]520] u7]o] o 85lo] & oJopE-0 2K ThaFe ol ]
shub e 8 4 SEs B2 GAEA D A v
+= o] 9gFo] B 1E o] Qlth(Topic Popovic et al., 2012). &
Aol Al MS-222 40 ppm= A F o] 9f A7 e ol uhet vk
AZEe] Apol7) okom HiSEo k3 AlZto] S E= A
7t e o 3 ol Al= nhE At A9 gl 2] gl
E ek 1, oF 1 2o v} ¥= 5= 60-80 ppm =X, T
Hoto] uhE 35 AIZEe) "ghrt glof s w7t el 72

Table 1. Stages of anesthesia and recovery from anesthesia employed as endpoints in the present study (modified from Keene et al., 1998;

Minter et al., 2014)

stage behavior responses in fish
Anesthesia
3 Partial loss of equilibrium; swimming erratic
4 Complete loss of equilibrium, movement and reactivity
5 Medullary collapse; complete loss of opercular movement
Recovery
4 Reappearance of avoidance swimming motion and reaction in reaponse to external stimuli, but still behav-

ioural response in stolid

5 Total behavioural recovery. Normal swimming
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Table 2. Induction and recovery times in glass catfish Kryptop-
terus vitreolus anaesthetized with various concentrations of five
anesthetic agents
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Table 3. Induction and recovery times in glass catfish Kryptopterus
vitreolus anaesthetized with various concentrations of lidocaine-
HCI/NaHCO,

Induction time Recovery time

Induction time Recovery time

Dose (ppm)  pH value* (sec) (se0) Dose (mg/L) pH value* (sec) (sec)
MS-222 100/0 7.40£0.01  202.0¢63.3° 117.4%37.7°
40 7.14+0.01  240.5+77.9° 67.5£37.5° 100/100 7.97+0.04  157.5#53.4°  77.4x13.5
50 7.00£0.01  157.4£52.4° 66.4+18.5° 100/300 8.23+t0.03  78.5+10.2°  77.0%13.1°
60 6.95+0.04 82.8+17.6° 80.2+34.7°2 100/500 8.35+0.01 53.4+5.8 101.0+32.4%
70 6821001  591:269°  69.7:20.% 200/0 7213001  187.7465.6° 100.8£33.5°
80 6.76:0.01  55.5+168° 6264253 200/50 756£0.03  86.6+13.7°  93.4+24.8°
Clove ol 200/100 7.80:001  81.2+17.2>  98.3+19.7
20 7.79:0.01  125.2469.9° 76.2432.7°
20 7 84001 07 0L1805 749507 6 200/200 800:001  660:254° 97.0822.%°
*The pH value of tap water used in the laboratory was 7.90+0.04.
40 7.75£0.01 70.5£8.20 83.4£17.7°
50 7.74+000  67.3x17.5°  155.550.3° 673 17.52(50 ppm) 2 T2HE]0] 20-50ppm o14Fe] 0]
Z-phenoxyethanol Az clove oil 527H oI55 A kA AR Skt
200 7.70£0.01 132.6+44.2° 44.6x14.8 U, 0] Z7}o]| w2 9-0]#] 0] Zpo]= ¢l A 0 & BFolE|Q]
225 7.70+0.02 109.0+40.42 52.3£30.7° TH(P<0.05). T3k 3|2 A 7R 20-40 ppme] -, 74.2-83.4%
250 7.68+0.01 64.3£24.0° 62.8+15.6% 2 olg] o] T 27} uh2 8-0]7 xjo|= FHolE]z] §kero
275 7.5810.01 58.619.6° 93.7446.72 L}, clover oil2] 231 A3% %2l 50 ppmof A= 155.5+50.3
NaHCO, 22 ofe} o g FEATte] 43| FTFsHs AoR
200 8.18+0.01 - - T, 780l ] A 4] o]l ZhAlg-ol(Rhodeus
400 8.27+0.01 - - uyekin@} S A2 (Acheilognathus koreensis)®] 79 1-24
600 8.31+0.01 - - kol %= clove oil'z%=7} 80-160 ppm &= HilE|o] §)
800 8.35+0.03 - - of & FHEUE w2 F=olA nhE At e Ao gdl
1,000 8.37+0.01 - - Eo] F-2]H7]= clove oilo]l o $- 7176 A 0.2 Heltk(Kang
Lidocaine-HCl etal., 2005).
100 740£0.01  202.0£63.3°  117.4437.7% 2-phenoxyethanol 200-275 ppmoll A wp{A[Zke] Hat
200 721001  187.7465.6°  100.8£33.5° 132.6-58.62% 200 ppmol|A] 132.6+44.2%, 225 ppmo]A]
300 6.9640.02 1973+13.358 107 5+4.8% 109+40.4%, 250 ppmoJ|A] 64.3+24.0% Z1&]1L 275 ppmo]|
400 6.87:0.0  146.0:50.8°  152.3+44.6° A 58.619.62% BIRIEe] S7t SIS TRHARTO] &

*The pH value of tap water used in the laboratory was 7.90+0.04.

Z7MS-222 uby| FE2 291% o] Kolomytkin et al. (2007)
o] Ao} BoAsteict.

Clove 0il- clove U5~ Eugenia aromatica)®) 2231} 91 0] &7
£ E3f dojAl= A o] A =2 A] eugenol [2-methoxy-4-(2-
propenyl) phenol] /J<o] wp5] X 217 2-g-of] Tofsh= 24
AR dHA 2} 2] 7o Qo] upAel XFA = 22 HE
E] AREE o] 9th(Keene et al., 1998). & L) Aclove 0il 2]
79, 10 pmol Al 53 o4 kZ o] HZH 9§
o A4 om SAIEjo] HEIT} LA g Aoz
2] 9l Clove oil 20-50 ppmel| A BFFAI7HS 125.2+69.9
2(20 ppm), 97.0+18.92(30 ppm), 70.5 £ 8.22(40 ppm) L

94 © 2 ThEE|QITH(P<0.05). T2|L} 3 A|7H 44.6-93. 72
2 57l Z7beeE B S EA7He 27k O fol 1l
2ol = Ao 2 Sl E QIth(P<0.05). 2-phenoxyethanol-2
ol 5ol 285t vl Z12H2 o} & el A QA o, v
7 & 3)E AT o] A v 2o} At FE Hhstes avte
Qhof o]n] TRt ofFofl At 02 o] &Il It Tsantilas
et al., 2006). & Aol A 2w 7|7} oF 1ol v == 5=
= 250-275 ppmo.2 = o] MS-222 Y clove oilof| B3|
Al Bl =2 s oA nhR A7) Sl A O 2 ER1E Sl
H A= 7)1 115 sea bass (Dicentrarchus labrax L.) 4
Senegalese sole®] 600-1,200 ppm2] F=H T} Hol A7) o]
ol Bl3}] 3-2w7]7} clove oild} vFE7}A] 22-phenoxyethanol
of] W7k A S & YelgthMarsic-Lucic et al., 2005; Weber
etal., 2009).
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NaHCO,& 1] Rafet Waje] 7152 Eo o} CO2
W&ot S =4 Fish (1943)0] o3} o] 7o) mhfo] Hx=
ARE-E o]l 1 QPSS QI RbobpkaL, §17k}f o] 7 o] QF
o] ujol ALg-0.2 AL837] 9 ok 717t0] T ¢l
th= AL 714 32 Qlth(Marking and Fred, 1985). & ¢{5Lof]
A NaHCO,2- 200-1,000 ppme]| chgh nF5] & 742 7Hatstd o
U, 5 A FEol SEold EE o= Al B3,
=4 9 RS Ak Ao & TEE] o] NaHCO, 2
2] 7]o a7t Gl A o= SIS} oot African
catfish 504l NaHCO, & ©|-8-3t v a7} Hars 8t 9le
L}, 24 o[ ] mi a7t Y] 9181 41+=30,000 ppm ©]
4o ol AA AL sliof sk, 2,000 ppmof| 4] 527Fwp
213101 stage 3T9] BFA AT} LS 5 olef k21
of vl k3 Ak e Ao wnE Qo] i AT A}
AP tH(Githukia et al., 2016).

Lidocaine-HCIZ oJu] 1946 2|z =2 2AE o|#| §A} n}
Z|A|el tetracaine®]t benzocained} TR R ok ub
S AR A s ke FARgo] HalE|al 9lo
U e 27)0) BagTt BAo] nma A1, A4Al7te] 2
o YJAHROA = AME-E whE QPAGE nfHA| 2 QAR ¢lo]
A& =anpFA| = e 2ho]H, o o= 1980t H-E At
£ 531 Qlth(Carrasco et al., 1984). Lidocaine-HC1 100-400
ppm F oA vk 9 35 A|7HS e A3t 50 ppme A
260.5+8.8% 4 79.7+23.9%, 100 ppmof| A= 202.0+63.3
Z2 9 117.4+37.7%,200 ppmo|| A= 187.7+65.6% 4 100.8
+33.5% 7123 400 ppmol AL 146.0+50.8% 2 1523
+44.6% = 2RI 0|, s F7tol| wE uhF 9 3)& A7t
A atol= Gl A& 2RI E AU THP<0.05).

Ackerman et al. (2005)2 o]57¢] tjFof ¢1¢] lidocaine-HCl1
£ W02 AMShE A H NaHCO, o E3tsto] AMg-a 7
oz g3} 2=k B3k 8l Q) 01| lidocaine-HCI1O]
ool m| A FFe 2|43} shar npE A ke] FHHE fIsl o]r]
o], tilapia, o], x| 7], =2 v](Hexagrammos otakii)
9 ZkA g0l 5 thr9] o F-o)| A lidocaine-HCI2} NaHCO, &
Z3Fsto] AFR-E Hl QltHKim et al.,1988; Park et al., 2003;
Kang et al., 2005). o]o]] & A1) A= lidocaine-HC12] T}
2= FA1717] 918) lidocaine-HCI NaHCO, & E3HA}
g5t0] 71}z w2 sholgk A}, lidocaine-HCI 100 ppmol]
A uh3 A7bo] 202 +63.32 % 01 NaHCO, 2 4713t 7491
] Al7Fo]157%-53 4% 2 3Fe1 %] 91 11, lidocaine-HC1 200 ppm
ofl A= upF| AJ7ko] 187 +65.62 % 21 NaHCO, & &3} AN
S 7% 86.6-66.0%0] mhH %= Ao & e, 7]E Kk
B} ool A nE7 A & 2 ol A = FY F = 9] lidocaine-
HCIol| NaHCO, 2 &3 A8 & 79~ whg] AJto] oF 50% t
SEE 2o BEE, olnf 35 AI7Fe] ST glo] Wiy
AIZRE e o B oA o g nhy At SiEE Al

= ZlE ek

Marking and Fred (1985)2 tt3{A|7to] ZojA4E 3]E A
7ro] A= AL A7} AhkaFel kEE o = 7He A0l =
OFAELR, o7 uhFAE 38 o[} BlFIAZ} 102 o]y
SJHAIZES LRl Zlo] HAstcha vt uf ol o]l
2710f w2 7§21 7] 2] 013 2] 24 NaHCO & A )bl
Al BE7E A-E A0 2 vepgth, v MS-222+= 1|59
KoF(FDAY] A1o0l2] Aol Qe §alat upo] 2l
AG7HA] 2|4 2197k9] FoF 7|1to] 7+ = o] liL(Summer-
felt and Smith, 1990), 2-phenoxyethanol & o172 AEH A
2F8-S 9hx] 559 cortisol 2 glucose 52 A5 F7HA]7]
v el A3kE 002 4= Slekn B glow] Al gofe] ol
FAZ obF] FR1=A] ¢k8k7] wjZoll(Ackerman et al., 2005),
Al o2 ARG 7HsE e 7] 9 uiAl = A = AlAlE FA
3ol Z1 0 2 wotE e HHH Clove oild} lidocaine-HC1IS 91
Aol AHE- 7Fsgt mFH A2 & g A QLo o] 5 lidocaine-
HCI AR AI = ARG 7hs3t QP o] =2 mhfAl= &
4] Qo] A7) 5F9] @ uAAl F 7S b o] =2 A
© & wE ¢t} 53], lidocaine-HCI 2 NaHCO, 23} 1]
Al lidocaine-HC19] T ARS-A] B} A 5o A] 5k vf
F 9 3 avprh bz o 24 A A9 £ ARS- vk A7}
2|24 o] wpA| &= g = Sl aL, thefet == A A2 g A
o] 59| 2|4 5=+ lidocaine-HCI 200 ppm} NaHCO, 100
ppmEFH O 7 QlE|o] 22 0f npFA| = FYE T o
2 ejulr]e] BEE Yol Fa IFARAE Al £ 024
7} o579 Abghe] w| 2= A S HEstojof T Zlojtt.

Al AL

o] st Fehal AeAteleka d7tH](20161d)0] 25t
o] AFH U5
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