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Anaesthetic Effect of Lidocaine Hydrochloride-Sodium Bicarbonate
and MS-222 on the Greenling (Hexagrammos otakii)
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Anaesthetic effect of lidocaine hydrochloride-sodium bicarbonate mixture (lidocaine HCL/NaHCO;) and
tricaine methanesulfonate (MS-222) was tested for the greenling (Hexagrammos otakii) at three different
temperature regimes: 12°C, 8C and 24C. Based on the exposure and recovery time, effective dose of
lidocaine HCI/NaHCO; was 800 ppm (18 C) and 300 ppm (24 C) for greenling of 21. Oztl 4 cm body length.
Anaesthetic dose and temperature-dependent relationship in exposure and recovery time were observed.
Effective dose of MS-222 at 18 C was proven to be 125 ppm and 150 ppm. Combination of lidocaine
HCI/NaHCO; and MS-222, considerably reduced the dosage of each anaesthetic required to give rapid,
deep anaesthetic condition. In the dry exposure after anaesthetic, the control fish exhibition 22% mortality
after dry exposure of 20 min; whereas, the anaesthetic condition with 800 ppm lidocaine HCI/NaHCO;
for 1 min exhibited delayed recoveries from the anaesthetic condition with mortalities of 20%, 41%, 78%
and 100% after dry exposures of 8 min, 12 min, 16 min and 20 min, respectively. The results indicate that
lidocaine HCI/NaHCOs3 can be used as suitable anaesthetic for the greenling.
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A = acetimide hydrochloride] 2 =84 WA B at& 1) 8948 Q]
FE AD-AA, BEA, A= 2 5287 Yot 2y A T2 E ISR Lo AR HD gloy, I FEE
FoN AFE o e 28Y2E Hage) P, @ DS XD wHHAE AHEHE amide¥ 9 sHA IR
A 872 theke] oFE Az Ax ELFo g gulsl) (Considine and Considine, 1984).
A3t vl e v $2A Fot (Sada, 1985; Park et al, 1988). A w1HE H=FAE o F vhF el &L Carrasco et
ol&1 g v ol W vl A (anaesthetic)Z & 318t EAxt  al (1984)0] FAEIRIN CO.E H7F AHE3dt o]
oEo] AL 9 Av] e} e EF 8471 9oy, ol (Cyprinus capio), B} o} (Oreochromis mossambicus) 2 )
9 Fx ¥ k& AR 7 Aoz Ui 589 54, 71 (Ictalurus punctatusys YF L 2 op3 S A 23 v} .
@84 Az (consciousness) & F WSS @A T Kim et al. (1988)F Park et al. (1988)& B2 ok2) tjdEo g
(Bell, 1987; Park et al., 1998a). LH A Qe EFolet G E ez sl gakgxlel
o] F w3 A 2= urethane (Hasler and Meyer, 1942)& A% of B3 i3 AAE RU3Ych E3 Chung et al. (1994)S
£ 8to] ether, chloroform 5] A&} fot, o1& EF  queeslel viel g Yol WY YL zARIG N,
LAEAE BZFHA A= AHgo] FAHT e dF0] Park et al. (1998a, b} M EX] (Rhynchocypris oxycephalus)®t
o} ol 11 EAXo] 7} FHol nlx Ay (FDA)oﬂ 4] 80} B S (R. steindachneri)S A5t Fae £7}121¢] v
o THHAZ A= A olF vIAAR d2) AHHL  gp0 2sa0) o1y mwE wusdT
81 tricaine methanesulfonate (Ms-222) £2= offF A2l + FHxu| (Hexagrammos otakii) (Jordan and Starks)2 #]x
A8 H2F 21d2ke) AHS AA 712}0_] SlFHew & 2 u] 7} (Hexagrammidae)ol] 43111 gt b X Ho) A4]3}
T3 At} (Summerfelt and Smith, 1990). +H, G T 7} QA olgEA, B EL AT 17 Spoz n B
¢l [Lidocaine-HCI: 2-(diethlyamino)-N-(2, 6-dimethly phenyl 3L 9108 (Choi et al,. 2000), Sﬂ%b%?é}:&} ALl BB
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Huje] TR U FA] gidFoge] A7yt s g
H1 gl '

2 ATe AxYuE AHEET F7] FAAMY ARFHQ
HE, FAEEEH AFA AT HF 2 AR TSt
ol e FarEII - FVAIEF (lidocaine HCV
NaHCO3)& AHg-8te] =29 vl3 &3 E MS-2229 vl -2
Al en, 5 oA EF ALY W vt a9E
ZARIAT. 3 o F vl F ] ofH] HFo] F2 TV =2
ol e} ool EE &9 AMYES Yyt

ME o 4y

APo2 A Hixgvle B4 957 4% &g
X9 ko] A2 HE 20013 1299 FYstF e,
oS FXANYNT L FARASFS AT Paig
Fo2 et SSAHY AP AHEE ol Fe HIF A
F 2 HE AFE 47 21.0£1.4cm (n=50), 152.4+38.1 g
(n=50)°INoH, AL 20023 195 290 B AASY
o APAIY ARS8 12T oY

w3 Hege] F3e vpy A FUlE 98l (Carrasco
et al., 1984; Park et al,, 1988), TEANIEF (NaHCO;) HZE
TEE HASIH T MS-222 (Fluka, Swiss)e 2 #40] =
o 1 FxE dyPsyn

3 B 7)FL Bell (1987)2] ¥PHo ©]3) stage I THAIQ)
AR &% AA, PN SEHEE)S AHHT 59
A, AT FHo g T3 FAY vpHE oA o] BREA
o2 A% HF 7be, 223 3| BgoM e 3B Jbs Ay

YAk HBolN B %o WY F1FL, F2Y 37
FFHANA JA7E 719E FA glo] 2s B4 AE

TR 29E 71 e B3
=Y,

Iy

Hite| el - BEHMIIEES]
o St

FAEIRI-FEAIYEF TEE 100-1,200 ppm7}HA]
100 ppm GAZ 3t} YA TR ZH FEEE opF
2 12T, 18T 2 24TollA v} AT (exposure time)T 3)E
ARt (recovery time)S timerS AlE3le] % ©912 =439
ok otHFeE 2 Tl AHSE AxAne Z 10 vhEly
ot Z+ A¥ Ao A foA HAL AT rtestE
AREEt o™, P gto] 005 Bt &L F$-E fosittn g
3t Ao

ObE =2 18COIM MS-2220f 2|8t OtF &3t

b F2 18T ZoA MS-222 FX 50-200 ppm7}HA] 25
ppm S92 7 AR FEE 43T 4 RN vpHA)
3} HBAZME timerE AMR-SHY] X ©@9E 23 stgon,
Zt FEEE 20v Y AbgEtg T

opE S

AL 2T - BEMILIEE T} MS-2222] &8 Al
Aol obx &t

AR =7 - F I EF I MS-2222] & AFR-A] ]
3 AFE dAEEA) -FEUEF 2 MS222 ©E
ARE-Al 9] mlH g 3po} vl ZAFSIYTH MS-222 BE 7]EL
2 18TAAM FHefn]7} vl E e dae Algto
128 28 A33te AP oz stgon, np3azt 128
Fote dAEEIRI-FRHAUEF 98 29 7E
MS-222 F=5 £ A Z4zte] vpH Az FHEAIZS
etk 24 EF XAl AP TG 30 vk 4 AL

|27l -SEHHE R 2Ft Fcelfjol ot
37| EAl MYE

PFHEE 18TAA vk AIZE oF 18-S Yelle g4atels
I -FEHUEFY =2 v AN F, 37 k20 ©2
AES ZARBIAT E7] =& AT 4208 Alelol A 4%
o2 599 =& A1 AR eH, =% AL B
F Aol e HE R gl Altg gz vlws g
A mkEoz AAs.

Aot oox 2 o

Hok 0

1}

Axgn g ggoz 3 G4 s -FeE 9]
FEE, vl vh3 2 38 A3 Table 13 2t} why
& 121 2%, 100 ppm3} 200 ppmAX = w3 & 77}
VERR] 9k 0 ™| 300-1,200 ppm ol Al E 304-172322] B3 A
b3t 46-222% 9] 3 EHAIZHS YERAQIT nlH 4L 18T
74%-, 100-900 ppml A= 215-4932 9] v} A2t} 100-240%
9] BEALE Jeh R 21, 1,000-1,200 ppmol X wb3 &
Al vt H o] S 5HA] g3 FFo 2 At v aH7}
YebdA] 3ttt b3 42 24T 739, 100-400 ppmoll A =
128-522 9] whH AT 86-238% 9] FHEAIZHE MPon,
500-1,200 ppm<l A9~ vt3 FAl vl o] 3EHA gu
T2 At A nt3 &xrt Jehgx gsko

TAREE 2} b HAIIE S M2 v, rh3gee] 5445
FHAIZE RS EAIT N bR nlF FEE Yol
(P<0.05). 27 vEHAIZE 12 W99} o]d & 3EAIZHS
2HA, wFHEL 18T A9 800 ppm 2T v} 5L
24T 73 300 ppmo] FH=2 Wl vlF Y FE2 B g
At AT 18T 2ol MS-22200 23 Fimefuol A
o] u}H A= Table 29 2T MS-2229) % 50-200 ppmoll
Al 123-4729] wFHAT} 70-14432 2] B BANS Bt
FAxg oo x o] MS-2229] v AFE GaEEIQ —Zg
AUEFN g v A} vpIVIAE vhE 20} Fold
F5 vhHAIGS BolA 1 1 I EAHE ZolAE HEgL
Bk AA vpHAE 1 Uil olo] 2E JEAS
IHAl 125 ppmF 150 ppm] MS-2227} vh3H HA Fra
#PHH, MS-222€ A EIRI-FEHAUEF HlE)
18C 2AA o 128 Ho|e vlFAte wE 38 A7)
Aol #@A Yergo

ot
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Table 1. Exposure and recovery time for greenling (Hexagrammos otakii) anaesthetized with lidocaine HCI/NaHCO;3 at 12T,
18°C and 24C. ET: Exposure time (Sec); RT: Recovery time (Sec). Values are means+SD (n=10). Same superscripts are

significantly different (P <0.05)

Water temperature

Dose (ppm) 12T 18T 247C
ET RT ET RT ET RT
100 - - 215429 100+8° 128+ 15° 8617
200 - - 163121 142 10° 7816 149+ 10°
300 304453 46+3 122+15° 172112 6614 2081 16°
400 29450 7816 116+10 210x15° 5215 238115
500 278141 84+7 112+ 11 217 £14° . -
600 254135 98+9° 94+8 23016 - -
700 242+£34 1159 7817 232115 - -
800 2191247 149+ 12° 6214 23717 - -
900 183120 20015 4943 240120 - -
1000 179115 215417 - - - -
1100 175+ 11 217£20° - - - -
1200 172110 222419 . - - .
Table 2. Exposure and recovery time for greenling (Hexa- 140
grammos otakii) anaesthetized with MS-222 at 18 C. Values O Exposure time
are means+SD (n=20) W Recovery time
Dose (ppm) Exposure time (sec) Recovery time (sec) ) '
100 |
50 12315 7016 > %
75 98+9 7417 a
100 798 8218 g
125 58+6 1038 -
150 56+5 112+ 10 60 ]
175 49+4 13419
200 47+3 144120
n}4& 18T ZAoNA MS2229] 100 ppm FEE 7SR 2 . , ,

gl mH AR 18-S A3Ete A ETRI-FEAUE
& =591 200, 300, 400 L 500 ppme H vl A4 T
Ae)g obH 2 3 EAZHE Fig 13 2tk 100 ppm MS-222¢}
200 ppm B2 E71Q1 — FEAIEF, 100 ppm MS-222%}
300 ppm QA £71Q) - FHAIEF, 100 ppm MS-2229%
400 ppm QAR E711 —FEAHIEF Z 100 ppm MS-2229}
500 ppm G EIR) -FRAVEEFS utHAIELS 42
7616, 66+5, 5243 D 47x2% o|Qow IEALL 7z}
5943, 67+5, 98+8 E [14x12% ©|Att. 100 ppm MS-222
7124 QaEl =7 —F VA EF, 100 ppm MS-2229
400 ppm G TR —FEAMUEFC] FHxelv]e wtH A
A xeg wYHAD

ol e 18CAA PHEAIRE oF 188 Bole daE =il
—ZgAIEFS 5 800 ppmeE "3 ¥ 18CT719] F
7] o] & AlgE ZA AFE Fig 29 2ok &I
18C 7] =& 168717 B5 AEdPoy F7] =& 208
o 21.5%¢] AlHES BATh G EIRI-FENUEF
800 ppm P ¥ 7] =& T L £F FARAAE BF AE
3wt B7] =& 884 19.5%, F71x=F 1289 41.0%,
F7) =& 1689 77.5%] APFES Bon, F7] =% 208
e % Altatant. G4RIEIR-FEAUEF 800

200 300 400

Lidocaine HCUNaHCO,; dose (ppm)

500

Fig. 1. Anaesthetic effect of lidocaine HCI/NaHCOs at various
concentrations for greenling (Hexagrammos otakii) within
100 ppm MS-222 at 18 C (n=30). Vertical bar indicate means
+SD.

O Exp. Group

100 | wcon. group L
B I
£ e |
§ ol

| ﬂ

o 1 1 'l il

4 8 12 16 20
Time (min)

Fig. 2. Mortality of greenling (Hexagrammos otakii) exposed
to air anaesthesia with 800 ppm lidocaine HCI/NaHCO; for
1 min (n=50). Vertical bar indicate means=SD.
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ppm e E vt F 18T Z2HoZ F7) =& HE A
3 EAZRE, phHE & FA) 3 BAIZ 48T 3 BAIZF 237
29 ARSI T FAE 7Rl - F A ES 800 ppmo 2
oH F 18T 7129 F7) % AE Hdv] AFe, T
EF 4E oluZh kst HgE 2] AFEHU

il =1

FE oz & vl ojAldlMe AFH Mg =
A, BA9} ago] H2H A2 2 YT AR 5% AW,
AR, AR #, AT A, AT P BH) Falel Ay
H Fo] ez o] kS uIRE e} 229 FRS 715
oz, olFo] A Q79 ol2d] FAMFAEH A
o 2 2ol 7R oz PBeF sIHolth (Summerfelt and
Smith, 1990)

€ 947 2%, Axdrls @AY ER -FehE 9
o 18T A2 800, 900 ppm = 24Tl M9l 300,
400 ppm2 ZHzhe] opH 20 wE dAe) £ 7] — F ek
GEFO HH AR, o]eid ¢hd WY £ 0|5 2o
a7, ok Wy R ek Al 8373 240 o e}
(Gilderhus and Marking, 1987; Son et al., 2001). u}3 A 7+&
v A olF ot vhH &dol HES Aoz RE 93
ot B N1EAA 1A F orpH Sdo g BE ol g4

F5 AAsteY 74X 289w AZtoln, HEA|zHe v}
F g ol 77t s BolM gdsE] 8L B =Y A8
& AlZrolt} (Summerfelt and Smith, 1990).

FAxulo Mo il =719 -FEAIEF] 3 &
e v Tt EEFE, vlF5FL0) FMESE np3A
L2 AojA= HHE, 3 BAI L BolAE B & oEAT 4
2 YEHE Bolx gt FAEA - FEINIE Foj
& ol @ vlH Ee] oINS} FE JEAHL Kim et
al. (1988)7 Park et al. (1988)°l 2J3l G F2o] 79} st
TG ool A 27k sletd vt glow dxtelEslel -
TEIIEF U@ w13 Aol 5 EHE Park
et al. (1998a)°] WEX] (Rhynchocypris oxycephalus)S} WS 7)
(R. steindacheriyS W3 2.2 ZALE vt Ut} vp3Ajzte] 2
ol AFE ¥ Azto] AFE Y, ol whel o H)E= AiaZE
o =%49 4 Q0B 2 Gilderhus and Marking (1987)& )&
StHAZE vhE oA 3B ollle] vl Azt 108 oW
o] 3B AZto] 2T A u} Yu)

ol & ejA FHxavjole e et~ Feat
YEFL ARFQA oF vhHAE HAPF Aoz Alg o)
Park et al. (1988)2 w3427t 22C2 2a]dte] B A¥y
AR 2408 Huegng itz 3 vp3A) dikexs}
A—-FHIIEF 200 ppm} 300 ppmoll A Z}zhe) 5729} 36
29| vpHAIZ AE B v Uk 2 439 24T ZANA
€} 200 ppm} 300 ppmoll X&) z+zt w}HAZF 8%, 6629}
Park et al. (1988)%] A5 Bl A, & Ag o)X 9] u}34-20]

Eool® B ga & uh3HAIS BA o] 3 o}
Hae ¥iste] @& nl3] GgolN tha ol Aol vl
v o] i ol Fo AElH 874 s AP 2
AR vl 8ele] 81k Yabat opHel] AMEE FHgn)
ApAe] el # 2ol (Summerfelt and Smith, 1990)¢l] 7121 =
Aoz Atgdrh

MS-222%= o F HHAZAM ] v}3 &3} 1 QkuA T o
of FEAoZ M) kg Qs AR VY Bo] &t
Mo g AR Y} (Massee et al, 1995). & A79] -2
PlellM el Ms-2229] vhA Eabe wlEHA @748 291, nhR)
T AR & o]F ) F7)0) Fegoz Qe FH
HIELE ofg]eut, B 439 MS-222 FE 100-200 ppmoil A 2]
vt &= milkfish (Chanos chanos) AFI M= Q= uf
1t} (Murai and Catacutan, 1981)

oA 18Tl A MS-2229F FAHE71) —F e E
o £ A9 ml3 a3 MS-2229) s -2
NI EF Z47he] O He|A)9 o3 @il vls) 973
v AoE Bl X (synergy) A7 YEbytT) o]2] g v}
HAe] Eell o3+ w3 A= Gilderhus et al. (1973)0]
MS-222%} quinaldine sulfate® &3 A}8-5lo] @=0]8 9] n}
Hol dast zt vl 55 3AA1Z v o8 Park
et al. (1988)2 & (Pagrus major)-& WA E 50 ppm
MS-2229} 25 ppm BAHIEA) - FERHIESF S T ALS
dto] F8igk v a3 2719, oF 15029 u}HA7HS Tloldl
vt o}

ool M) sl AlE A (sedative) HEL o2 A HE
A &S AT AAHA & HYol #HEE vk Q1o v (Park
et al, 1998b), °o}21& vt A ] AMEA] vlH A o] {7} 27)
o =25 HFEdE e nAY W, HAFF GANY
< FAANI] Q8 AP E e B7) =29 Ho) kA A1H
gtete IyAo|tt B AT A3 Y23 e IV =5 F 168
A& Abgo] gl HHA, 800 ppm QA 719 — Fekah}
EFO2Z 180 v ¥, 37 =& 497 37 =& 48
F AR e Aol o, 37 =& Azle] HojALE
Abgol F7bsted 208 Folle 2F FAbetYoh

o|9} fAS AR g I B (Sebastes schelgeli) &} 73%-,
100 ppm MS-2222 2%-3F vk & F7) =% 1022 E = 40%
o] Abgo]l vehd w¥hd, vh3 glo] B7] =&A17) gRTe
71 =& 15E5E 50%2 Abdo] Yebd v 1ot (Son et
al,, 2001). vk Fo] ti=2Fo) ulgto] o]9} Po] F7] & A)
=F 3ol ©E AlgEo] FUHE olfE, viEA Held)
o I ZGol w2 mhHFe) el &4 Astel 719w
Ao Atz €tk GARIEI) - FENIE F 800 ppmo.Z
A F 18T U0 B FY] =E3A HE AA S 5RAZ
I FUT 20T v F FA JEAN AAE 7o) B
AREel 3lol M2 fALE, Bl 3 3] 228 3B A7)

WOHE 9FS FA 22 AN,



off utHAZ ALE-A] BA AHEAR o Foll X ] QHE A,
AEA, 7HHA, AR A9} AMS AEE 1@ sta]o}
30y, o] F2] o] A ulFHAZM 2] o) Au EAL ujs}
ojof &t} (Marking and Meyer, 1985): A A, u}3 A|7He 35
ugtold mlHAR vl o 4, vl Fo| B Ate

¥ 5 1O vgteg golot g} AR, t)id ojFelle 5
dojolof gok; A, HF 7] 43 AFEA]l AR R Al
F-alistdof stek; AR, g ol Fo A2l FFd JFe
F 2. Golof el A A, vl A7} w2 A wEH AL} B3
AL 5o} Ao JESFR] o} AFEAHRA] 7)7e] R FE R
ofotot gk AFA, viFA 2 vk A}go G2 w3 A
wAH Tl flolok Tk AHA, 7HHo] Aol B}

olzigh BHANA £ ATl AHS-E FiIE -Fe
AUEEL Fxdivl 9 oA o F viA R A 2

A& HH3) ZkF3 Qon 53], giexgele] Al =
A FE IF 380 E AMEETgE FS 124 “general
recgnized as safe (GRAS)” 2] 1 QHAA} 3l &ola Alg
® o} (Schnick et al., 1986). @A 742 At =710 - F g4t
UEFo] o] Fol vlxe Aeld axje] tist 83} A8
FE3F AH 22 A (Chung et al., 1994), 2HE FAre| =719
—TEHIUERE vlHAR AEA] FHxgv]olM e Ay
ko] B3 2A7F Qs

A AL
o] =F& 2002dx I AY AU 20023E
Faddistn ARy dTA FHAFE LAY
(KRF-2002-005-F00004, o] 213} 315084 ZAr=gy
oh =3 B =588 A A4, £45e] =58 28 YA
 9Ee AAAEAE ZAE-YG
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