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Effects of 2-phenoxyethanol and clove oil as anaesthetics
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ABSTRACT Schlegel's rockfish Sebastes schlegeli , distributed in the western North Pacific,
is an important offshore cage-culture fish species in the Yellow Sea and Bo-hai Sea of China.
Schlegel's rockfish juvenile, 55. 2mm (short juvenile, SJ) and 99. Omm (long juvenile, 1.]) in
total length (TL), were exposed to seawater containing different concentrations of 2-phe-
noxyethanol (200 ~800mg/L.) or clove oil (10~80 mg/L.). The anaesthetic effects of 2-phe-

noxyethanol and clove oil were studied. Generally, the respiratory rate of SJ (22.8/10s) was
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higher than that of L] (19.7/10s). The respiratory rate decreased significantly (P<Z0.001) as
the anaesthetic concentration increased. It dropped to zero in a short time (shock stage) at high
concentrations (2-phenoxyethanol: 500, 600, 800 pl/L; clove oil: 60, 80 pl/L), while de-
creased to different levels at medium concentrations (2-phenoxyethanol:400 pl/L; clove oil: 30,
40 pl/L), and it was mildly affected at low concentrations (2-phenoxyethanol: 200, 300 pl/L;
clove oil: 10, 20 pl/L). The anaesthetic time, shock time and recovery time of L] were longer
than S] in 2-phenoxyethanol. The anti-anaesthetic ability of L] was greater than S]. In recovery
period, the L] recovered later than SJ in seawater with clove oil, but there was no similar phe-
nomenon observed in 2-phenoxyethanol. In terms of anaesthetic time, shock time, recovery
time and mortality, the optimum concentration of 2-phenoxyethanol and clove oil was 300 pl/L
and 20 ul/L respectively.
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Table 1 Experimental concentrations of two anaesthetics

i 24 ¥ Anaesthetic W E Anaesthetic concentration (pl/L)
2-H4 W  2-Phenoxyethanol 0 200 300 400 500 600 800
T %M Clove oil 0 10 20 30 40 60 80

x2 WRTWHYERBEESBRELTAHARA

Table 2 Anaesthetic stages and characteristic behavior of juvenile S. schlegeli

JRR T AR B2 4330 JER B £ 1R AT R FRRALE
Anaesthetic stage Characteristic behavior
IE R R AT 56 TE i B T 3 1R 4 O g B 4 - £l
Normal condition Normal swimming and breath, normal general movement and adjust body balance quickly
T % B gL ) i B AR T W A5 9K T DA 9 R R B AT A R I s R
Mild sedation The tactile sensitivity decreases, can keep body balance soon as usual, breathes faster appreciably
119 B L 400 WK fil 5 5 LS AT S 5 R 45 B A, A 500 A O 3 TE R R Bl I bR
Deep sedation Sensitivity lost, rolling from side to side, some fish swimming unconsciously, breathes more quickly
T 4% B K i 441 RNy iR IR B e 3R LN RN
Mild anaesthesia Fish cannot recover to balance after being put to one side
IV IR T 39 WUPR ke F3 38 5 e o A G R 00 AR AS 35 L I 0T 3% o AU A A R A
Anaesthesia Muscle tension lost, not struggle after being put to one side, low breathes but rhythmically
VIR B R o1 ) i 8 1 o IO R IR AT 46 2
Deep anaesthesia Movement stop, breathes arrhythmically
VI 55 JER 4 34 PR 45 1k o 3 AR S bR 2 L A TR B A AT K A2 05 K R AR BE T

Shock stage Breathes stop, fall into shock, would die without being put into fresh seawater
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Table 3 Recovery stages and characteristic behavior of juvenile S. schiegeli

I35 W Recovery stage R Bt 47 R B fF Characteristic behavior

0 (A Bl 1L T & H B/ a2 O L DU ) I 1

1
Lie by one side, breath arrhythmically and with low rate
, £ A TR 5 LA T 1 52 B T Al L IR R
Fish cannot recover to balance after being put to one side
0 L5 7T S 5 AR R B AT A, 0 IR 00T 1E
Rolling from side to side, breathes close to normal condition
v ZZ AN FI M) AT LA SR e B R ORI IR 58 A Wk B I

Fish can recover to balance quickly after being put to one side, breathes as usual
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Fig.1 Respiratory frequencies of juvenile S. schlegeli (TL=55.2 mm, 99. 0 mm) in

different 2-phenoxyethanol concentrations
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Fig. 2 Respiratory frequencies of juvenile S. schlegeli (TL=55. 2mm,99. 0Omm) in different clove oil concentrations
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Fig. 3 Anaesthetic time, shock time, and recovery time for juvenile S. schlegeli in

different 2-phenoxyethanol concentrations (TL=55.2 mm, 99. 0 mm)
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Fig. 4 Anaesthetic time, shock time, and recovery time for juvenile S. schlegeli in

different clove oil concentrations (TL=55.2 mm, 99. 0 mm)
3 g

3.1 FREEF X BRI il I IR 5 22 Y 22 M

22 IE 7S R I WA A A A PR TR 0 110 S 2 T A ) o 0T A B R IS M 65 R I E 26 2003) L S Y il
CRE 945 2007) 45, DN kg 5 B IR AT A0 T 8% 114 i PR s 0 0 DR T i I 1A Q05 0 2 o 3 4 R AU L 1) 7K 52 45
N FERTEC, AR ST WSS B VR FCF- fih 4 £ I I8 50 4 [ 2 JBR 1) 3 38 F) L i A 3 T e ) BRI — B, A
IRHE (A 2 20001/ LB 4H 300 pl/1)2-FR 5 LB rprisd it o A (0P IR AR fe 90 1 min YRV R R L B S 2% 48 4K
B HMHRTE T F B KB P AR o 122 S5 9 3 B0 AT R 55 BRI 04 45 R A Ot mT B phy i B 1Y
R T 790 e J3E 2 S i i DT 7 e 3 B B M) o o A O 15 ) VR R RS R 4y 10 WP IR R S R R R R

IR WRZ A3 3 e 2 Il R A 52 1) L B A o I 0 5 A U R e et 8 B RS o a6 v i R D 7 ) 45 e B8 R
TR A T RIS 7 P fih )y A A ) I 8 1 3 2 S A7 SRR 24 R 0 R A P A IR R I (2- RS O - A 4 300
pl/LB 4 400 pl/Ls T AR By A VB 2 20 /1) v o 5 5 0 I [ B0 28 o P 030 23 18 1 1K 2 SO MG . g B
G VF EQF i &y £ X8 JBR T 70 1) TS 52 8 7 47 A6 350 W] 29 A 0 2 S 5 T R A A T 3 32 JRR TR 980 v 180 AV JRR L AR e
PR I 18] L 4 525 A (AT 22 S e s 1T B WA

3.2 2-RRZE.T HEIXIF K T 45 & 00 IR B R

BRI 1) % £ 1) JRR e 208 SR 15 e A TR AT — T O R, — PR 100 A BRI i T JBR TR R R B e 01 B A
2007) . AGRER & B TSI G < 2- A S R A 4 £ AR IR T RN S T I ] B TN AR A s T
7y T PR S R 40 £ A RR B ) AF T {E /N B A 4 o0 %) DR 5 i () B e 85 P 3 T 4 Rt ) 5 D S, RO AR & 0 ) S 1
85 /NFAR 4 £0 L R 4 0052 S B TR) G . R AR 4 00 06T JBR I 711 1) T 32 B 00 PR 1o TN R RS 4, 20K
S LT R 4 0 52 5 L /N RIAR 4 G248 (LA T A W rh ADRR . R R SRR B ) BT RN AR 8O 19 22 S T

T AR T B AIF b o B 0 Ik 32 55 BRI T] 1) O 28 AT PRI D0+ (LD Bl 25 JRR e 71 e B2 1) b T £ 28 BRI i) 28
WigE g, i 8 (Keene et al.  1998) i ffi (Hoskonen ez al. 2004) . K G5 (Woody et al. 2004) . KPH ¥
fi: (Hoskonen et al.  2004)4F ; (2) F 4 155 ¥k B RR B 700 B, B 25 9k B 19 b T A BRI T8) 8 A6 R K, 4 T % ( Hos-
konen er al. 2004) (KVGFEMN (Hoskonen ez al.  2004) . ZANSZEG A WL 3 1415 00 [7) (2) — B0, 7E R e 55) 34 2
— o M BE JT o L R B 0 X 1 QY- fiih 40y £8 AR B TR] B 52 e R B 35 (P>>0. 05) MR BE RSP A AE — A BE (2- 2R 4
P A2 300 pl/LLB 4 400 pl/Ls T &M A 4B 41 20 pl/L) 763K 2 188 58 0 B E 5 - AR B ] 5 ¥ B
A7 AE BH 0 9 X 0 G R &) fa A JRR B[] AN e JRR PR 700 9 5 7 S T 4



28 wwolk B 3 R %31 %

3.3 HERKREFRENHE

— BN g BIAEL AR £0 PR AR e BE WD AE 3 min Z NRRBESH Y, 7E 5 min AIREE, HURREESET R 0 (Mark-
ing eral. 1985), ABFFEA I WEER 200 pl/L LA ER 2R L8210 pl/L DR BT 7 B 8 a0 DL 1R
il 2yt AE 100 s BRI » £33 7% JE A 750 N IR RN SE T 2, A0 i T 22 560 S I T 7 1 R e 7 1P fih &) £ ) BB AR
WLy 300,20 pl/ Lo i 1 VR BE IR 3 4y £, AT A 40~80 s VME@W?M\S min N5, HAET %N 0,

Bt AF L FA TS TRAKFARAN GRS LHFEAA R THEER WS HEE BABEFRNFHL AN, L
AAHRLFREFRL EHE ENEH BERFRLLL % ,é’é\%ﬁ’«ké’ﬁﬁﬂf] e de— o A Bk

2 % X M

XK, R 4008 BRIUYE L 0 RSG5k AL ZE WL 2007, T MR B 3 T R R 0 A s O K Y L 28(3)

KUK AT BRI RS AR fi AR il SRR L 2007, B SRR ST £ 3A . il AR AL . 34(5) : 21~25

o A IR B I 2, T B 2006, 23 T B 4)) £ FE R RN S B RIS TR S, 27(2) : 80~86

oW SRR L SR H JF L BRAIAE TR . 2007, MS-222 T 7 I 2R e S BT 3 G 55 Y B 4 00 BRI RCR . R K PR 2 B A . 22
(1. 20~26

TR MR H L E B DS Kjell and Midling. 2003, FREF ) T 7 B %) 85 15 6548 S0 R 5200 MG ERE 2, 27(6)  11~14

JEPE ARG EARLL. 1999. I F MS-222 32 g K () 8. KAl 19(4) : 52~53

Ackerman, P. A., Morgan, J. D., and Iwama, G. K. 2005. Anesthetics. http://www. ccac. ca/en/CCAC_Programs

Anderson, W. G., McKinley, R. S., and Colavecchia, M. 1997. The use of clove oil as an anesthetic for rainbow trout and its effects on swim-
ming performance. North American Journal of Fisheries Management, 17(2): 301~307

AQUI-S New Zealand Ltd. 2004. Electronic document, http://www. aqui-s. com

Barton. B. A., and Helfrich, H. 1981. Time-dose responses of juvenile rainbow trout to 2-phenoxyethanol. Progressive Fish-Culturist, 43(4)
223~231

Bell, G., and Blackburn, J. 1984. Anesthetizing chinook smolts. In: Salmonid Enhancement Program-Preliminary Notes on New Information in
Salmonid Hatchery Propagation. (eds. D. F. Alderice, F. E. A. Wood & D. W. Narver). Canadian Data Report of Fisheries and Aquatic Sci-
ences. No. 496

Hoskonen, P., and Pirhonen, J. 2004, Temperature effects on anaesthesia with clove oil in six temperate-zone fishes. Fish. Biol. 64; 1 136~
1142

Iversen, M., Finstad, B., and McKinley, R. S. 2003. The efficacy of metomidate, clove oil, Aqui-S(TM) and Benzoak (R) as anaesthetics in At-
lantic salmon (Salmo salar 1.) smolts, and their potential stress-reducing capacity. Aquaculture, 22(1): 549~566

Keene, J. L., Noakes, D. L. G., Moccia, R. D., and Soto, C. G. 1998. The efficacy of clove oil as an anaesthetic for rainbow trout, Oncorhyn-
chus mykiss (Walbaum). Aquaculture Research, 29(2): 89~101

Mattson, N. S., and Riple, T. H. 1989. Metomidate, a better anesthetic for cod (Gadus morhua) in comparison with benzocaine, MS-222, chlo-
robutanol, and henoxyethanol. Aquaculture, 83(1-2): 89~94

Munday, P. L., and Wilson, S. K. 1997. Comparative efficacy of clove oil and other chemicals in anaesthetization of Pomacentrus amboinensis, a
coral reef fish. J. Fish Biol. 51(5);: 931~938

Soto, C. G., and Burhanuddin, C. G. 1995. Clove oil as a fish anaesthetic for measuring length and weight of rabbitfish (Siganus lineatus). Aq-
uaculture, 136(1-2) . 149~152

Weber, R. A., Peleteiro, J. B., and Garcia Martin, L. O. 2009. The efficacy of 2-phenoxyethanol, metomidate, clove oil and MS-222 as anaes-
thetic agents in the Senegalese sole (Solea senegalensis Kaup 1858). Aquaculture, 288 147~150

Woody, C. A., Nelson, J., and Ramstad, K. 2002. Clove oil as an anaesthetic for adult sockeye salmon: field trials. Fish. Biol. 60: 340~347



