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The Anaesthetic Effect of MS-222 for Longtooth Grouper, Epinephelus moara and the Hybrid Grouper, E.
moara % X E. lanceolatus & by Jong Yeon Park, Kang-Rae Kim and In-Chul Bang™ (Department of Life Science &
Biotechnology, College of Natural Sciences, Soonchunhyang University, Asan 31538, Republic of Korea)

ABSTRACT The anaesthetic effect of tricaine methanesulfonate (MS-222) concentrations and
water temperatures for longtooth grouper (Epinephelus moara) and hybrid grouper (E. moara & x E.
lanceolatus &) were investigated. Anesthetic induction and recovery time were measured at 18, 22,
26 and 30°C of Cwater temperature and 100, 150, 200 and 250 ppm of anesthetic concentrations.
Anesthetic induction time tended to decrease with increasing concentration and water temperature.
Recovery time was proportional to concentration, but inversely proportional to water temperature.
However, there was no significant differences in recovery time at 22°C or lower. The optimal anesthesia
condition was 30°C and 100 ppm, which was the shortest recovery time for longtooth grouper, and
150 ppm at 30°C in the case of hybrid grouper because anesthetic time is significantly different with
100 ppm in spite of no significant differences with 100 ppm for recovery time. As a results of two-way
ANOVA test, there was a significant difference between the species of longtooth and hybrid grouper.
On the other hand, there was no interaction effect between concentration and species. Also, there
was no interaction effect among species, concentration, and water temperature.

Key words: Anaesthetics, tricaine methanesulfonate, hybrid grouper, Epinephelus lanceolatus, Epinephelus
moara
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wol] gFF O R ARE-EI QO™ (Massee ef al., 1995; Topic

oi5ol YoIA AL A, A, AS A 5% 52 o)
S ol R ) AT AEAAS FLAAY BE
552 BEHE Y] A SuoR ASET Ut
(Pramod et al., 2010; Topic Popovic et al., 2012). 13 0}
AL S4E AL Qo] ool 2 G 71E % et 5
8] B0l BAIA AHE Al Bk uha vt sk g
E4E 288 S7tEE AdE 2o nhHAY AR-S FEEt
L7 =EA|7ko] 2 FEth(Sada, 1985; Park et al., 1988).
Tricaine methanesulfonate (MS-222)& o] FulF A 24 9

*Corresponding author: In-Chul Bang Tel: 82-41-530-1286,
Fax: 82-41-530-1493, E-mail: incbang@sch.ac kr

— 235 —

Popovic et al., 2012), Y¥tF 02 n}F%E L= 25~100 mg/L
2 AM5, &3} 7 = (water hardness)®qF o} 2} o] 79
%, 37] 53 #Ho] ok (Marking, 1967; Son et al., 2001).
100 mg/L ©]/+8] MS-222 upHA| Aol et o]d A= F
A 7501 (Oncorchynchus mykiss)oll tgt 37F4] npHAZ A}
g4o|F 8% FElE X A¥ (Pirhonen and Schreck,
2003), Y1 (Cyprinus carpio)°] gt v et & 9 HEH
&5 AE (Houston er al., 1973) Atlantic halibut (Hippoglossus
hippoglossus L.)ol| gt MS-222 u}3 A& (Malmstrgm et al.,
1993), 59 (Morone saxatilis)®|| T3t 57}A] vt A| H7} 5
o] Huxo] glo} A Ruje|e} dishate], wgEol gt
MS-2229] A% wh3E =] gt A= it}
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A}t (Epinephelus moara)s= &% (Perciformes) 8} 1+
(Serranidae)®]| £3}1 AtS % W 4R Yo AAFH= 01‘3
2 tE ofgd Bt of 7ol vl A2 WS 7HAL §
o, g ofFLes M3 agE EFSHA|T(Song er al.,
2005) Ao etk o] k. tiutE (. lanceolatus)
L ofdn) Fo2 4ol M1 ned WAL AT UA
W AS WAl STt £ Foze YETue 4T TF
A B3 A3 Apehelet euke) 7k g B

27} A v} Stk (Park, 2016).

deAeelo] da ATE BARES o8 g
o] Y (Chen et al., 2018), thFAHFE] o] A3+ £4 5
X (Tang ef al., 2018) 50| B v} 9oL}, vhela of sk
2ol 2 o578 7] 913 wHAE e HuE v gl

T 2 AFolAE Auleig AE teAue e o
T R FY S A% Al HES A8 MS-222F °]%
sto] 23 niFs =g gEls AN S EATE 2 AE
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2 AMgeE Apetejeh digAtukEE 20149 7Y€ A
AAT el A Aatatglon], Aol £HY
ERAQGAS AFPAR 2235h0o] 127} 20°C, 300 L
DY AREFRA SAF oW, AFAZ 24417 HRE A
A3tych Agolel Hat AF A2 A7 925+ 1.15
g (n=20) 18I 8.25+0.7 cm, A7} 11.69+1.7 ¢
(n=20) 183 9.29+0.52cm 91, 2+ v} AP 1E 100t
A 3ukE o 2 Adstqr.
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2 24 olFd Ak e wFFQ A 9 A
Aegd nEdte] 18°CE 7|E 22 AFAE 4°C 7144
Ql 22°C, 26°C 183 30°C 47|12 A5t 2™ (Kaschner
et al., 2016), MS-222 (Syndel, USA) 5=+ 100 ppm< 7|&
©2 50 ppm 7FE L2 Yo 150 ppm, 200 ppm 12|31 250
ppm 4702 F 16773 APt A FA| A7
20°C Aeglon ZF AP 28 FX517] S8 2=
Z "k (530 X390 X 250 mm)©]] 35 309} ofojAES 1—’;]-
ofojgo] g FFAIL 22°C, 26°C, 30°C APFE HAEL
%27 7] (OKE6710HC, Busan, Korea)@} ElE‘r‘ﬁf‘slH%GOO w,
Aquatech, Busan, Korea)2 ©]83}9 7}231420, 18°C 4
Ate &5 o]&sto] o2& A

Table 1. Stages of anesthesia and recovery from anesthesia employed
as endpoints in the present study (modified from Lee et al., 2017)

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 behavioral response in stolid
5 Total behavioural recovery. Normal swimming

al.(2017)9) =Fo meton,

2 Lee et
el s v WERAS 9, $9L e ¥

23 opful £5& AASHE AH (stage )14 7| S5,
38 2 4 30LE €2 AHEE vt V8 FF
SHEL, o] uhHE o] JFE BFA Qo Yo JEAE 57
sttt 512 mue BT HRT ok W ol A4
4ol R9E Holk AUOR Bo] 2 TN AZHE /|25
St} (Table 1).

4. SAXz|

A A3} BA 2= SPSS 20 (IBM SPSS Statistics Version
20 program, SPSS Inc. Chicago IL, USA)Z ©]-83}%] one-way
9 two-way ANOVA testE 433t om, 5EA 7140 H&=
A1¥3L= Duncan’s test, -r/\} 714 0] otE]= A¥ L Games-
Howell2 Ha 742 52148 95% oA At

o

my

i,

¥

ApatE] oF o dApaE] o] MS-222 =9 2o wE nfF
92 FE A7 AY A= ZHzF Table 29} Table 39 WeR Q)
o 2E APFA Y HEELE 100%2 HA A= RS
=

Zhate] o] mpHA TS 21 FETF S-S upR Azt
o] wWh=A UETHP<0.05). At e #23} nhFsrEo
et A32E GE dolRy] 9F) oY BEAE o=
A% 49, $Y SN nHEs = SUME S, Y
FEANA 0] 2E5F npFA7o] BotA= F 4
Atol 9] A3 2hg A a7} UERGTH(P <0.05).

e



237

Xittz| et chxtdt2| el MS-222 OhF & ot

*(dnoag;o1 = u) oyeordin ur powroyrod 91om SJUSWAINSEIIA (IS F UBowW St passaidxo are

soneA (S0"0> J) Imeraduwo) 1ojem UMM SOOULIJJIP UOHENUOU0)) JuedyTuss o1om jdiostadns ases 1eddn) *(S0"0> ) UONENUOUOD) UIYIIM SIOUIRJFIP drnjeradurd) ojem Jueoyrusis o1om sydosiadns ased 1omo

¥00°0 (422 e 691°0 9¢'1 1! uonaerau]
1000> cL9¢ 9LIST 10000> 9T'9Ce 0 IsveT uonenuasuo)
100°0> ST 60¢ 0e0clic 1000> €1'6c 0'v60T amyeroduay,
anfea-4 anpeA- arenbs uBon anfea-q anfea- arenbs ueoy VAONYV Aem-om],

gL' TTFOTIL aqS el F 1Yl aq9 LI +8¢€91 gef LFLE6L g8 CFTET aq€’ 1 +86¢C qe0’ 1 F1°9¢ geC O0F G8E 0S¢

vpl €EFV'S8 gol LF6'8CL aq8' 8F 6961 oeC €EF PV E0T apl CTFL ST .S TFT'SY 2al' TF9ES vel TFTLS 00¢

vpd LFE98 voSTFILOI vae I FTIEL ave0 9F L8] g9 TF90¢ gq VF9°9¢ ge8CF 189 ve8 VF9CL 0S1

vpE €F 118 vo£ LF966 vaS 8FS0CI vel €F6°6LI vqS 8F 1911 vaqee 01 +T6CI vl €1 FLIE1 veS9CFTOSIT 001

D.0¢ 09T DoCC D081 D.0¢ 09T DoCC D681

("7/3w) uonenUIIUOD)

(095) own A19A009Y

(09s) own) BISAYISAUY

sornjerodwo) Iojem pue SUONEIUIUO0D 77Z-SIN £q (L smpjoasuv) g x & vavouw snjaydourdsy) 1odnois prqAy jo sowr) A19A0091 pue SWI) UOHIINPUI JNAYISAUE YL, "¢ O]

*(dnoigQ1 = u) eor[din ur pawroyrad A1om SHUSWAINSLIA *(JS F UBaW s passardxa

a1e sanfeA (S0 0> d) 2Imeradus) 1ojem Uly)im SOOUdISIP uonenuaduo)) Jueoyrudis orom jduosiadns ases roddn (50" 0 > ) UONBNUIUOD) UIIM SIOUIYIP dInjeradwe) 10jem Jueoyrusis arom sydirosrodns oseo 10mo]

L1I00 SL'e €79 1000> S0'8 V' 1€9 uonseruf
100°0> €891 8'866¢ 100°0> S'L9 €'L6CS uonenuaduoy)
1000> 86'CS 016STI 1000> Sy 6y 9'6L8¢ amyeradway,
anfeA-d aneA-g arenbs ueo]y aneA-4 an[eA-g arenbs ueo]y VAONY Kem-om],
g9 CIFI'16 avol LI FV I 5a79FL6LL veS ST+9LEL gqC CFCTTCL 5eCVF8EC 5 CF09C veb0 €F9°6C 0s¢
g9 SIFI'16 g9 VF8E6 el VFVOLI vae0 9CF9CII g0 CF+811 59 CF0VC 5eS SFOVE ved SFT8E 00T
avqC 81 F89L val CFTOL gel STF80CL veC 6FCLIL apC CFCTSI gV CFTSE gq60’ I F+9779 vel 9OFEV 0S1
ve8 €F 819 veS €F6°S9 v €l +6601 veS SEF1°9C1 vV EFTVC voa8 EF9ES v 8F SO vV TEF 601 001
D.0¢ 0:9¢ o244 D81 D.0¢ 0:9¢ D0CC D81
(7/3w) uonENUIIUOD)

(095) own A19A009Y

(99s) win BISAYISAUY

sarnjeroduwo) I9jem pue suoneNuadU0d 77g-SIN Aq (vavow snjaydaurdsy) 19dnoi3 y100)3uo] Jo sawn AI9A0931 pue UOINPUI 1JAYISAUR Y, *Z S|APL



238 urEOl. P - wel

12

A2 RE FEAZHL 100 ppm AF T A 18~30°C
t 126.1~61.822 AYPF Tto] KT Zol7h AT
(P>0.05), 150~250 ppm AE oAM= & F7to] w2t &
o3t atolE H ek fHH ApuiE| ) nhy £ 3 HA |7k HiRt
F2 v FEo) it A2 adh A mpEAIZEY 22
A3E YEHY AUTHP <0.05).

it o NHE e ASERTh HuAzt] § He
=4 (Son and Lim, 2008; Han et al., 2011; Lee et al., 2017),
&2 AFoNME = WE AubE] o] EAZS 18°C AF

£ A5k 22°C, 26°C, 30°CY] AY++= MS-2229] 5%
7t S7FEE 3 EAo] F-Y8HAl F718HETH(P <0.05). ]
= Min et al. (2008)2] clove oil2 ©]-&3t A1} (E. bruneus)
b uke &1L, Son and Lim (2008)2] MS-222& o]&3 A4
Ab 2 QA ZFAE (Acanthopagrus schlegeli) U+ B LA,
Murai and Catacutan (1981)2] 2-phenoxy ethanol @ MS-222
£ 9|83} milk fish (Chanos chanos) "FHAE SoA=E 5L
S mhAl ] BT £ 24 BRARE SIS AL
Hel B A7 ATe} FUshc,

i FAbube] o MS-222¢] &J3t uFHAIZERE 100~250 ppm,
18~30°C AP oA 20| S71e+5 283 =7 57t
s FoATHA FEEH AT (P<0.05). 20 vhF =] of
o A52E A gotiy] fsf ojduiAE4tEA R 2
At Aat Aete] AP 20} vFviRE FY A
st S E, Y =LA 0] 22
R AIZEe] FobA] = F 8.9 Ato] 9] 43 A-E AT YElg
oH(P<0.05).

o wE dgAute Y S5 MS-222 100~250
ppm FENA 0] FHASE FBAI] FAHOE §
oA TdEHE= AeE YEHTH(P<0.05). 1HF & 35
A7 & 18°C Ag oA 100 ppme 179.9+3.1%, 150

ppm 187.33£6.93%, 200 ppmE 20343322, 250 ppme
193.73+732 2 150 ppm} 250 ppm- F7HEHS 29T 100
ppm¥} 200 ppme] AEF= K23t AolE HATHP<0.05).
150 ppm} 250 ppm F+3+2] 3 F A7 | S YE = A
2 ART W ZE AT uhHE S0 JEATES HAIR)

¢ Aoz FAE, B3 Ao FEHAA YEhu=
WA Zolof w2 w2 218 200 ppm AHT A
3] wiHE e dole upFAlol A3 =8 A7 U
7] ol HoETh 2 18°CE A3 22~30°C 4

= A (MS-222)9] F=7F 571 3 EAIT] {9
A =A F7Hhe Aoz UEhythH(P<0.05).

ApupE] of fFApute] £ F o] whF AT o] tigt Zo]
£ gotr7| 93l o] A AR S 3T A}, upHA|
H} Bl g A7) F uhElsk, 2o FoF oS Ho
(P<0.05), Aut2] o} Aty 7 Fof| mE mhHan xjo]
7h RSt ¢ F3 niFs e, 29 45AE ant
Az A= F9JEE Zpol7h Ao, B EAIZE] QlofA]
€ 4 vHse Y ATALER F, v, 2 1Y
A2 a7} gle Ao Z YeRGthH(P>0.05, Table 4).

AR nHsEe FAREY P LA uHFHAIRE
32 oW, IEAIZE 57 o= AAst= o] viEAshA|Rt
(Marking and Meyer, 1985; Weber et al., 2009), 3 EA|7Fe] &
7he oFoll 2EA WS ST 8o R A3t
3 BEQth(Han et al., 2011). ¥ A Ao A &= (18,
22,26 9 30°C)9} 5% (100, 150, 200 & 250 ppm) AF+7+
o BT 32 o< vl 5B ol HBAL W HE
& 10025 2o nH2e @ X7t AFsivta & = gle
L, At oF ti ek = A% = (100 ppm)@F A4 (18°C)
2 AL YA TUOIN S20| WEhR, FET R4
2 RGeS FARIE AT Byon, B dTolH v

Table 4. The results of two-way ANOVA test according to 2 species, concentration, water temperature of 4 group and interaction for the MS-222
anaesthetic effects from longtooth grouper (Epinephelus moara) and longtooth giant hybrid grouper (Epinephelus moara $ X E. lanceolatus &)

Anesthesia time (sec)

Recovery time (sec)

Mean square F-value P-value Mean square F-value P-value
Species 17655.7 234.89 <0.0001 16019.3 104.63 <0.0001
Concentration 254135 338.10 <0.0001 64293 41.99 <0.0001
Temperature 57445 76.42 <0.0001 27759.8 18131 <0.0001
Species . 33348 4437 <0.0001 87.1 0.57 0.6374
X Concentration
Species 229.1 3.05 0.0349 6034.2 39.41 <0.0001
X Temperature
Temperature 462.6 6.15 <0.0001 606.9 3.96 0.0005
X Concentration
Species
X Temperature 2812 374 0.0008 286.6 1.87 0.0724

X Concentration
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ST 9 +-e3t ojAlS] 2710l wet 44 ol R A
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Apotelor dhApute) 23S YO R MS-222 5% U 2
of W vHan A4gS +5A. F=+= 100, 150,200 1
23 250 ppmE, 222 18,22, 26 18]I 30°Col|A] wh3] @
G BAZE ZASTE MS-222 R} 20| Fold4S
Aol BrotR = AFS Elon, JEAE e
HIH AT 20 vl ot B3-S EAth JEAIS
22°C of3fel M 2 Fol7t gisich. Aukele] A2 vpH =z
2 3 E A7) ZHA -2 30°C2F 100 ppm, thHRHELE Q] 7
% 30°C 150 ppmo| Z|EAJZFO] 100 ppmT oA 22 Zfo]
7b owA mHHARRE S5 Fot A ATt )¢
WX 24 A At xjute)ol theRjutelo] & 7k o Aol
7} gon 0 5 293 F 55, S0 @ 4EF
€ 2t glgddh

At At

2 =52 sESETY A

7FE 9] Golden Seed ZE2AE A} 9] A YS
(213008-05-3-SB410).

Hez FHETIe7 8

ol AT EgE

REFERENCES

Chen, Z.F., Y.S. Tian, PF. Wang, J. Tang, J.C. Liu, WH. Ma and J. M.
Zhai. 2018. Embryonic and larval development of a hybrid
between kelp grouper Epinephelus moara { X giant grou-
per E. lanceolatus & using cryopreserved sperm. Aquac.
Res., 49: 1407-1413.

Han, S.J., K.M. Kim, N.J. Choi, J.H. Koo, C K. Park, W.G. Lee and

XtHh2|et cHYAH2o] MS-222 OtFE3H 239

S.C. Ji. 2011. Comparative efficacy of clove oil, MS-222
and 2-Phenoxyethanol as anesthetics in juvenile Scomber
Japonicus. Kor. J. Fish Aquat. Sci., 44: 653-657. (in Korean)

Houston, A H., C.L. Czerwinski and R.J. Woods. 1973. Cardiovas-
cular and respiratory activity during recovery from anaes-
thesia and surgery in brook trout (Salvelinus fontinalis) and
carp (Cyprinus carpio). J. Fish. Res. Board Can., 30: 1705-
1712.

Kaschner, K., K. Kesner-Reyes, C. Garilao, J. Rius-Barile, T. Rees
and R. Froese. 2016. AquaMaps: predicted range maps for
aquatic species. World wide web electronic publication.
www.aquamaps.org (version 08/2016)

Lee, H.B., H.S. Jung, G.M. Ko and D.S. Kim. 2017. Comparative
efficacy of 5 anesthetic agents in the glass catfish Kryp-
topterus vitreolus. Kor. J. Fish Aquat. Sci., 50: 824-828. (in
Korean)

Malmstrgm, T., R. Salte, H.M. Gjoeen and A Linseth. 1993. A prac-
tical evaluation of metomidate and MS-222 as anaesthetics
for Atlantic halibut (Hippoglossus hippoglossus L.). Aqua-
culture, 113: 331-338.

Marking, L.L. 1967. Toxicity of MS-222 to selected fishes. 9pp. U.S.
Fish and Wildlife Services, Investigations into Fish Control
12.

Marking, L.L. and F.P. Meyer. 1985. Are better anesthetics needed
in fisheries?. Fisheries, 10: 2-5.

Massee, K.C., M.B. Rust, R.W. Hardy and R.S. Stickney. 1995. The
effectiveness of tricaine, quinaldine sulfate and metomidate
as anesthetics for larval fish. Aquaculture, 134: 315-359.

Min, O.P., W.J. Hur, S.Y. Im, D.W. Seol, J. Lee and 1.S. Park. 2008.
Anaesthetic efficacy and physiological responses to clove
oil-anaesthetized kelp grouper Epinephelus bruneus. Aquac.
Res., 39: 877-884.

Murai, T. and M.R. Catacutan. 1981. Effect of 2-phenoxy ethanol
and MS-222 on milkfish fingerlings, Chanos chanos as an-
esthetic agents. SEAFDEC Aquaculture Department Quar-
terly Research Report, 5: 19-.21.

Park, I1.S.,J.M. Kim, Y.H. Kim. and D.S. Kim. 1988. Influence of li-
docaine as an anaesthetic for marine fishes. J. Fish. Pathol.,
1: 123-130. (in Korean)

Park, J.Y. 2016. Effect of salinity change on stress response of long-
tooth grouper (Epinephelus bruneus) and longtooth giant
grouper (E. bruneus § X E. lanceolatus &'). Master’s thesis
Mokpo National University, Mokpo, 27pp. (in Korean)

Pirhonen, J. and C.B. Schreck. 2003. Effects of anaesthesia with
MS-222, clove oil and CO; on feed intake and plasma corti-
sol in steelhead trout (Oncorchynchus mykiss). Aquaculture,
220: 507-514.

Pramod, P.K., T.P. Sajeevan, A. Ramachandran, S. Thampy and
S.S. Pai. 2010. Effects of two anesthetics on water quality
during simulated transport of a tropical ornamental fish,
the Indian tiger barb Puntius filamentosus. North American
Journal of Aquaculture, 72: 290-297.

Sada, E.K. 1985. Influence of the anesthetic quinaldine on the some



240 gk of . ZIZbal - el

= oo o

12

tilapias. Aquaculture, 46: 55-62.

Son, M.H., M.W. Park, J.I. Myeong, D.J. Kim, B.H. Kim, Q. Jo
and 1.G. Jeon. 2001. Anaesthetic tolerance of juvenile black
rockfish Sebastess schlegeli produced for wild stock en-
hancement. Ocean Polar Res., 23: 285-290.

Son, M.H. and H K. Lim. 2008. Comparison of anesthetic tolerance
between the wild and cultured fish, black seabream Acan-
thopagrus schlegeli juvenile. J. Aquaculture, 21: 304-308.
(in Korean)

Song, Y.B.,S.R.Oh,J.P. Seo, B.G.Ji, B.S. Lim and Y.D. Lee. 2005.
Larval development and rearing of longthooth grouper Epi-
nephelus bruneus in Jeju island, Korea. J. World Aquacul.
Soc., 36: 209-216.

Tang, J., Y. Tian, Z. Li, M. Cheng, Z. Chen, D. Mao and B. Li.
2018. Analysis of genetic characters in Epinephelus moara,
E. lanceolaus and their hybrids. J. Agricul. Biotech., 26:
819-829.

Topic Popovic, N., I. Strunjak-Perovic, R. Coz-Rakovac, J. Barisic,
M. Jadan, A. Persin Berakovic and R. Sauerborn Klobucar.
2012. Tricaine methane-sulfonate (MS-222) application in
fish anaesthesia. J. Appl. Ichthyol., 28: 553-564.

Weber, R.A., J.B. Peleterio, L.O. Garcia Marin and M. Aldegunde.
2009. The efficacy of 2-phenoxyethanol, metomidate, clove
oil and MS-222 as anesthetic agents in the Senegalese sole
(Solea senegalensis Kaup 1858). Aquaculture, 288: 147-
150.



