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The efficacy of lidocaine hydrochloride and Clove oil as anaesthetics was evaluated in the Korean rose bitterling,
Rhodeus uyekii (Mori, 1935) and oily bitterling, Acheilognathus koreensis (Kim and Kim, 1990) at four different
temperatures of 10°C, 15°C, 20°C and 25°C. When complete anaesthesia was acquired less than 3 min and recovery
was acquired less than 10 min, the optimal dose range of lidocain hydrochloride at 20°C was 250~550 ppm in
Korean rose bitterling, and 150-550 ppm in oily bitterling, respectively. In case of Clove oil, the optimal dose range
at 20°C was 40~200 ppm in Korean rose bitterling, and 80~240 ppm in oily bitterling, respectively. Both of
lidocaine hydrochloride and Clove oil resulted in a negatively dose-dependent manner for anaesthesia induction
time in these two species. Recovery times were more variable in relation to anaesthetic doses, but in general higher
anaesthetic doses resulted in similar or longer recovery time. As expected, the lower temperature resulted in longer
anaesthesia induction and recovery time. The study demonstrated that lidocaine hydrochloride and Clove oil can
be used as effective anaesthetics in these two species. The results from this study could be useful for aquaculturists
industry and other related husbandry practices that require anaesthesia of Korean rose bitterling and oily bitterling.
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4l 5. 1988; 1998a; 2003; 2004). o & v} 3leHEa g
o} A2 & A7) Aol 8l o]FoAH, 2 A Fr & A
2 AR ST AR EA d o9 e84, 284, Azt
374 B TAF 28-S A St miEIAl (Anaesthetics) G $F
ok 5, 1998a).

*Corresponding author: ispark@huu.ackr

272

urethane, ether,
chloroform 5°] O‘C’Ur o]E BT HRIEZAZ wwyo] i)
= ARl THAEL e 23 o]W(Hasler and Meyer, 1942).
AR 2 Eido] 7P Ao ulst 2R (FDAY <]t 24
o] wHARE A o] HA oF nfHARE de] AR-EH 9l
= tricaine methanesulfonate (MS-222) FAFE o]7 o] o7
A" F A8/ s HAE 2197k #2717 (Withdrawal
period)°] 2F-Ho g FAF JrHSummerfelt and Smith,
1990). )

H2H=71R1 [Lidocaine-HCI: 2-(diethylamino)-N-(2, 6-dimethyl
phenyl acetimide hydrochloride}& =841 WA Eetz o £
A QA 9} HF- g0 ANSHT o, 0 ¥EE Y
ste] FH v AREEE amide® Q) v Aol th(Considine
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and Considine, 1984). ©}&{ 3t 1] vl & gL
Carrasco et al. (1984)°] FAE|=7IR1l COE FH71ste] Yo
(Cyprinus carpio), AP} B} oK Oreochromis mossambicus)
9 2Pl 7] (Ietalurus punctatus)E D302 vpE S A3 u}
UTH

A 5(1988)7 1t F(1988y P A UIFS wrolgt
s ateloll tiste olejgt Aite|mAlelel] 3k vl FnE B
2% vk o, GAkEgiel viFAl Dol Aol #ate]
51994y Yol &, 3 F(2005) W2 20y(Plecoglossus alfivelis)
E o= ARSI E3t ¥k 5(1998a; 1998b; 2003; 2004)
= BIEX|(Rhynchocypris oxycephalus), WE7W(R. steindachneri),
F =2l v (Hexagrammos otakii) 2 winter flounder (Pleuronectes
americanusys 1422 Gyl vy E0-2 B33 vp
UTH

Clove oil& Eugenia caryophylatta VW] 7], o, 295
oIX F=ZH1 Clove oil 3¢ 70~80%0l= FA4 £l
eugenol [2-methoxy-4-2-(2-propenyl)-phenol|©] =3} SHch(British
Pharmacopoeia, 1993). Eugenok2 AW 22 X|3}8of| A o] A
A 25 A (Curtis, 1990) 2 &S 7] 93 A EH 1A
(Maura et al., 19892 ARE-ESL 9o, Q17 ol A= uf-$- kA
siehal deAd dck(Miller et al., 1983).

mHEA7E U= Clove oil2 o F mHHAEA H Bo] &
2] 28], FAl) (Oryzias latipes), T3 (Carassius auratus),
%o, rabbitfish (Siganus lineatus), F-#171%=)(Oncorhynchus
mykiss), XFd ™| 7], thA FA0)(Salmo salar) 2 sockeye salmon
(O. nerkays®} ThFet A&l 2 vl a3} 54 v Ak
(Endo et al, 1972; Hikasa et al., 1986; Soto and Burhanuddin,
1995; Keene et al., 1998; Waterstrat, 1999; Chanseau et al.,
2002; Woody et al., 2002). Clove oikZ Cho and Heath (2000)2}
Wagner et al. (2003)°} ]3] chinook salmon (O. tshawytscha)
S} FANFAA A o7 wHAEA Pt AP ste] MS-
2222 AT 4 lon, i =TS R R Fep) 7k
of Wa gl A A st Qo FAL, kAl & Aol A]
ARG 710 A sietar Bk v) gl

ZIA18-01 Rhodeus uyekii (Mori, 1935 %Jo)%(Cypriniformes)
o] WAFolk(Acheilognathinae)ol] &l &+ 1§ HgolF
2 Maljot HalE 52 7} sl ERxE AHolv A
4~5emE T2 Ho® FAsht AIF vk =2 Yof A
2 2 dhFoEN, AT E=UE, 1977; A, 1997).
ZpAEoiet MR R ol &, Aol ek 2R,
Acheilognathus koreensis (Kim and Kim, 1990) &A] $+=
T B2 B olde] AR fYdle s dalE Y
Sk Pl EEITE ol A 68 cmE B2 FOo=
St ol ANME Mo F2E Ay wjEe A
3T, 1977; 4, 1997).

B AFe 2B AgRTE dPdoE Fr) Fo e

T Q) FHg FANESE AFA] oA Y] ~EYAE G
A717] 91Eke] QAo Fafslal ebdAdo] E& ofF ulF gl
=TI Clove o0ilg ARS8l 28, WA F2¥
nE aaE ZARIY. okgd EEE A9E BEdE 9k
7113} Clove oilo] ZHAJg-ojeh Zhgdal-Foll A whs A =4 €]
a3 - HEAAE getsidlon, 3 il Clove
oilo] B Aol AM-EH FEL UIFOR g o) F vpHAEA 9
71438 971sisdch.

A)
o

2}

Aol W OHH|
ge

] Al Feke) nia a3 SUE $19) (Carrasco et al.,
1984; ¥} %, 1988) FEMIEF(NaHCO; Sigma USA) %
FEE 1,000 ppmeZ 3 3 il eTRIEIS ek FA AL
sk=hye] 7 FEE A3 Clove oil (Sigma, USA) stock
solution® Clove oil (3] 90%<] Eugenol ¥-)S 95% ™ &
2o 1:109] B]E&E Ho WEATH(Cho and Heath, 2000). ¥
E0]d Clove oil stock §8-2 AL&3l o3} X|3<RE 84,

Clove oil®] 7+ & 552 AA s}

ot E3 A
ZiA B¢} G ARE e s Ak =TT} Clove oil
7} el upg 28 10°C, 15°C, 20°C ¥ 25°CE 22]3)

o] v} A1ZH(Induction time)s} 3)E-A]7HRecovery time)S Ef
oM g AREEle] 2 TR SASH T E AgdM = v 5
27 38 28 A sien, viF AF s A o
A& FAAFHT B AR 7] - 4ol HE S0 L
Gl kY FEEF 40 LR FFHE F APeE =
ZAA PN 2ARRALE ol F F7] ] AR
sl FEAIHE AT 4 niE Al T, 2ol
Zh npd 2 AR ZhABolel AR 22t 200k
ol L, 3359 RIAE-E AAEST

(1990), Keene et al. (1998) ¥ Mylonas et al. (2005)2] v}
a3 B 71ES NSt AAEch mEARE (B
Zhe] gt A4 (Stage A3)E AFst (0)F2 A=A T2
Zh(Stage AS) FEI7HA] AQ.HE AZROR AL, 35AIT



274 BAF, Aen), A, QT AT, A8E, vk

Table 1. Stages of anaesthesia and recovery from anaesthesia employed as endpoints in the present study (modified from Summerfelt and

Smith, 1990; Keene et al., 1998; Mylonas et al., 2005)

Notable behavior

Stage Description
Anaesthesia h - -
A3 Loss of equilibrium
A5 Deep anaesthesia
Recovery
R3 Regain of equilibrium
RS Total recovery

Total loss of equilibrium but still evade capture, pectoral fins moving, regular opercular ventilation
No movement, loss of responsiveness to tactile stimuli, slow and irregular opercular ventilation

Complete and permanent recovery of equilibrium, regular opercular ventilation
Responsiveness to visual stimuli, avoidance swimming

o Y AAE SE5e) olB5T F @FFS BT ol
(Stage R3) ¥ (b0y4F 9] 834 Azt Al 93 (Stage
RS) e 285 A7o 2 s,

SHXz2

Aol doja Hike)=71913} Clove oile] 7+ F=9 v}
FHy2oxe g3 B olEY F BolAE AR AAT]
7] $13te] One-way ANOVA (SPSS 9.0, SPSS Inc., USA)S
AE-3F4 3, TS0 3= Duncan’s multiple range test2 747 3}

Act.
2

nhH gl B & o] 20°CH S 2Bl AR o
AE=7IR13 Clove oildll W3t vi3] &3}<= Table 29} 7t
2R 5019] 739 A7l 50 ppm} Clove oil 240 ppm

Table 2. Effect on induction time and recovery time for Korean rose
bitterling, Rhodeus uyekii and oily bittering, Acheilognathus koreensis
anaesthetized with lidocaine hydrochloride and Clove oil at 20°C

Rhodeus uyekii Acheilogngthus lgqreensis

0se S
(ppm) Induction time Recovery Inductiontime Recovery

(sec)* time (sec)* (sec)* time (sec)*
Lidocaine hydroclilo?de o
50 - - 45485 42 61+5.9%
150 194%22.3* 48+9.1° 112+18.6° 69+11.6
250 9749.3% 79+39.4% 64+11.3° 83+30.8°
350 77+11.8° 86+26.5°  55+12.9°  121+29.5
450 62+9.7° 99+10.7° 47+3.3° 131+28.9%
550 32+7.5¢ 106+49.0° 30+2,6° 140+28.5"
Clove oil
40 180+40.3*  69+19.7°  198+53.5°  104+20.7°
80 84+15.3%  74£19.2°  103£12.0°  134+30.1®
120 42+1 0° 88+15.9° 72£16.9%  157x49.1%
160 40+1.3¢ 93+29.7 63£7.7 190+39.8°
200 34+7.2¢ 97+23.0° 48+1.9° 194+31.1°
240 - - 43£11.9°  200£38.0°

"Values are means+SD (#=20). Different superscripts are significantly
different within induction time or recovery time in each species.

AMe mE &7 vehdA &gt A Eole |4t =gt
91 150~550 ppmollA 32~19432] AR BPoH A4t
YT Tt F/HEE wFAZRe Zadke AES B3
2, 554 o4 2polE YERATHP<0.001). ZHAEele] 4
A =71 150~550 ppmoll A1) B]EAIZHS 48~10633 WE
won Gikeledel TRt 7SS 3 EAIZ A kst
ok, FEE {1 Alole HolA] BUTHP>0.05).

ZdATe] QAR =711 50~550 ppmol| Aol whH A 7R
30~445%, B BA 7S 61~1402F ZHA]Bolol|A 9] niF HE
F oA R GahEEdel T Ftl uet @Az 2t
49} B EAZMY] F71E BYoH, FEE o3 Xjol& Y
WATHP<0.001). ©FHAAIZE & 188 71FEA] DRSO 7S
= GAYEIR 450 ppmeld] W, ZEAFE 250 ppme
Hoj Zgdrlg7} kAl golsl vls] dalelzil AsEed B
743 vl AFHE Holi JrkP<0.01).

Z}A] B0l & Clove oil 40~200 ppmollA] 34~1803=2] = A]
7v3 699729 3 EAIZHE RATH AEAFE Clove ol
40~240 ppmol| Al 43~1983%9] WIHAIZHE 104~200329] 3|5A]
7+ Bk Clove oil2 7M1 Eoi9} ZHAFE npHAlY] vt
F aFe gAEETRIe R 7ol RS niH el
o) o}F azjel U, v sE7F VTS vpEA|
2 Al T2 F9F xolE eRHIEL(P<0.001), 3
A A 7 BAEE R0y w2 {93 Aole B
o|Z] AATH(P>0.05).

ek =711 9] Atels AdRtEAlL, Clove oil 2

o o

J

f ro of

SEOA A Fol BEATA Hlsl BE PN F, =
AL BATHP<0.01). FRIARE oF 188 el SEe

=g

zZhrBolel 39 GakelesilolA 450 ppm3d Clove oilollA]
80~120 ppm 22|31 ZEREEQl ¢ GArE =71 250
ppm3} Clove oildlAE 160 ppmOEA], ZHA] 509} LA
ol wpEAI7E oF 189 AL HE TEE dAtE]=FI0] Clove
oilel] ®lal} =it}

10°C, 15°C, 20°C ¥ 25°ColA <] gAr] =712l 2t Tl o
gt ZtAjBol ) miF At B BA 7S 247t Fig. 1a9) Fig. 1b
9} 7}, ZhABojoll A o Gk egl wR tist v
N7V} Bl EA| 7R 7h2h 25°C9] 50~550 ppmoll A= 15~427%
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Fig. 1. Effect on (a) induction time and (b) recovery time for Korean rose bittetling, Rhodeus uyekii anaesthetized with lidocaine hydrochloride
at 10°C, 15°C, 20°C and 25°C, respectively. Vertical bars indicate standard deviation at each means (#=20).

o} 27~93%, 15°CY] 150~750 ppmollAE 69-~40432F 80~130
%, 10°CY] 150~850 ppmol| A= 90~1,078%2}F 85~155% ©I
o, 20°CoA 8] wFHAIZE B 3|5 A7 A= Table 29} 7
ok 7} vl oM nlE ) ol npFHAMe B
ofA| M B EAJ7EE: oA = A o] FEH o vEhton, v}
F Fo] IVEFE AsroA vl a3t 9 skt

10°C, 15°C, 20°C B 25°Cell ] sk =7}e] 7 wime] U
g g v Ak 38417k Fig. 2a9) Fig. 2b9} 2
oh Ao A 2 7 A ekl el e viEA
243} S| EA 7R Zh2t 25°C2] 50~550 ppmoll A 15-385%.9)
61~1552%, 15°C2) 150~750 ppmoll A& 33~283%9} 76~163%,
10°C2] 150~850 ppmollME 64~5903%, 139~234% o]0,
20°Co| A9 Wl AIZE B S1EAIZE A= Table 29F 22T}, 7t
i FeA v ot EoldaE nEHAE FolAH
B BN A= Aol FEH R e on, uiE 4
20| F7FRE AFEdA v 3 vle s veRdt

10°C, 15°C, 20°C 2 25°CelA1¢] Clove oil 7 F=o &
7N gole] sl Ak 35 A7 Fig. 3a9) Fig. 3bet 7o}
ZEA1Bofo| A w29 7} Clove oil o) Tk oA 7
3 FEAZE zhzE 25°CE] 40~200 ppmolAE 55~1253%9}
55~125%, 15°C9] 80~320 ppmellAlE 25~30979F 81~190%,
223 10°C9] 40~280 ppmel|A= 30~28959}F 119~325% ©]

—

i)

o

ATt

ZExEo)oll A 422 25°CE] 240 ppmPF 52 10°C9) 320 ppm
A= v E3rt gllem, 7 20°ColA 9] v A1 &
3 EA|7ke] A= Table 29t 2T} 7) vl M vl ¥
T7) Zobd s wiF A AolA Y SEAI7RE oA A
o] FFAOE eI o, vl FR0] SUIETE AvE
WA miE g3} vS FElEiadth

10°C, 15°C, 20°C & 25°CeIA] Clove oil Z} w&=of tig Z
AR M g] A 3 EAZRe] H I Fig. 4a%) Fig. 4b
o} 7k}, ZRRA vl =2 Z} Clove oil &&= o3k
WA 7 ) BB A 7R 242 25°C2] 40~240 ppmel e 25~183
29 111~195%, 15°CY] 80~320 ppmolA & 40~161% 9}
200~528%, “ZE13L 10°CE} 80~320 ppmol| A& 47-215% %}
282~653% oItk ZgARlA mEE 2 10°CE] Clove oil
40 ppmoiM = v E37F glsl o, vk =2 20°Co 41| v}
A7 @ 3B A|71e) AIR= Table 294 7t} 2F vl =0
A v TRt ol E nEAIS FolAH 3| EAIRS
AR o] FEH R Veton, niF o] Fr1e
T2 Ao v a3t us T JERsT

A goie} Zhdabgol A tedst w2 28k f R
v} A7k e-she GAR =R} = HEl= 50~850 ppm
O F Clove oil®] £ H9]¢l 40~320 ppmel WIEte] =4 1}
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Fig. 2. Effect on (a) induction time and (b) recovery time for oily bittering, Acheilognathus koreensis anaesthetized with lidocaine hydro
chloride at 10°C, 15°C, 20°C and 25°C, respectively. Vertical bars indicate standard deviation at each means (n=20).
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Fig. 3. Effect on (a) induction time and (b) recovery time for Korean rose bitterling, Rhodeus uyekii anaesthetized with Clove oil at 10°C, 15°C
20°C and 25°C, respectively. Vertical bars indicate standard deviation at each means (n=20).
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Fig. 4. Effect on (a) induction time and (b) recovery time for oily bittering, Acheilognathus koreensis anaesthetized with Clove oil at 10°C,
15°C, 20°C and 25°C, respectively. Vertical bars indicate standard deviation at each means (1n=20).

ER}, 2P gojh AR mh31A) GaE7llol Hlate] Clove

oil] AEieollx B& F219 vlH W2 B}

[

2

offF mHH, piEe] AL ofAE XA F oA
A e BN HAFS QA 80, o FollA Fu AE #
2SIt 5, 1998a; 1998b). ©]9) TlEe] o] 7S oz
A
&

st YA A7, 5%, A, AR 2, Bo] Pz
W Q1F A, WS GYRA) ) U A 5 A5
TH}(Summerfelt and Smith, 1990; 8} S, 1988, 1998a, 1998b,
2003, 2004; 3] 5, 2005).

SRHAIZEE W T Rt ulE gl HEE Ao
R U o B A1FA wdsle] nA Golo R iE u
F i olFE AAsks U7A AQEe AlZlold, 3EA 7L
& vl by o7} B Ee s 2L FRahen) 4
2¥]= A7k th(Summerfelt and Smith, 1990).

& A7 A, 200004 oF 12wkl wHE7) fEsE dite)
=719 e ZbA B0 A] 450 ppmol Yo BHARE 250
ppm BN, ZhgdApe 7t ZPABojo]l nlsl] @Ake|wa)el AFm
oA WY vk EAE RO B AP TAD 63 27
9l e 200Ce FAFEAR 0T WEAS MENS

mFEHA] WEHAIZE oF 138 UER = dAEI R TaE WE
27} 300 ppm, HEZR7F 400 ppmo]ATHEF 5, 1998b). o]
gk AR alol= F BolA, Fe AV, viEPbE | v
A8 SA3H e oA FHe-E F AtHGilderhus and
Marking, 1987; Son et al., 2001; ¥ &, 2003).

gk, AR 27RO 8 Al mpFH AL oF 15-S Vel
T v 2 10009 15°Ce M HEXE 22 600 ppm,
400~500 ppme- 283 WME = 22 600 ppm, 500 ppmrd
viepd Azkel 2 Adge] drkmRIe R nhy =2 10°Ce)
15°C 207 mpFA] mpAIZE oF 1588 veplie 4] 5
& 850 ppm, 650 ppm& A= H|WA], Zda}E 7 EX] 9} ¥
S0 Hla] FaRegiel el fEe vl a8 W
o3 Utk FAETIRIY Wi FEIF 245, a8 v
F2o] FTHEFE v AIdo] HolAE viE dils B 4Y
oA} s R 2 AR Gl 5, 1988), H=arlol &,
2003) 2 winter flounder (2} 5, 2004)°l4 = Wehtar gloh

Endo et al. (1972)°] 45 @0]F5, 222 Hikasa et al.
(1986)°] JA(Cyprinus carpio)s ’FLE Clove oild] 3t
1 GRS A A o] %, He Aol /E Ul E Clove
oilell gk vt F3} XA} smallmouth bass (Micropterus
dolomiea) (Peake, 1998)} XFdI™|7](Waterstrat, 1999)%. ©]=
o7 u} 3lt}, o9} 4ol Clove 0il2 o1 FE Ao 2 3t np3
Al mEE A B EA ] Qlo] "R o f viFHAZ T2 AL



+ quinaldineo|t} MS-2229] 13 aE HrleleE 548
3L itH(Anderson et al., 1997).

2R e 7164 Clove oil2 4~& 23°CollA wlA] 2~58-¢] n}
HAZHE Kol Clove oil 355 150 mgl!' ol%lom,
smallmouth bassoll 4 Clove oil2 42 10°ColA mIEA] 2~58
9] upHA|7HS BolE Clove oil FEE 60 mgL' Q.24 (Peake,
1998; Waterstrat, 1999), £ I Aalol= vl3] & o s
g v AR Zo]7L Qo] A BlaE oy M2 H
AR ulE] A3 BT ok datelmgieldiM e datel
IR & R A k] Qlo Clove oile PHY 7} B84
E, 20 vl Fo] F7HEE niF A7) FolAle nhH
"398 B e, o218 Clove 0ild) & U ulF] 4289 o}
& "4 732 European sea bass (Dicentrarchus labrax)%}
gilthead sea bream (Sparus aurata)s S 2 3t vz Ag
M= A YeRaL ItHMylonas et al., 2005).

OfF wIHAE AREA], ARSAF B ool thEE miEAY) <
A4, 884, 7848 2 A9l FAIE e sledol s, o
Fol o] mAAEA Y o Auk EAJL wiEslo]of $hc)
(Bell, 1987; B &, 2003): AA), r}FHAI7-L 32 1]
F PRIARE O% ok B4, uE $of 38
2 vk 2 Frojol stk AlAl, tiA olFlle 54
Sk WA, HF3H] QA AMEA] ARRAl Al
o} vAL, o olFe] AElu sl FES FA] wolo
t}; AR, wlH A7} oA WelA mEA] wiE HAY B
Ab S0} oA Yol ZE3A] gkobr] FoFr) kel thEk ARE- A
gho] glofof sich; AFA, AL W Ao W2 3 &
It A EC] flofof Sk A, 7H ] gk gt

ol2igt wHolA B A AMgE Fatel=TlH Clove
o0ilk& ZpAlFolol TRl o] miHA] o F rlFA|EA Q] At
F& AHs) 233 o 53], galalwylle] el =
& 803 ARSI Clove o0ile] 2 482 eugenolo) X
# AFA E A5A} AFHAIHARE AHEEH Yok HES
31 A] “general recognized as safe (GRAS)Y’ZA] o]59] ¢1A)
QHAY Eg =05l AR P TH(Schnick et al., 1986).

o f A= AAH M 9] 2B 2 vk, BAYALE, A4
28, oM S, A 9bE, Y, 8N A3EY, glycogen,
lactate, pH, € o] 2 Bl 4%, W&, £7} 217} 2 A} 2F
S BN AT 0)2idk miE B3 o)A 7} vk A
o =% FA Flx FAZF %2 4 20-3(Bourne, 1984;
Summerfelt and Smith, 1990; 3 &, 20052 8, 25 4k
=717 Clove oilo] 213t v}3 & ZkA|Bo)9} ZyalFo)
A v Qv ARld wkge] B3 A7) Dk
Az, ok, o8t ditkel=IelF Clove oild ARZ-3}
o ZpAjgolo ZEARE o g BlS Tk ofd =27) 8
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