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MS-222 7£ hin i &5 £ £ #1032 5 v BY R B S R

AR, B, RO, HRER, EH, B &
(L EWBWHERE REER, LIS 201306, 2. LIGHEAY: KF=5Aamie, L6 201306, 3. LIgNwAE MR

SFfbe, B 201306)

W E. W T 854 ( Micropterus salmoides ) 7£ 10,20,30.40.50 .60
#0170 mg/L ) MS-222 FREFIR 5 A BRER SR , F7E 20 mg/L f) MS-222 R
ERBR ST T 10,1520 1 25 °C /K B X PR B A0SR A M, B JE #E 20 °C
120 mg/L fy MS-222 FREME P17 T RBMERLZ filE . REHAIES
SRR HEE MS-222 YR BERYIG N, 3 A R BRER A O B[R] 6 4, 6 & B
FRHIIFEJZER . 10 ~20 mg/L #9 MS-222 & TN 7 fa f R BB f o iR
Bt (6] e 2 7K TR A PR AU T 46 48, 2 75 B ) B /K TR A AR T3 o, 20 ~
25 COKIRIE F M o i BRI 4 . RBREE L i 45 SRR . 12
i 17 h 716 3R 100% ,18%5 24 h 7715 3RS 70% o BREE ) £ 52 951 8]
Wiz B (B B 3G T N . RRER IS H S , LA b T A B T R, FLER
& BT, ME KRR E RS B EER B E & TR (P <0.05),
REBRBIEFEE (AST) | JRE (UREA) \FLER I S5 (LDH) 7635
B 10 h ZRABEZ G BEFE (P <0.05) , H%H (CLU) Faiz fift Al

TR A I o5 9 R RR
Bt REREA FEHY
Rif, MS-222 X F L G M A
B PR B i e R AR B 5T
B MS-222 i s £ g SRR B
BRMREHAZ, ARB K
B T MS-222 X ReRAS
32 6 B o % £ 9 PR R AR
R, EU A o 85 8 i IR B s
S PR LELR TR

KW 0 65 MS-222;
JPRERZ B

HESES: S981.1

HY3E AT o

S i £ ( Micropterus salmoides ) & —FP R %
FRHHE FIH T E B4 A B R oK, 2R
R ) BRI AR JTL R WL
B T H A L X R R, R SE PR AR TG o, R R
2 SR FHFEE W, B H R E KSR
[F1) b3 iy o ) 955 8 DR T 9 £ PR 3 A
MR —E M RE . 2% B A IE K
Xof i i 8 S 8B T 1k B0z ) A LAl
TR 5, BRARZED xF 3 E M 6 #a
B RATIT BB T A R,
{ELAR AR X I M 5 £ F) JBR i o AR 6 o MIS-
222 ([ B R R R B R 3, C,o H, NOSS,
Tricaine Methanesulphonate ) bk %55 EL A {8 FH ik &
i E PR AE B (R4 | 2 90 AR TC 3 RIE 4
o, 2 BHRiME—# 35 E FDA #itvEREH TR A

e B A : 2014-11-02 fEE B 2014-12-11
ESWA: “+ TR EEPH TR (2012BAD38B00)

XEERE: A

BRI, MS-222 xS 4™ Mgk
0110 S 1 R B B 18 FE I ERAE S, (EL%H A
BB RAAN L, RALBEPTT MS-
222 St GRS B HLIZ Fa B T 5 8 4 PR R R
B, DIHA MS-222 7 i & f % HoAth IR 7K K 72
i PR JRR I S JRR B i T ) I R AR L BB AR R o

1 WRSIE

L1 R

N G g B LA BN T, 220 3 h B9
AR E, AR E RS RIE SR g 5F
15 d. FRFE/K 9BES 3 d PLE/ A RK, pH
7.0 ~8.0, %4 6.0 ~8.5 mg/L, X6 Ik
H (294 £48) g BRI o
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1.2 ReAH=*
1.2.1 FREFRE

MS-222 iy B A6 S MR X A R B A BR A
Ao B MS-222 ¥ F /KL A% 10,20,30,40.,50 .60
70 mg/L B RREFE W . Fm #4 F Y8 7K ML 7K
TRAEFRFTE 20 C, K58 24 h B 5 JUK IR
20 CHE R h R ADIRBEAS T, B4 4 2
fa, oK 1 15, R A RIS S O, FRbERI
SEARIE AR R RR BB B B (8] . PR 24 h 5
TERAAE , R G e A RS KR ME K &7,
ORI T 2 E T BT A, BRI IR I3 6]

5 — AR I 2 JEA B PR ZS B ] o AR R
SRR | B2 % BN ) B A 9 R, 6 4508 B 9 MS-222
(20.0 mg/L) ¥, FHAT AR KR T (10,15.20
125 C) HIRRBEAK o

7E MS-222 45 FATF , inJH 5 8 76 JFR i A0 42
NNz N 1 W NGl U S B A N LS
X BRBAN B 9533 AR B AR AR RAR R
%% COOKE %™ #BUR"™ XK %14
SIRRUE , 45 B Tn N 65 £ R SEBRAE B, 7T LUK
ffs £ PR SRR RS AR 20 R 6 NI (3R 1), B Rad R
S04 A 2) .

®1 REBRESHRERITHRHE

Tab.1 Anesthesia stages and fish behavior characteristics

IR B 4330 1T RFHIE w
anesthesia stages behavior characteristics remarks
O (IEH ) Xt A0SR Sy B, 8 T AR R UL WA T
0('normal ) reactive to external stimuli; opercular rate and muscle tone normal
1 (B XIS AL R T W AT , 8 T 4 AT R WS A , B AP P AT
1(light sedation) slight loss of reactivity to stimuli; slight decrease in opercular rate; equilibrium normal
A IEs: A A, 7/ _
2 (R B3R RIS MR RE ) S8 2 ek, B85 A SR D , B AP A P ey T RiE

2(deep sedation)

total loss of reactivity to all but strong stimuli; slight decrease in opecular rate; equilibrium

for general transportation

normal
e e FRar I LA KT , e Sl ToRL AL , 88 5 T AR, 0 3 s sl A
K@ TS EL L) . L L :
o partial loss of muscle tone; swimming erratic; increased opercular rate; reactive only to
3 (loss of equilibrium) R K R R
strong tactile or virbrational stimuli
4 (RRIH) SEAVER WA TR 7RI TA , 4 55 TR B AR08, B8 S ek IRAERERAE )
4 (anesthesia) total loss of muscle tone and equilibrium; slow opercular rate; loss of spinal reflexes optimal operating period
SERERITNAES] , SRR TR A1 ELA U, DR AR R BT KRR JSE ST B AT S5
SORIDRIN) - . %
. otal loss of reactivity; opercular movements slow and irregular; heart rate slow; loss of all should immediately
5(deep anesthesia)
reflexes recovery
6 (EREHI) B AL rtey BN A

6 (medullary collapse) opercular movements cease

cannot recover, die

R2 EFTESHRERITARE
Tab.2 Recovery stages and fish behavior
characteristics

17 RHFE
behavior characteristics

Epiki b FER KA, B8 35 T AR YR 3h

1 body static; breathing recovery; opercular

recovery stage

regaining movement

oA Boa gk

2 partial equilibrium and motion recovery
P55 IR, XTI R

3 equilibrium completely recovery; recovery
response to external

) 05 LN

behavior completely recovery normal

1.2.2 JRREEAE A%
K10 BEER 24 h B &5 KR 20
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CHEFRMHHEABEA 44 L 20 mg/L MS-222
VW 7K RE v, R i A K AL A IR 4E F 7E
20 C, M5 AL HEAREEFFREE 6
T, T . Bk E N LX-100VTR &z
WIRshE ,IRIE 0 ~25.4 mm %3 100 r/min, £
iz 0.3.10.17 F124 h, BHijE WEFTE R,
W7 AILPA B2 1M 3 A A28 4k, 3F FiE K R 5, T
FETERR BT, [FlE i B AL A, Zoal 4 A
[F) 2% 4T S IR ) 3 i T F
1.2.3 WL BT FLER I E

8 A T3 it 42 28 A0 AT UL 4 o6 o0 BE I
WA & B B @AY TR
1.2.4  [M3EAAFER I E

JER Iz i 1 0 445 PR BEHLER 3 B AE TS 1 n
M A 150 mg/L [y MS-222 R FREE /G MR
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EAGE, 55 MS-222 FEAnM G5 AR BLE R I RRBEACR
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FRBKERUAL , 42 A NP EEsR], T4 CHE 2 h,fF
1 & B & 43 )2 )5 LA 3 000 t/min 2.0 20 min, 4351
WEFRAWIMET 2 mL WELE P, AEER
EFUSE (O B T - 20°C KA ARAE ™ o Il ¥
Jz JFi B ( Cortisol ) & & 8 F§ SH-1000 Lab-4 % K
BRI 5E , #8.98 Cortisol BEHK 52 73 137 &
W E EgET AR A RA R ME P RE
BRRAFEE B (AST) \H & (CLU) | R R
(UREA) \FLERi &E8 (LDH) A BS-200 4 5 34
oA 2 , 530 & 1 B IRYI B A= W) BR 7 R
TR ARAFE
1.2.5  HEabae

FH Microsoft Excel 2007 F1 SPSS 19. 0 #&k{4-%}
RIS RFTHRIT . ERRR T EZ0TH
Fhith >k A Duncan [K 2 H L #1704, 4

HHERFEE + FruEE, BEHKFE R P<0.05,
2 4k

2.1 FERE MS-222 3hn & & I AREE R

MR 3 AT RIBEE MS-222 ¥k B (93 i, M
Sy 21 30 N\ [ P S A ek 16 46 0L T 58 2 R
AT RE R o FERRAR AR B (10 7120 mg/L) ,
BRRA SRR B AT . NN, ik
HORRIRE BE PR . FH 10 ~ 50 mg/L 9 MS-222 jif
M 24 h )5 S RRRAFLE R, TETE K FP R IR REIK
HENEFRS . LA 60 mg/L i, ikt
AGEERRBOIRZS, BRI 24 h J5 — 2 1) B 45 11 PP
W, FEWE K TCE B A5 WRBEHE— 3 ) 70
mg/L B, BRI 6 h £ fARE @ AR5 1L IR, 7ETE 7K
HIER T

£33 RRERE MS-222 3 hnH o5 & B BREEBUR
Tab.3 Anesthetic effects of MS-222 on largemouth bass at different concentration

i G 8]/
MS-222 ¥ &/ (mg/L) HAA KRR IR/ s IR/ 24 h JFAFIE R/ %
. time for reaching different anesthesia stages . .
concentration of MS-222 recovery time survival rate after 24 h
1 2 3 4 5 6
10 160 470 - - - - 378 100
20 128 300 - - - - 780 100
30 100 251 1043 - - - 800 100
40 66 180 450 - - - 850 100
50 60 131 388 480 626 - 960 100
60 15 80 202 275 410 - 1800 50
70 5 45 105 148 269 21600 / 0

KR 20 Co 1 -6 XK 1 MRRBREREE , © — " FoR B B WA EUXT B ARRBROIR A, /7 FoR LT R A

Note; Water temperature was 20 C. 1 — 6 correspond to anesthesia stages in Tab. 1. “ -7

indicates that it wasn’ t observed corresponding

anesthesia state in the experiment. “/” indicates that fish died and couldnt recover.

2.2 REKRT MS-222 X hnl & i B R
17 4 A1 20 meg/L fy MS-222 7£ 10,15,
20 A1 25 CH7KIER T RRIA NN 7 £, #8 P i 4R
YEFFFETR LR, BRI 24 h )5 fa (R AR A7 7E 0T
W, ZEVE K AR BE R S B IE R KRR,

HEAKH [ R B AR 285 1) e ) B A . 7E 10 C e, f
FEECZATRERT. R, HEE KK
TR RREAR , (AT 2 =I5 A R S0 7E3E . 10 A1
15 “CH) R 75 i (B3 32 5 20 71 25 °C K9 2 IRt
I8l o

F4 AREKET MS-222 3 hnil &5 & i B BE s B
Tab.4 Anesthetic effects of MS-222 on largemouth bass at different water temperature

K/ C N -
Ms222 WE/( mg/ L) water temperature E%Bﬂ'lﬁ!/s 24. b Eﬁé$/%
concentration of MS-222 recovery time survival rate after 24 h
2 3 4 5 6

10 0 90 - - - - 4594 100

15 50 120 - - - - 2134 100

20 128 300 - - - - 780 100

25 270 500 349 100

{8 :MS-222 ¥ BEH 20 mg/Lo 1 -6 XPREER 1 IRRIAFREE, “ " ik B v BeA WL B X 17 IR R ISIR A

Note: The concentration of MS-222 was 20 mg/L. 1 - 6 correspond to anesthesia stages in Tab. 1. “ -7

corresponding anesthesia state in the experiment.

indicates that it wasn’ t observed
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2.3 mMEFERBERREFERRERREE
4

7E 20 °C F 20 mg/L R MS-222 JR i3z i fin
Mrifa 17 h JFHRIRBERTF 100% HIFFI5 3, R
a5 24 h JEAAERTIER] 70% (£ 5) o K REE
isfiE MEAEE R A TGRSR AR
WREEZ 24 h EALE—F A 4 BA4KSE R,
oAb ZH ) £ REVK R IE# o BRI IZ i J5 £ B B2 975
Fisf ] B 18 i e [ )8 T34 B (32 5) o

RS MM ERBEZHEFEERREHHEEL

Tab.5 Changes of survival rate and recovery time of
largemouth bass after anesthesia transportation

B E/h TR/ % SRR/ s
transportation time survival rate recovery time
0 100 40
3 100 780
10 100 1260
17 100 1680
24 70 2880

2.4 mmEEREEwENARNFEELEL
FT P 1AL £ 7R SRR TS (PR ez g O
h) FRREEE i Ja WU PR S B E T —E/

8. 000

ab
=+

b

poos @
(=) (=) (=)
(=) (=) (=)
(=) (=) (=]

PiuaE/ (ng/g)
glycogen content

Nl N L NN
HRdH o 3 10 17 24

BHEtA)/h transportation time
(a)

Ak, EFEZ B2 AKX, B 1(a) Bn, BREE
JEHTE BE B, BRI A B E, R
BB e, W& BREa et m Mg E T
F%,i2%0 24 h G L REREFEME T 36.8% . &1
(b) B, AR S BRI G BE T &, HAEMREE
Tz o e v B i U] B n BE T  ia i 24
h J5 HEEER AT T 101.7 %

F 6 TR T i B £ 7E RR B S R RR B E B
J& B — S AR AR AR fk . SRR A AR HL, IR
Bz i o LTS R R B ) & = B T, T E R
BREBEPMERREENSEEZFARE. K
FEE IMLYE AST EMEARME S, BEMIFAR
= FREEHAET 10 h, M3 AST 35 ¥ L ERA
B kgt KEHEE . RS HE
10 h, Ifi. 7% UREA §)& B 5EMAZEFARE M
F IS E RSN, 7 UREA & & B EH
o BRERG MLYE GLU & Fw , HAe MEes it
M CLU S Bt AW BT 5. MERE I
% LDH TG B EF =, BRERS 5 AT 10 h, H2=
SR 4kEHE, YE LDH KGR E S

1.000
~+
£8 0.800
N &
— QO
g2 0.600
=7
ig © 0.400
4.8
&5 0.200
s

0. 000

el o 3 10 17 24
BHIt A /h transportation time
(b)

1 e RBHEHIEAET LR TW

Fig.1 Changes of muscle glycogen & lactic acid of largemouth bass after anesthesia transportation

IR TR % 225 B3 (P <0.05) 6

Groups with different letters were significantly different.

F6 MMEFEREEHMEMEELTL

Tab.6 Changes of serum biochemical of largemouth bass after anesthesia transportation

REDBRARE

B E/h KRR/ (ng/L) B (U/L) JR#E/(mmol/L)  #i%jH%/ (mmol/L)  FLERH &/ (U/L)
transportation time cortisol AST UREA GLU LDH
e 259 +12° 12.0 £1.00¢ 1.04 £0.06° 2.70 +0.10°¢ 430.0 +31. 8¢
0 280 +26° 13.6 +0.95¢ 1.03 £0.06° 3.61 +0.21¢ 767.0 +39. 8¢
3 285 +10° 13.4 +0.70¢ 1.00 £0.07°¢ 3.73 +0.13¢ 673.8 £53.5°¢
10 278 +15° 13.7 +0.79¢ 1.03 +0.06° 4.76 +0.18°¢ 665.0 +41.3°
17 280 +9°* 20.6 +1.15° 1.32 +0.04° 5.60 +0.29" 999.8 +31.4"
24 280 +15° 34.0 +2.65° 1.84 +0.15° 6.51 +0.27* 1259.4 +110.0*

T FIF P E ] AR B ] 2 5 B2 (P <0.05) o

Note: Means with different superscript letters in the same column were significantly different.
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3 g

3.1 MS-222 K B FA7K R X 5 £ R R O
V5]

T B R B B R ERR S R TR R
FEMIRZS A S A UL BB R B BE ST, AR
R TR BRR B R, SR EHE
Wit ik B e, WA A T aiis
o HE—25 MURBE S iR R KT, 15 1k U
3, AT R 2 DR PR I £ A g B ot JE it 40 2 BT
B, B SaE e BT R ARG, E
HOANE TG IS . R TR BE R B 1 1 B B A
BKETR, 26 P VIR AR 2 T 5% 52 LR
H AT R A BB 3E mis e, %
T SR R AR B0 B (] P 2E A I 4 R 7R TR B R
F A ] {68 £ A 58 4 2 I A B [ B L AP R I
=

£ 20°CHif, 70 mg/L ) MS-222 FfE% 6 h fafk
BMAEFFET,50 160 mg/L ) MS-222 K )5
PRI R Y 72 TR B R4, 50 mg/L ) MS-222
JPRE 24 h J5 fa A fESE & & J5, 1 60 mg/L f) MS-
222 R 24 h Jg—F BN BB, 7T L 60 mg/
L f) MS-222 R Jil o f2 JBR B ) S5 BT ME MR B, 10
~40 mg/L f¥) MS-222 iR 24 h fafkEREFETE,
LA 18 10 ~20 mg/L f) MS-222 B IE FfinH &5
I RRBIZ 5

JRIERET F) 7K IR X PR BRUR B B B, 7K
TR RRARR , A JBR N ] B84, B JRR IR R0 SR B 1R FE F0
IS, i 5 B B 5 P i i IR 45 R —
AT R A K IR A B fa R — R O RR
YRR, (ELth A5 R 5 3% I3 JRR P 205 R BB IR B 1 34
st o (EKIR MR TR A LA
20 ~25 °C F7KIRIE T hi o £ ) R I 5
3.2 MS-222 FREEIE 51 A X hn oM e 7E TR R
R EFaE R

TRIGSEEL T RS F i 548 17 h AR R
Ff 100% MFETE %, A2 LR A p BA B AT
WHHE . FREGZH 24 h 5 AR SRR (£
3) FET- 3R, BT LR S % N 6% £ ) 77356 2 i AR
K, BRI 7E SE PR A Hp R AT BB b s % B 3h 3 £
RIS, B R BRIz 46 Ja A4 UL PR A0 it 3 A fk AR
ACTT A, FFFRE B R 0 AL A B L IR 4 , 3L
FRHE R S BURBGE 5 24 h AKFET- R B M

WM EEERHE , S A, Rk
I, X A BB F T B[R] () 25 4 R (5 45 Fa iR
SRR AR Bt 22, BT A 7 B K 1 ek 1] HE B
.

3.3 MS-222 RREREHEIE XM &5 & AL & I
EEN TR

VT EERAETNRAMNES, 2EEENE
FRYR, 2 2 F F RS ST IO BE AR 2%, B A A
BT ERBA T IAPIREEH RS
KE, EBshd B LA RS BEP&-E KE
MIFLER . R % BU, 75 JbR B RURR B33 i AR
BILE RN T M, 5 It R, 38R 8 0 R 1y
EFFo SXTTRER ti T At FYUBCRZS i _E 3k
Bl RSN ) S B R BT R, LV P R
B R JE P BB B BT RE, 815 L P o i
TR AMEITEC Y BT A BRI Rl £
PEBEE FLER I A AR, LDH 37 P34 it 2 S 3 SR
HBEFRERZ —.

(iR LN e s R A A R U W e
IR st AN 1 IR0 OB 2 e )
FESR T £ 25 1 i FREAR BT 85 SRR 100 B o B 858 10
TERLARI , o T A T R T TR AR

B2 TR T R b I e 8 K P T REIR T, £
AT EREE = AR NS , IV HP B JoR B 7K ST 2 T
B BRI B R B B L T AR T RR
X #h R JR— S B 3, B A A T RO
Ko PRBILAEFE BB SRR TS HLER
Mz i R R R BB, 3X R BE 2
A MS - 222 R T FAR X 1 550 38 5 = BB
71,

AST J2 TR A % 8o 8 . 28 B AR i Y
BEERG, IE % BT I35 AST 35 PEAR R T EL A X
e, 24 32 45 45 B I35 AST & # & 7+
BT RRBSEHIET 10 h, AST {F LA B
= dksra, ST B E TR, ARt T
fr U REN R , TR B R NE IR I 2R B R BT R
SZET B, XK A RS S 5 A
I IREZ —.

RERVUENE QR ML=, FEE
'R MBS B4R A, R R
BEaM, FmIRE A LIMEN S THEERFE R, AR
Fsk 17 h 5, MRR S EEE R, XA fEE
B MM e E N E AR, EEEZR T
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i, Xt 2 K B[] A9 PR B S B A AR SR T 2011.
95— AN (9] T, AR, BRA", %5 MS-222 M 4 (6135 i

WERR M P REENRRREY R, ZHE
TR IL R KRB AR B2 )5 , #4H
E TR X AT AE R B TR IO TR

LDH 24X i o i A T3 i R 1) LR % fL H)
R, TR L0 RS SRR | W07 L
PR #R & 20 LDH 7t . WREESS LDH 9%
YRR E TR, 7T BE BT RRBRA & A T AR
JREEZHRT 10 h, LDH 75 P2 5 8 8.3, 4K 42
iz, LDH 35 ¥ 8.3 7t , 7T A6 i T 8] f)
iz B A5 A A LR LA 2 3 B B, Xt
JE A I 1] 4 JRR P i o 5 B R AR BT T ) L — iR
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Anesthetic effects of MS-222 in simulated transportation of largemouth bass
( Micropterus salmoides )

WANG Lijuan', CHENG Shoukun', ZHANG Yinjiang’, CHEN Shunsheng' , HUANG Shuolin®, XIE Jing'
(1. College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, China;2. College of Fisheries and
Life Science, Shanghai Ocean University, Shanghai 201306, China;3. College of Marine Science, Shanghai Ocean University,
Shanghai 201306, China)

Abstract: This paper studied the anesthetic effects of MS-222 at the concentration of 10, 20, 30, 40, 50, 60
and 70 mg/L on largemouth bass( Micropterus salmoides) , then it studied the impact of water temperature at
10, 15, 20 and 25 °C in 20 mg/L MS-222 on anesthetic effects,and finally anesthesia simulated transportation
was conducted at 20 C and 20 mg/L MS-222. Anesthesia test results showed: With the rising of MS-222
concentration, anesthesia time shortened while full recovery time prolong. 10 —20 mg/L. MS-222 was suitable
for largemouth bass anesthesia transportation. Anesthesia time shortened but recovery time increased with
decreasing of water temperature. 20 — 25 “C water temperature was suitable for largemouth bass anesthesia
transportation. Anesthesia simulated transportation test results showed: The survival rate was 100% after
transportation 17h but it dropped to 70% after transportation 24h. Recovery time increased as transport
duration increased. Muscle glycogen fell but lactic acid rose after anesthesia transportation. The differences of
serum cortisol didn’t change significantly but were significantly higher than the initial group (P <0.05).
There were no significant differences of aspartate transaminase ( AST ), urea ( UREA ) and lactate
dehydrogenase( LDH) in the first 10 h transportation, then they all increased significantly (P < 0. 05).
Glucose (GLU) increased with transportation time.

Key words: largemouth bass; MS-222; anesthesia transportation
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