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Experiments were performed to investigate the effects of the different anesthetic MS-222 and lidocaine-HCl
doses on the blood physiological responses, on the time required for anesthesia and recovery, and on the survival
rates of black rockfish (Sebastes schlegeli). Plasma cortisol was its highest levels (96.1+12.1 ng/ml) at 6 hours after
the administration of 300 ppm of MS-222, and in all groups, plasma cortisol levels were higher than the initial
levels during the anesthetic experiment. Fish receiving lidocaine-HCl also exhibited higher than initial plasma cor-
tisol levels at almost experimental intervals. The middle size fish exhibited the highest glucose level (143.3x14.5
mg/dl) at 50 ppm of anesthesia after 1 hour, and every level was significantly higher than the initial level for at
least 12 hours. Glucose levels in fish to which lidocaine-HCl was administered were comparable to the levels seen
in conjunction with MS-222 treatment. In fish anesthetized with MS-222, K™ levels in the small size fish were sig-
nificantly elevated after 1 hour, while Na" levels did not change in any of the groups throughout the experiment.
Anesthetic time was significantly attenuated with increases in the concentrations of MS-222 and lidocaine-HCI.
We also noted a correlation between anesthetic time and fish size, in that larger fish took a longer time, followed
by the middle size and then the small size fish. The all fish size groups showed above 95% survival rates at every
experimental concentration in MS-222 and 300-400 ppm in lidocaine-HCL. The results may indicate that 100-200
ppm MS-222 and 400 ppm lidocaine-HCl are the most effective doses as sedatives for the black rockfish and these
doses could be used as the suitable anesthetics doses.
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o o&|lA ~EHAE WA Hi(Pickering, 1992; Wendelaar
Bonga, 1997; &3} &1, 1999; ] &, 2001, 20033, b, 2005). 2]
PBE miae MY, 34, S48 FF, Wl = F
AL A AR, JF A, 75 R A oA oFY KBS
5 714A717] 130 o] - E v Westerfield, 1993).

MS-222 (3-aminobenzoic acidethyl ester methansulfonate)s=
ofFol BEASA AHgHIE 7HF QA o}3A] S shiol
ok MS-222F AN 2197k Febr ) Hwithdrawal period)®]
I 9 3R 7H(Pirhonen and Schreck, 2003), ©A vl=F &]F2]ofot
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#(Food and Drug Administration, FDAYA U8k 4k
AR S9lEo] v}k ) lidocaine-HCI [2-(diethlyamino)-
N-(2, 6-dimethyl phenyl acetamide hydrochloride)}& o1&l th
3 =3t v aE veld W o) 71Ee] OE o)F
uHAE Blsle] 7HA o] AMata obs Aol A 3 F
Fo| gol3tq oF mEHAZ AFEE T dtH(Carrasco et al.,
1984; 7 %, 1988).

ol Al A8 =F9]e] A2 Ferreira et al. (1984)2)

F 240049] benzocaine-hydrochloride®] A&, Carrasco et
al. (1984)2] AN (Cyprinus capio), "7 1{ctalurus punctatus), B
23| oW Oreochromis mossambicus)*| ™+ lidocaine-sodium
bicarbonate®] VI# &7, Sado (1985)¢] Egtzlole] ]t
quinaldine®] % &, Mattson and Riple (1989)2] o 7 (Gadus
morhua)?ll TS metomidate] VI &3}, Massee et al. (1995)2]
red drum (Sciaenops cellatus)®l) )& MS-222, quinaldine sulfate
9} metomidate®] vIH &7} HAH vl gl o] FobF ol #a)
Az SN E g BaE vk ol 7 5(1988)9] lidocaine
o] 7%9] FolFel vzl wiH &, B F(1988)9] St
o] T3t lidocaine?] P} E7, A 5(1994)9) lidocaineo] ol
deolaggel P G, W 5(1998a, 1998b)S] HE3|
(Rhynchocypris oxycephalus)2t WEN(R. steindachneriy®l Thst
lidocaine®] v}3 ¥ 458 I} Son et al.(2001)8] Z¥ 2}
(Sebastes schlegeli) X10]2] MS-22291] thak w4, ¥} 5:(2003)
o} FH=BNv|(Hexagrammos otakii)®] e Gatre] =710) Sekat
VEFS vlH a3, 8F 5(2004)2] winter flounder (Pleuronectes
americanus)°ll gt FAFe] =T IRl-SEAIIER 9] viE g 5
F(2005)2] U2 20)(Plecoglossus altivelis)?] PHTHA1L] &
A s Fo| dIAE Aol F 3

Z3Bge Q718 = oFEA e BE Aol A2
= A2 o Folm YIX|(Paralichthys olivaceus)2t 374 A
FEY B uitEA AdzAe) el os e miA sl
ATt o]} o] xuEE Aito] e Eetal FHU
o o] g H FEA] ulFol] A AFe FE53 Aol
™, 53] vl3 A5 9 356 mhE AE|F] 2Ed 20 figh g
% oA 2A1E v} givh. webd 2 Aol oA off v}
FA= Qg H MS-2229} lidocaine-HCIE Al-g-81ef Z3)Bete]
ulH &3, vl A7 exposure time) B5-A]7Hrecovery time)
< Horele {E vFHEEE dAskA} aint. ok v
z0= v - I &5, A A o2 A8 WS
A7EE AR}

2
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size fish)e} 3 o) (middle size fish)= Wr3lom, o) (58}
= iy FadAd 142209 em, HHAF 51.3+10.5 gol9d
2, Fol(F3t & 19l Hadd 182410 em, HHAlS
100.6£21.1 golAth. Ago] ARS-E 50 Lok 100 L &2t
zol| S5S ZHz 20 LA, 40 LAY feslalon, 37138+
< 98l ofofel g s & FUh = WE vFE
shol Felnel s AN 9J8te] Aol govtE] ok ol 40
nlEl & Zbzh 2 O 2 ARSI Th wbEAlE A8 MS-222
(Sigma)2} lidocaine-HC! (Sigma)ye AMHEstA oM, AT
20.4+0.59 T}

Opx et S|1=AIZH

A F A wE viHaAE HESH] flste] Ms-
222%= 50, 100, 200, 300 ppm 274, lidocaine-HCL- 300,
400, 500, 600 ppm 27N AFe] ] 74z wpHAIFR 554
78 zAbslsith, vk A7k 312417 A4S Siwicki (1984)9)
75 mE} ofA 7} 5o 2 5L ol - YJo) Bt et
™ 7A¢) gAlo] A He W=, 3 EV|ES FJ&E FER o)F
NA A ANE S8 oprbe] G g-Fo] 2kt W 5
Sk mHAAIEE B EAIZRS A 30RO R AT

oto| xi%et EA

NS AH 3] 2447 ARE AFAE FHT 42 20
TU/mL heparin sodium (Sterile Solution HEPARIN Inj., Choongwae
Pharma Corporation, Korea) A28t 1318 FA7]1(3 mL-23 G
Dong Shin Medical Instruments Co., Korea)yg AM8-31e] w4 ¢l
o] 1 ool vyl Fgtola] st HAE R AHF $
oL 1.5 mL microtube (MCT-175-C, Axygen Scientific Inc.,
USAY] £5=513ith. zF 2ollM 280 107, $F 0 5t
A THale] 12 ollfel]l ABasAch. AP 24 Yol =
238 Ayste] AASAT BE AL vlF K (0x17hH3 vt
FH 1,6, 12 9 24x7t0 2 sl AParh g &
Z cortisol, glucose, Na*, K" ¥ AFAF=E S5
Aol 105 o4 WIS, 5,600 g, 537 AR (MF
550 Hanil Centrifuge, Hanil Co., Korea)gl] &
7R -70°Ce) W¥%-3L(CLN-500 UW Nihon Freezer, Nihon
Co., Japanyl] BZsHA T}

Cortisol F%+ Donaldson (1981)2] ®5e] e} Coat-A-Count
TKCO Cortisol RIA Kit (DPC, USA)Z &3] 8-S =
3k e, 1470 WIZARD Automatic Gamma Counter (Cobra,
Packard Co., USA)S AR&-3la] radioimmunoassay (RIA)9 €
& 24319}, Glucose, Na” 2 K' F =+ Chemistry System
(Hitachi 7180, Hitachi, Japan)l] <J3] 2418t E4¢] A%
AFEE Nag9 i3] wet 2440 vhe Z1& 3838,
Micro Osmometer (Fiske 210, Fiske, USA)Z 48150}, #14
T 3080] A= FEEHA g ofFet 28717est HAtst

st Mgk
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£ S Astel BEEL AU,

EAIx2

7} A4 Dojl = 3k Atole] Fofx} f5-= SPSS-5
Al 71X (SPSS 9.0, SPSS Inc., USA)Sl €3 ANOVA ¥
Duncan’s multiple range test2 7374 5} t).

2

s mE viH 9 3 EAI7R Fig. 1] UYeRd A= 72
Tk MS-2229014] mIFHAIZE] 739, 28 o)= 50 ppmollA] 18.6+1.2
oz 7P At viE =t il wel vigAIzke) 23
2&23}od 27} 100 ppmee 2.4+0. 13, 200 ppm 0.8+0.2%, 300 ppm
0.6+0.0%-5 VFERASITHFig. 19] A). TF ol &Foi9} fAlet
ZA8S YERAJTE Lidocaine-HCIY) 7%, 28 oA E 300
ppmolA] 20+0.082 0.2 wlHAA T o] 71 A oH, viFHEEr}
Z7Fshel whet wpE A7) A th(Fig. 19] C). MS-2220]
A 8ol 50 ppmoll A 11.440.18-0 7 3 EA|7ko] 714 whgk
h(Fig. 19] B). Lidocaine-HCI®] 7%, 280 300 ppmoilA]
18.5£2. 1522 3]&5A|7Ho] 7P &SQkAL, 400 ppme 19.8+0.3%
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| thFig. 12] D). 2% AT ole}t FARE AFE UERAA
o} AFojHt) 3 EA|7 o] o7k ZhAaEirt.

AHNAA FHol2] EF cortisol TE= 1.6+0.9 ng/mIATH
(Fig. 2). MS-222 50 ppmollA] 7} 1, 6, 12417 cortisol &=
E 26.2+13, 89.2+13.8, 96.1£12.1 ng/mlE F71519.2.H, 2002
300 ppmeliX= w1 6A1ZF F ZH2 143.8+2.9 ng/ml, 86.6=11.1
ng/mlE FoLHTHFig. 2] A). Lidocaine-HCI] 73-%-, 300 ppm
oflA ui 1, 6 B 12A7F & ZH2} 61.4+17 ng/ml, 73.3+19.6 ng/ml
2 133.811 ng/ml2 A&3|A AT 500 ppmollX=
A7 129+3.7 ng/ml, 600 ppmo M w13 12417 3 99+19.1
ngml= FoPATHFig. 22 B).

Glucose FEE AG/NAA 4289 FRojollM 2b7} 34.3+3.1
mg/dl, 37.5+10.6 mg/dlE ERNATHFig. 3). MS-222¢] 7%, &
o= 50 ppmell A B 1A17F ¥ 69.5+23.2 mg/dIE F-4J517)
Eobx 01 (P<0.05), 100 ppmollX& oH 1A17E F 56.7+2.5
mg/dlE S THFIg. 39 A). $8olE 50 ppmolA vl 1
A7 & 1433+14.5 mydiE 7P 22 3 JERIIeH, 24
A ZF Foll= 45.540.7 mg/dIZ 2o THFig. 3¢ C). Lidocaine-
HCI1®] 79, 280l 300 ppmol A glucose F=7F 29.544.4~

383+6.0 mgdlE =7 GIithFig. 3¢l B). T3¢ A+,
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Fig. 1. Changes of anesthetic time (@&, ©) and recovery time (®, @) of black rockfish, Sebastes schlegeli according to MS-222 and
lidocaine-HC] concentrations. Different letters on the bars are significantly different (P<0.05).
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Fig. 2. Changes of plasma cortisol levels of black rockfish, Sebates schlegeli according to MS-222 and lidocaine-HC! concentrations.

Different letters on the bars are significantly different (P<0.05).
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Fig, 3. Changes of plasma glucose levels of Sebastes schilegeli according to MS-222 (&), ©) and lidocaine-HCI (®, ©)) concentrations. Different let-

ters on the bars are significantly different (P<0.05).

500 ppmoIA] glucose F=+= W 1A17F F- 117.3438.0 mg/dl
2 FY5A ST 6, 12 2 24470 & 742 90.7+39.7,
76.0£26.0, 64.7+13.8 mg/dI= Alds 74319 THFIg. 39 D).

Na" F== 4&go]ollA 300 ppme] lidocaine-HCI #+ 117+
Zoll 180.0£122 mEq/LE 3% VERHQI O 6A] 7 &
162.3+5.6 mEq/LE HE /A1 163.042.8 mEq/L
2282t (Fig. 4).

K" FE= MS-22231 A5 &% o= 50 ppmelA 200 ppm7k
A Bl wE 147 £ 6.7+1.2 mEg/LE H Ik VeRY

Fzo

Ao}, 6, 12 2 24417+ T Zk7E 3,040.5, 3.1+0.7, 2.940.3 mEq/
LE AN A o7 74089 rhTFig. 52 A). Lidocaine-
HCI9] S, 28 o= 400 ppmoll Al w1 1A1ZF §= 4.1+1.0
mEq/LE 7P =8 3k B ur 6, 12 2 24X7F Fole 7t
z} 2.6+0.3, 2.5£0.1 2 2.4+0.2 mEq/Li A& Aaate] A )|

ARG SrtkFig. 591 B)(P<0.05).

AERETE= AFofola] MS-222 50 ppm "I 1417 $o
365.3£13.7 mOsm/kgS & 7Hg =& 318 B30 ) 6, 12 2 24

A|1ZF Foll= 747t 352.3+13.8, 345.3£10.2, 344.0+9.7 mOsm/kg

i 1T
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Fig. 4. Changes of plasma Na" levels of Sebastes schlegeli according to MS-222 (&, ©) and lidocaine-HCl (:B), ®) concentrations. Different
letters on the bars are significantly different (P<0.05).
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Fig. 5. Changes of plasma K" levels of Sebastes schlegeli according to MS-222 (@), ©) and lidocaine-HCI (®, ®) concentrations. Different
letters on the bars are significantly different (P<0.05).

o= ghadte] A3 A 338.048.5 mOsm/ked -F2lE 2} &b ol o, 24417F 3 338.0+14.0 mOsm/kgo 2 A3
ol HolA] ¥UrHFig. 62 A). TFol= MS-222 100 ppmell  A|AT K227t fATHFig. 691 C). Lidocaine-HCIS] A$-, &
A ok 12A7 F AREEEE 35134105 mOsmkgR 2] &olE 300 ppmollAd] Wl 12417 ¥ %A} 3583445
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Fig. 6. Changes of plasma osmolality of Sebastes schlegeli according to MS-222 (&, ©) and lidocaine-HC! (@®, ©) concentrations. Different

letters on the bars are significantly different (P<0.05).

mOsnvkg® & TA| F71e18 00, 24417 3 351.547.1 mOsiy/
kg® & 7HA3Ith(Fig. 62} D).

AFojollA MS-222 300 ppm> 3671215 1whe] e} HAL =)
7F @A BN 97.243.9%7F AFEES o), 50 ppm, 100 ppm 2
200 ppmeoll A& 100% AESIATH TH AN = BE Ao
A1 100% A3 Lidocaine-HCIIA, 2281 300 ppmt
400 ppmellA 36v1ElS HAlolE 1vElE AJEgo] 96.7+4.7%
2 7P B3I, 500 ppm 600 ppmol e 4uhH Hialsked
AJEE0] 88.347.1%30th. Bk F-F ol FA 7HAIF7E 500 ppm
oA 17k, 600 ppmellAl= 3ute]rt DAt} AjEgo] b7t
97.243.9%%} 87.5+5.9%%3t}.

S r}HE oAolM ) 2EY 2 WE, B Ak, Ak

4], oprie] B, A

jad
=

, N4 (glucose, glycogen,
5o} 24), $7 3 A4 254

e

lactic acid, pH, 3}
AV ZEAN7) 5, o
5 Soll= A A€E 5= 2Avh(Summerfelt and Smith, 1990).
ol FAR] wFHA = oo AEYAE FA] il viFA17]7] 9
T FEFEs AR mt kA Rk ARk oz s ol
o] wiHAIZ T 102 olule] g 3 EAILHE TEA ok gt

B Ao vehd MS-222¢} lidocaine-HCIS] HE ) 8)

off 13t B Agoid} T ojo] AN TRl B
N (Carassius auratus), V)52 (Misgurnus anguilli- caudatus), Y]
3] 2 WE/ 53 siadelFel il Bard A3t 7ol
(Mattson and Riple, 1989), #I3#] FE9] Z7tof wjet vlFA]
Zrol Zrxati o, ojx 7] el whet v Aol AojAl=
Aoz VepdthA 5, 1988; ¥ 5, 1998). 53 Son et al.
(2001)] HIlojA= MS-2229] miFAZke] 2 AFe] Asel
¥)5281% o0}, S EAZHE 2jolE HERT olelgk Aol of
e} 271 9 wpF Al ofA o] At Sel 7I%lehes Ao
Hojzith,

ARyl HEH o7 = s o8-S Adshe Ak
oA Fieh ojAle] A7l what theFatth. Siwick (1984)%}
Sado (1985t 1<t ZAAH Fa3dt 37 PFgalo] 29E
2 v A] FEEQ T AR, 7P pE RSO R o A=
HulE AA3)] AP 2ZN PAEE FIEES BAT ot

o e F, 3FFE Folme WS et B4,

T

=
Is
oX

e
9 el oJal ol MBS S RN, HEleh 1
7 HEOS 2Hol PE FIYHE el 2et BF
Fi= 271 A, G 25 AR ol S vhee
AL, £F57H O sk on s wiEe] Felsiic,

o) &4 cortisol, glucose, 312, hemoglobin, T2,
hematocrit @ 7F 234 52 o7} e AEY| 22 AR ZA

1A =] 57 9lth(Schreck, 1982). 3 37014 MS-222%} lidocaine-

BT
{




242 AN, sfES, vR1Y, 73], 49

HClO =28 Z9889] EF cortisol FEt& FE AP FlA
AN Bt folsiA $7HE 58 VERIGIT wjeba] F
wFHA] =2E 29 ETL Hojx AFFEAIR] 2447V
ZEYAERE IEHA 7 eS¢ F A=, HE 2E
P27t gL 717kl AR FAS 2EH AR 18 cortisol
o] Yol 48AZ7HA] A &E T BEol(Pickering et al., 1989)
oF Az}

o]Fe] HFA WAZHY] AlE A Y] A2 ME HF
ZEY 20 ik ASIEHA WS AT 4 JA|RE, AFEL
AR WA AR 2 A 2B g dod &
AT} MS-2229} quinaldineol] A&H o2 =29 red drumoiA
HAG cortisolZ} glucose %7171 B2 TH(Massee et al., 1995).
TS nlRA] =Zeof] 23 E3F cortisol F =] F7HE striped bass
(Morone saxitilis) (Davis et al., 1982), F-A171%1(Oncorhynchus
mykiss) (Barton and Peter, 1982), 2 chinook salmon (O. tshawytscha)
(Strange and Schreck, 1978)°lA] Bid v} it 12ivt €3
9 cortisol F=E SEHL] Frot AL, offe] A7 H A
bl we} FdojFolM = gekd 4 Arh(Pickering et al.,
1989).

27 glucose FEE MS-2229 lidocaine-HCI =28 48
ool Bl F7} Fol ZA vepgod, T3 = ¥
A3] F7FEH e, o] F7ke 1~12A17F F9t A &HREY) o
= F7F MS2228 HIE® vEAIY &2 tE 2EF A IR
Bl g doihs 85 glucose =2 717} Fo® 6-244]
7+ A&t € (Robertson et al., 1987; Morales et al.,
1990) Z#t FAFeE AFAE JERHAT. o] 22 E% glucose
TEe M 2EHE WA Uit AF A 22
24 7+e] FRI570 oFe] s AHE AA} e, 2719
&G F7he 2EH S Wgd 95 F7HE EF HE o
(catecholamine)ol] 2)3l] 7}o)) AFE FBIZA] glucoseZ =3l
= 34 (glycogenolysis) WE0] 2, L o] 5] A&EE F&
glucocorticoidsel] ]3¢ FFZ2A1RY T (gluconeogenesis) T
olZkaL d&A dch(Robertson et al., 1987). Wty E &0
A eRG 288 ol 8% glucose FEE VA AR
off wet oA 7} 2EF2E WS o) BH ¥ cortisole] 2Hg-O
2 gluconeogenesis?] T4l ot E4do| Fold ol w2} glucose
o] fHlgke] FrtEe AR Rt a8y niEAlY =&
H o] FolA AA3 cortisol glucose2] LE#H 2 ko] ¢lS-
o] B E7|% 319 =4](Thomas and Neff, 1985), ¢|+&= oju} 2
Ed 2 2219 %7} cortisol glucose S-S L 07]7] Hs)
A 895 FF ol R A 2

oAA7} 2E#AE vEoH Hs]de] B<F3 (Robertson et al.,
1988; Avella et al.,, 1990), cortisol#} prolactin F=2] GAZ
Al(Avella et al., 1990)7} F-&E T}, sigoiFold e A 2870
24 (hypertonic solution)o] 22, 3745 ZHE] Na'o] HFH
o] dF TEIt FIE, dog P K'Y Fe 4%

@} wpEAS] MS-2224 lidocaine-HCl =2l w}h& Na'®#i3}
7F ALl gAY 23818 7Aadte] Ak 2EHE wd Wiy
AL 1YY AL A7t FEE] RFEoR ate] nEAlel
2yogs 288 43 o] EdsiA dojit &4
Fro] FFFS W) 99hA Ao ALY MS-2229} lidocaine-
HCl?) 4B FxdA 2988 Na'sEe v N &
Za" F2< Jeyed, oe 1A dHsEIEH
Na7} oA Z fEle) AsjdS =H3] A8t Na" HT
o] AFo] LY R oz FAHH L, o)F ulF 12-24 AT F-
o= AEMANA £E8 Vel wi3A ARoE Qg JE X
2R IJEHE S BT ) IRk o= FFolFol
A Kol e-& EFolA B} Al Ee] B =& FFaaL 3
£, MS-22291 =Z8 AHofoM vk 1A F K o] 24
Az FrlEe A4 FAE 98 Na/K" o] 2o
A7) Qe Ao =3 vl =20 9% AER v=
©] ¥3l= lidocaine-HCIY| =2 F¥oi9] 7%, vk 12417+
39l 23o]e] 7 300, 400 ppmolA mHH 1217 Fof] ThA
Z71e AL AYstie Ao BE AdoM AEAe] Wsirt
AR Aoz Hol wEHA] ARl F 2B o]
o) A A fA oEee] U Aoz B

Son et al. (2001)2] A3Me £ A7EY © WME v HE
3| BA 7S B o), B Aie AFoRrE FoolA
3B 7to] O L AESo] o Eorm AR W=
§ Fg A< A= Yehllo] ofF] Z7ld] JEE Wi HeR
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