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M S-222 317 IR T il 4 & IR B SUSR AR 3T

o AV ORBAT & R At
K#ELY K* E' %hE#d B om
(L TS AL T TRSEYHARESTRE  PEATREII BRI IR IR 55  266071;
2. BRSO St BE i 2013065 3. MG TR KBRS ARAT IR WA 264001;
4, KBEFEASONSGEREX AR R IR MG 265800)

E AR T B KE MS222 3t iF K -F 4 (Sebastes schlegelii)4h & By i BE 2R, # €
T 3 ALY A B R JE MS-222 1 | T 3k B 5% 4 21 (A 2) o R B JHH (A4) B 38 L B 6] B 9 4L
B, ORBLREfE H IR E ., R E R, KR (145£0.5) C, pH % 7.85. #hE N 30, HMEA
WE KT 7.5mg/l 44T, FH4K & % (10.11+2.13) g (W10) . (42.38+5.19) g (W40)#1(80.79+6.65) g
(W80)#y 3 7 #4641k % A2 HiAn A4 3ol 2 bl Bt (8] FERRBE AR A Bt 46 48, ] — IR SR B T
% BL B 18] B AR R B I R A K, I ok R E VT AT A LR A B ik A2 1 Fn A4 3o R B TR
5 MS222 Wy * %, M HE A 180 s i, W10, W40 2 W80 ik A2 Hixf 5 by MS-222 % &
25 4 27.38,29.94 %1 40.39 mg/L, 3k A4 1 XT R By MS-222 3% & 451 7 95.32,107.32 Fn 116.58 mg/L ;
A2 IR A G B B PRI E E XA TR EZ R, A 4 & FRAEMREEA R EAZTEH T
e, H B ERT xR 4 (P<0.05); MS-222 ik JE & 30~50 mg/L B, 8 h ##liz% + W10, W40 #r
W80 4 f 77 & &34 % 100%, B2 FxTE 4, 60 mg/L i, 4 #3577 7E & 45 & 60%, 80%7t
100%, W10, W40 fr W80 & & iz #iy ik & 5 [l 22 1 & 27.38~50.00, 29.94~50.00. 40.39~60.00 mg/L .
MRERTH KT AR & T2, EWF RO R ERER S,

KA P Foh; MS222; JRlE; 44

hE4SES S981.13 XEiRIREE A XEHES  2095-9869(2024)06-0109-10

[ F-fili (Sebastes schlegelii) 2 36 [ b 77 1 i MW sk, WA g T KR A JA
R . DRI IR IE A A A R B R, A AR R R F O R A A e 45 AR B R SO N, F 3
Bl GERCPESR . HAREA LT, LR AP RRAL, RS SRR A S R L AR S
TS S E GRS, 2012; 14 E 4, 2018), BITE BRI 24 75 8 7l R ) B R R (RS, 2021),
N T ARZE R 58 S A B, WA R N RS VI EG - fih 4 o i 96 22 7 42 i P 3 R R AIR K
P 220 i RS GO AR AT HE D3R B, e R BEISRA TSINE B AN AR ZET I Rh AT Ab

* 7R A8 H S R TR (B 7R 8 T8 ) (2021SFGCO701) | B 48 /K £ 7™ b 3 AR A& & (CARS-047) il g LU ™= Mk S0 ZE A A 3
F% 8. % #k, Email: yanglind52023@163.com

O ilfFEEE. & R, BIPSEH, Emal: mengzhen@ysfri.ac.cn
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B, DARRAC T Ahg S R v B0, 3 ik 38y =kt
RFEA 5 BRI — 2 IRCR , (EASRE AR DL
12 i e R S B I VR N (T R A, 2018), LIt
i 18— 0 (4 FH (8 | %2 4 J0 58 I RE A AR AR EC - i
T A BN RN A RR PR, LA PR B i e R R i
BT R G 22, 6 T DF- il i v 42 0 SR 0 B

K7 37 5E H 0 RR TR A ) 2 R R
LTRH R EE(MS-222) . T&HEF CO, % 30 AFp
(Priborsky et al, 2018; Hoseini et al, 2019; Liu et al,
2022), MS-222 J2ME— PSR £ it 2 i BiLR) (FDA)
b B £ BRI SR) )iz T R B PR 1 2
iy, ©JHT2) #8755 (Cynoglossus semilaevis Giinther)
(X HR4E, 2008) . HEH ffi (Danio rerio)(Chambel et al,
2015) . k26T (Scophthal mus maximus) (8 74545, 2021)
S22 PSS I IETT o PR ISR A5 S 10 ok BRI Jg R i A
HpA, T S Y B B (R d A G ), PRI T
JIEAR 27T 5 /NI %Ay ) L S5 a AR TR BEORR 48
LA A oA Aof 2 T i T X £ (R SRR T, A 800 2 1O 38
1, T R OT U A RE AR, DN N R
(Spéth et al, 1977) . J& TR 7E 1 DQF-fify o 49 1z
FHOCHTFE C AR T T Al O fE 55, 2010) . 2- A48 L%
(e 55, 2010)F1 MS-222 (JE /77 %, 1999; Son et al,
2001; FEEIGAE, 2001) %] AN [F]RAK 4)) £ 0 R ISR
B F B W 58 09 55 56 f 1A R A% 3 /N [ 1R 5 R
(0.39~14.9) g, 4K N 4~10 cm]=lid K (187.6 g), KR
il T R YRR

AR F AT %o 4 S fieh F 184 B 5 T R T VA ) A6 i
V32 DA B IR Vg 452 1 SR BH AN [R) B BEXT 4 0 B A 1)
AFITR, R R 109, 40 g 1809 Yy 3 FiHL

Mg, TRV MS-222 X HARHIRRIR A 28CR S HERAR
WHETE R, DU VR TGPl AN [R) RS e o ) 22 s g
A SRR (IR . BRiC . RERCREE) IR BEE %

1 HREHE
1.1 A&

SEUS ORI 5 TT & X R IR K A BRA L RE A
N TR, 4320 34 HA% 41 - W10 20 [44 5 &2 4y (10.11+
2.13) g, 4 4(8.20£0.68) cm]. W40 H[IAFi& K
(42.38+5.19) g, 21 H(14.73+0.84) cm] 1 W80 [ {4
Jii £ 47(80.79+6.65) g, 41 K (17.41+0.67) cm], B4
PERRARF IO . IR Rl . MRS BT 4, S0
HiE SR A KM b7 5% 48 h (30 FB/4, 150L), %55
[ PR4FIEF K, FRAEKIEA 18 °C, #h 3 30, pH
N 7.85, UM (8.50£0.45) mg/L, AEE.

1.2 L&t

121 FBHEH BRI MS-222 1 | Sigma /A 7
[VUAs 3 R 55 (L) A S A IRA R, 4ifE KT
98%., MS-222 S B0k B AL 1 E 12 M8 (20, 30, 40,
50, 60, 70, 80. 90. 100. 110, 120 FI 130 mg/L),
AR E 3A-FATHE, B FATHE 10 Bt fh
CE T A 10 LB K BRI KK TR R
(14520.5) C. pH & 7.85. hE N 30, A MKNE
KF 7.5mg/L,

1.2.2 FREZE > IAF R 27 5 R R AR 43
HIFNVE G- Bl 4h fa 7E MS-222 JFRIRRICR R (94T A9 4
fE, K BRI E R 2R 6 AN, BARAT 4R iE LR 1.

x1 TFRFEHREHMEFRAR ST ARE
Tab.1 Behavioral characteristics of anesthesia stages and recovery stages of S. schlegelii

Bt Stage

17 M4¥#1F Behavior characteristics

PRI AL (e s A00)
AnesthesiaAl (Mild sedation stage)
JERIR 0] A2 (TR )

Anesthesia A2 (Deep sedation stage)
JRIEI] A3 (B 5 BRI 1))
AnesthesiaA3 (Mild anesthesia stage)

PRI A4 (RRIEIDD)

Anesthesia A4 (Anesthesia stage)
JERIF 0] AS (T B2 JRR I 301)
Anesthesia A5 (Deep anesthesia stage)
PRI A6 (PRTTHA)

Anesthesia A6 (Shock stage)
IR

Recovery R

1E % i3 Normal swimming

il s of S IR, BE A B AP Al

Slow response to touch, be able to maintain equilibrium

AR e 224, W AR E Partial loss of equilibrium, swim erraticly
SEA R FPAy, afE(E 1% 3 Complete loss of equilibrium, fin movement stops
SEARAE, AT i 355 5l Perfect sedation, only opercular movement

it 35 3z 345 11 Opercular movement ceased

K 2 S U B, T AU

Resume opercular movement and body balance, normal swimming
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W bR MS-222 X i G- il 4l fhRR R B DTS 1

1.2.3  4A# JREFe 555 208 B A 64 ) 2 DL 5
Ly AA AT FE Y Y FE M S-222 45 TR A B4 I ] g
M SR e AR B R AT O R, 4 D 15 min
TIEE, R0 B )48 MORE 4l 1A M S-222 R BT
LGBV (A2) . FRIEIBI(A4) . IR TEI (AB)FIIR TS
K EIERZRRIIFRE, 252 A2 #,
A4 A6 AT R IO A 1] .
1.2.4  =FR IR F M 2 PIERZE kA L IRHIE N
1 YRR, I AT 3R BN, SRR 53 o AN [RIERAS 114 4] 46 I
WA 36 A TE RS W P B, S 50 &)y 6 7 R 157
Hik# A2 8 A4 )G, Fa5E 30s, CSRAIRIE A R IY
PR3 , Ik B 20 (20~60 mg/L)iT 5% A2 1 A e iz At
R HE TR 2 (70~130 mg/L)iT 57 A4 HH (1 R %R
125 RS RERE 6T %% Marking
24 (1985) Hff 72 A JRR S0 AR Mk B s ofle BV JRR IR 9] FHLARL
e by e AAE BRI ) 180 s 22 NIk B RREE I (A4 ),
300 s Z N 75, HEUEFN 100%M W FE o B
WeBE . RIHR B A3 | B A 4 0 7E 180 sikF] A2
oy A44], HEEZE Smin WE TR, &5 a5 %R A 100%
F14) PR P 1) R B
1.2.6  FRERE LR Sy 5 5 M2 B A LR A
) MS-222 R 78 Fc {7k BE (60 mg/L) Ny R M T, % &
MS-222 %<& Jy 30, 40, 50 F1 60 mg/L, 3t 4 /4D
B, BNRERE SANER, ’E 1S His
M XTIRAE . RIS AR 30 L MR T 4%,
A 10 L HrfifitgK, KA 145 °C, 40 APk iAR BT
fat ey W10, W40 F1 W80 4H 1 # 80, 20 F1 10 J& &
TFATAS T G B EZA N 80 g/L), IRAEFTS, il
IR i AR B IR 2 R AR ZS (> 15 mg/L), 1805
BT ERLEEIESI A L) 100 r/min (3 5 A AR s
Plizk 8 h, BMZHIG, KOG AR, 5
TF 24 h 3 A7 01 ST BIBRIE TN
1.3 HIESHH

NG RIAK 4y (iR 5] A2 BRI A4 1% B ] K I %
IR BT S LLF B (A 45 1 22 (MeantSD) s, Ik ]
SPSS 26.0 it 17 WK &K 7 £ 47 Fr (two-way
ANOVA), Lk Tukey's 2 5 HH 0Bt [R]— BLAK AS [ R
ey i A ] — ¥R AN R BUAS 4L H] i 22 5, P < 0.05 A
B PE2E S, LA R R TR 43 BT E AS R BAS 4
F14) B L A R R P 3

2 H#R

2.1 AEIRER MS-222 FREEIR R E&W1TH R
WEL I 5% 3 FhRIAG 2 A 7EANR] MS-222 ¥k T

RIS BT MERIE, 76 MS-222 ¥l 20~40 mg/L
b, 3R LK (W10, W40 Fil W80)4) 1 7E 15 min M4
P R] PAYASL 3% 2 9% 32 B 301 (A 2) L &)y #4445 B (KT
5, Wbl RO R4l 50 mo/L i, 3 Rk 4l fa 3~
4 min 7]k F R RRBEI(A), 4l fa BN IV ol
REE, KPS, kB =S B, ks
FAi; 60 mg/L B, 3 FELAS 4l 9~14 min W] iAF] R
T (A4), 4ifa 280 s SR () SRR R bR, B A ] i
w ik, LA BK T8 0%, JCik 4 Fs 5 R F- 1 ; 70~130 mg/L
if, HnARIK T (AG), A KB I N Ik,
T IR A o BRERUR A B ZORTEIG , K4 fa i s i
BRI AK T, MR, &LmAHHELE 5 min N
EI5, HWKE 1h )50 ik 100%.

22 3MEYERREHEBKE

MR R 2 R R, AT EE (20~60 mg/L)
B, #hfafRe | BRI B e —F A8 HAE X %) fa
A2 BB B ] 2L AT I 25 M52 e (P<0.05) (& 1),
AR R I A 7] — WA 1) &) s Bt PR P B ) T s, A2 1
AN ) S T R A R — R B SR, 4
A2 0N B[R] D) 55 KA AE A O o XSS TRI KA 4l f A2
TR Bsf () 5 PR e 751 v B R AT vk il £ R0 4
W10, W40 #1 W80 £H 4f1ff1 A2 3175k 17 it 1] (y) 1 gk Fie
F ()9 2205 o8 y=0.210 7x*-21.207x+602.6
(Re=0.95) . y=0.202 1x*-21.501x+642.6 (R2=0.98) il
y=0.089 3x*-14.153x+606 (R?=0.91), LI E ) A2
AN S [E) 2 180 s XN 14 SRR IR AR ik B Ay S AR AR R
FERYFRIE, W10, W40, W80 4 4hfa MS-222 itk
FEER VR E 4y 51 A 27.38., 29.94 F1 40.39 mg/L .

W40
$=0.202 1x*-21.501x+642.6
39 R=0.9779 EWI0 ¢ W40 4 W80
360 ,
330 { BN I
300 i W80
o 270 _ 1=0.089 3x*-14.153x+606
T 240 N - R=0.910 6
& 210 AN
= DI | s
= 180 B -
£ 150 I
120 wio ¥ e i
901 y=02107r21207x+602.6 o B e
60 R=09486 e
30
0 . . . . ,
10 20 30 40 50 60

FREESIHE Concentration of MS-222/(mg/L)

P 3RSV IR i &)y £ A2 SR I [H] 5
M S-222 i Ji 11 YR i 2% RT3 43 B
Fig.1 Quadratic regression analysis of the time reaching
sedation stage (A2) and the concentration of MS-222 in
three groups of S. schlegelii juveniles
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23 3MMEY BRI RERERE

WHE I 22 a0 45 R Bon, 18 &R (70~
130 mg/L)B, ZhfaiAEE | JRREE R e B K A A AR
FHYXT 4l A4 BHALN B[R] ELAT I 4% 5% 1k (P<0.05)
(K 2), HARFZI R —REEREE AT, 2t A4
SN IS (1) 5 &l BAS SEIE AT OG5 R — R St , A4
AR I ] R e 551 o B85 v S R R #5 s 7E 130 mg/L
mF, 3 A RLRE A4 IR )G i 22 % . SRR
KUk &y f A4 3500 B 8] 5 pR P ) v B A T kil 2
FH4341, W10, W40 Fl W80 Z14fa A4 35 it
IF1] 5 JpR i 791 e BE 0] 9 96 &R 5K 40 51 R y=0.043 13-
10.755x+813.57 (Re=0.97) . y=0.062 1x*~16.221x+1 205.6
(Re=0.97) 1 y=0.059 6x°~15.954x+1 229.9 (Re=0.92).
PIVESE (1) A4 R AN B[] J2& 180 s A7 19 R e 751 vk
JE Ry S A R IR B B AR i, W10, W40 FT w0 41
it MS-222 FAFERRIEHR FE 43512 95.32, 107.32
F1 116.58 mg/L

450
| ¢ A
420 WI10 ¢W40 AWR0

390§~
360 \\\.}
330F SO
300 I SO W80
2 70, SOl y=0.059 6x2-15.954x+1 229.9
g 2400 ", TS R*=0.9150
=210 i! “\é\' ~~~~~~~ i
= 180 B R T
7 150 W10 o
120 3=0.043 1x*~10.755x+813.57 W40
90 R=0.9709 3=0.062 1x*-16.221x+1 205.6
gg R*=0.970 6
0 1 1 1 1 1 J
70 80 90 100 110 120 130

RIS Concentration of MS-222/(mg/L)

K2 3RMELAR I QP il ) i A4 00 I E)
MS-222 ¥ Ji (1 — kil e 1m0 03 43-#r
Fig.2 Quadratic regression analysis of the time reaching
anesthesia stage (A4) and the concentration of MS-222 in
three groups of S. schlegelii juveniles

24 AEMS222iREXMIMAEGEARETNEFHD
20

MS-222 ¥ 5 5 F 70 mg/L I, 3 FhgiAk 4 £ 25 ]
kE A6 MW, XHR T EIrE R R, EekE
(70~130 mg/L), #hfafieE | BREGSRIVEE X —#28H.
YRR &yt A6 JHALN i [a] ELAT fnl 2514 5% 1k (P<0.05)
(& 3), [Al—Hk& (4t A6 HIZS0N I ) i JBR P 70 e
W TR T N TER—WR AT, BR 130 mg/L 4
Ak, W10 24 A6 RN I ) dnc ke, Ik A 2 4
(P<0.05) , W40 Fl W80 £ 7£ MS-222 ¢ & /INT- 110 mg/L
BF, 3] A6 I B [a) G  EE 25 5, s, W40

20 A6 150 A ] D0 Jed 21T W80 4H (P<0.05).

ik A6 1~2 min J5, LR £ 5% K
H, IOk B IRETE], SRR, TEERE N MS-222 1k
J 3 I PN (70~130 mg/L), 3 FhoRiAK 4h f 4K o i 42 T3 it
] % S5 A 120~290 s (1] 4) . %0 1 52 J i 8] 32 A
HORIAE B AR 5, R — RS 4l 52 55 i R
IOR P TG W S A O, ) — MR B4R, S
] 5 WA L AR O, A2 ] K B AR Y W0
W40, W80,

900 EWI0 B W40 3 W80
800! [E B
,, 700
B 600
Z 500
= 400
£ 300
200
100
0

80 90 100 11 120 130
BREZFFIHEE Concentration of MS-222/(mg/L)
K3 3RMELREVF TGP il 4 i A6 AN I E]
MS-222 ¥ J& (1 5 5
Fig.3 Relationship between the time reaching

shock stage (A6) and the concentration of MS-222 in
three groups of S. schlegelii juveniles

I b5 AR RS S 1 7 [ — WA A [] 94 J32 4 ) 477
FH225(P<0.05); A[F/ING P RER R ] — e B A [ A% 2H
[B]F7-7E 8. % 2 53 (P<0.05) (T [A]).

Different uppercase letters above the column indicate
significant differences between MS-222 concentrations in the
same specification group (P<0.05). Different lowercase
letters indicate significant differences between the three
specification groups at the same M S-222 concentration
(P<0.05) (the same below).

350 £ W10 B W40 W80

300

B} /8] Time/s
_ = N N
Wi (=] Wk (=] wn
S 3 &8 3 &

=
[

: ol g B
JRER57 ¥ ¥ Concentration of MS-222/(mg/L)

Pl 4 3 FRLRS 1 FQT- i 40 £ PR 5 300 5 52 9 000 e i)
5 MS-222 W (15 &
Fig.4 Relationship between the recovery time after

shock and MS-222 concentration in three groups of
S. schlegelii juveniles
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W bR MS-222 X i G- il 4l fhRR R B DTS 13

25 AEMIELHE A2, AL HEFEIR ST B T4 18

%% 2 AT %0, W10, W40 Fl W80 4 4 ffi 1E # I
W 45 % 43 5l g (68.35+4.22) . (67.21+5.45) Fil (60.41+
3.91){k/min, MS-222 ¥ i 20~60 mg/L i, 3 FhHE
MRS TE A2 BIIFIOT-28 , PR A 5 TE 5 P
IR ) T W 2 25 S, 3% BRI R X L7 B0 14 &) £ P
ARG B PR, MS-222 Y JE  70~130 mg/L i,
3 FPHLAS B O AE AL ST IR T 23 Bt R 5551 R 2 T e 3
BB E FREHEH(P<0.05), BLJF, B KRR [A] (1 4E
1, 4y 032 IR L LEER ] T Y IR, e AT

KEE 0, #AKTEHI(AB),
2.6 FREFHELIHSHISIG

K P[] v 2 1 M S-222 R4l fo, B3z 5 8 h
J5 AT EE K TP, MS-222 Y Sl 30~50 mg/L I,
3 FREAS YO EE 10000 f7 6 %, 3% & T AR IS IR
Fis 5] B4 % B G B 4, T M S-222 #k B ik %] 60 mg/L It
W10 Fl W40 173 K [ 2 2 60%7F1 80%, W80 41/}
PR¥F 1009%H977 15 (K1 5). FILAAE, LIzt 8 h
T, W10 il WAO f = % 43z e B A W it 50 mg/L,
W80 fix iy & Rk FE AN 60 mg/L .

F2 IWMHMIBLHETE A2 A4 HIRERSAE TN
Tab.2 Respiratory rates during sedation and anesthesia stage of three groups of S. schlegelii juveniles

MS-222 He -1 451 %R Respiratory rate/(beats/min) R T T 4
MS-222 concentration/(mg/L) W10 W40 W80 Anesthesia stage
0 68.35+4.222 67.21+5.452 60.41+3.91° -

20 64.40+4.16% 67.24+1.48° 57.20+5.262 A2

30 67.05+6.16° 65.22+3.11% 57.85+3.352 A2

40 68.00+5.83? 63.22+3.54% 57.45+1.82° A2

50 63.30+3.39% 62.07+4.18% 56.22+2.77° A2

60 63.20+5.40% 60.83+2.77%¢ 56.05+2.552 A2

70 56.20+3.03" 57.63+2.30° 51.40+3.05° A4

80 50.42+3.85% 56.61+3.21° 50.60+3.36™ A4

90 52.65+1.67% 55.82+4.02°% 49.61+2.97™ A4
100 49.66+1.67% 53.61+5.13% 46.81+2.95™ A4
110 47.21+2.68 51.42+1.95% 43.80+2.17% A4
120 50.82+4.32% 48.61+2.19% 41.41+2.30° A4
130 48.23+2.86™ 44.85+3.11° 42.03+4.69° A4

T A — SRR NG 7 RE R [l — KRS AN [+ 7 J32 20 1] /7 75 1 %5 22 5+ (P<0.05)

Note: In the same column, different lowercase letters indicate that there are significant differences between different

concentration groups of the same specification (P<0.05).

[ W10
]

B W40 W80

100

=]

80

60

40

20

TEIE % Survival rate/%

0 30 40 60
JRERFI M ¥ Concentration of MS-222/(mg/L)
K15 3FALAR T [CF- il 4l 1 MS-222 iR IR AL
iZ 8 h J5 {716 %
Fig.5 Survival ratesin three groups of

S. schlegelii juveniles after 8 h of MS-222
anesthesia simulated transportation

3 i

O PFP2E | MRS | fEREIR 0 55 A 1 2 PR 2 R RR
IR VRBE . KR . V] S5 3R 58 PR &5 £
PR B Y 2 PR 2 (W 2R 5%, 2009; % i 4%,
2018; JARM4E, 2019; 2544, 2019; He et al, 2020;
TS, 2021), MS-222 VE R Z BRI, 26 F0
B ke AR, il Na kA i)t 5 Na' @B g &,
BHIT #2205 515 5, FRARH & U8t (Ryan, 1992),
H BE G BREF AR BE A TR, 763805 F 228 A 40 B f B
BOPERTT 2 SRR eI A 5 (L ) 3 B B ple (IR
AR e, BRI . ORI R AR,
gk AU | PP ARG 3%k H iz B
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FIFR LR ZS (Hll et al, 2004), ACHFFE 45 T30,

3FPRIAK L A2, A4 FIT AG HHAL N Ay (1] 47 it R e
TV BE ) T e B W 4 i, Bl ) fa R ) 38 0 3% T 4E
Koo R, 0T 65 /NI 4 fa P 5y, i
BRI ) 30 4ok SR A IR A R 8 R G R
JER R4 %7 P[] 4% % (Son et al, 2001; X145, 2018).,
Son %5 (2001) F1'E B2 45 (2011) % JH MS-222 X F [C
fifi /N KA (0.39~13.1 @) 4 £ 114 JBR [ S 0 75 1) A BL 45
W, HJEHTE MS-222 ¥ 80 mg/L A, /INRA& 4]
i AR EARTEW], FIRE SR AL | WA S S I A5 1
Ko AW, 3FEE L AR TS 2 I3 ] 5 R
PRSI v B TIG  3 AH SME , TTS R S B A o . R
IR B 32 5 R 2 2 AR L R R S KA R
W RS R AT G, HURTR T HLE A Ry i — 2P a5
(Houston et al, 1976; Hikasa et al, 1986; Obirikorang
et al, 2020; Sorensen et al, 2023),

TR 35 B B (A 2) 3 3 TA Ry 2 £ 25 1 s i 1)
RAERH SRR S, 2023), 4T A2 W4 X ok 5t
I LR, I H RO , T DLk SRR R 2
(A3~A4 1) T R IL P 5K 1 A0 B PR 7 32 0 S 3 fa i
RAET R G A S SR, M HE 53z i B %
(BLAI AL, 2005; #7545, 2018), ABFsEd, #HMikE
) 180 s Fllik A2 HH A BRI B2 A e A AR B A
e, I TR LTS, W10, W40 I W80 4 )
MS-222 e E AR 4351 R 27.38.,29.94 F140.39 mg/L,
ATLME 3 Mg Y iz i S %k g . 8 h fiftliz
B SIS ZE IS, MS-222 ¥ 60 mg/L B, W10 FlI
W40 4 % fa KA T IR 01 (A4), il gk, AL
ISR T e, Dyt PR RS R IR REAG, 34 BSE
oS MS-222 i iE 4 30~50 mg/L Af, 4iffifE 8 h
Wiz fad FE AL T A2 5 A3 ), BERE4ERR B RF
iy, hEG T 4t RAEGASE T AL, 3 FhELAK%
iz B B R Ik 100%, Htt, W10 Fl W40 4 4y faiz
AR RR R BE L FRH 50 mg/lL, W80 4 LR A
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Abstract The black rockfish, Sebastes schlegdlii, is the main marine fish species produced via
offshore cage culture in China. Moreover, it is essential to select a convenient, safe, and harmless
anesthetic that can effectively reduce the physiological stress response of juveniles during land—sea relay
transport. MS-222 has been widely used in fish and other aguatic creatures during handling and
transportation because of its secure induction and rapid recovery. In this study, the anesthetic effect of
MS-222 (tricaine methanesulfonate; anesthetic effect: 20130 mg/L, interval of 10 mg/L, total of 12
concentration gradients, simulated transportation: 30-60 mg/L, interval of 10 mg/L) on three
specifications of juvenile black rockfish (W10, W40, and W80; average body weight of (10.11+2.13) g,
(42.38+5.19) g, and (80.79+6.65) g, respectively) was investigated. The times to deep sedation (A2) and
anesthesia (A4) under different concentrations of MS-222 and the optimal sedation and anesthetic
concentrations of MS-222 were determined. The results showed that in water with a temperature of
(14.5+0.5) C, pH of 7.85, salinity of 30 and dissolved oxygen concentration above 7.5 mg/L, the time
required for W10, W40, and W80 juveniles to reach the A2 and A4 stages decreased with an increase in
anesthetic concentration and increased with an increase in body weight at the same anesthetic
concentration. Quadratic regression analysis was performed to anayze the relationship between the A2
and A4 stage effect times and the concentrations of MS-222. The equations describing the relationship
between the A2 stage effect time (y) and anesthetic concentration (x) in W10, W40, and W80 groups were
y = 0.210 7% - 21.207x + 602.6 (RP= 0.95), y = 0.202 1x* — 21.501x + 642.6 (R = 0.98) and y = 0.089 3x°
— 14.153x + 606 (R? = 0.91), respectively. Those for A4 stage effect time and the concentration of MS-222
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werey = 0.043 1@ — 10.755x + 813.57 (R*= 0.97), y = 0.062 1x¢ — 16.221x + 1205.6 (R* = 0.97) and y =
0.059 6x° — 15.954x + 1229.9 (R = 0.92), respectively. Therefore, the optimal sedative and anesthetic
concentrations of MS-222 for juvenile W10, W40, and W80 black rockfish were 27.38, 29.94, and
40.39 mg/L (A2), and 95.32, 107.32, and 116.58 mg/L (A4), respectively, according to the optimal effect
time of 180 s. No significant difference was observed between the respiratory rates of juvenile fish in the
A2 stage and those in the control group; however, the respiratory rates of juvenile fish in the A4 stage
gradually decreased with an increase in anesthetic concentration and were significantly lower than those
of the control group (P < 0.05). The results of simulated transport over 8 h demonstrated that the survival
rate of al fish remained at 100% within a concentration range of 30-50 mg/L for MS-222. However,
when the concentration reached 60 mg/L, the survival rate decreased to approximately 60% for the W10
group and 80% for the W40 group, though it was still maintained at 100% for the W80 group. Therefore,
suggested transport concentrations for juvenile W10, W40, and W80 black rockfish are in the ranges of
approximately 27.38-50.00, 29.94-50.00, and 40.39-60.00 mg/L, respectively. These findings provide
valuable guidance for the safe transportation of juvenile black rockfish during stock enhancement and
offshore cage land-sea transportation. Moreover, the optimal anesthetic concentration can serve as a
reference point for biological experiments involving measurement, labeling, or sample collection with
juveniles of varying sizes.
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