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56.90 mg/L MS-222 WEBEM B /N T T &M, MS222 ML 2WKE N 15. 57 mg/L, T HEHMELEKE N
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Abstract : Experiments were conducted to investigate the acute toxicity of MS-222 and clove oil, and the
anaesthetic effect of MS-222, clove oil and direct current on juvenile Acipenser schrenckii[ (71.2 £8.9 ¢g) ],
Besides, the validity of the three anaesthetic methods of the sturgeon on the ground of behavior observation was
discussed. The result of toxicity experiments show that the 24 h Ly, , 48 h Ly;, 72 h Ly, and 96 h Ly, of clove
oil and MS-222 to juvenile Acipenser schrenckit were 26.37 mg/L, 22. 17 mg/L, 18.00 mg/L, 16.22 mg/L
and 61. 67 mg/L, 58. 22 mg/L, 56. 90 mg/L, 56. 90 mg/L, respectively. The toxicity of MS-222 was
obviously lower than clove oil, the safe concentration of clove oil and MS-222 were 4. 70 mg/L and 15.57 mg/L
respectively. The result of the anaesthesia experiments showed that: the fish lost its equilibrium within 3
minutes, and was completely at narcosis anaesthesia in 7 minutes. When exposed to a high concentration
( MS-222 above 100 mg/L, clove oil above 50 mg/L, direct current above 12 V) , and the fish recovered in 3
minutes. It was found that the relationship between the time, anaesthetic conceniration and the direct current
followed an exponential function, the related coefficient R* was more than 0.9. The difference of the anesthetic
results under different water temperature with the suitable direct curreni (24 V) was not significantly different.
Under suitable anesthetics concentration ( MS-222 100 mg/L, clove oil 50 mg/L) , the complete anaesthesia
time and water temperature were negative correlation, while recovered time and water temperature were
positive correlation, and the related coefficient R” were all more than 0.9. All the results indicated that three
methods were all applicable to anaesthetize sturgeon, but the proper method should be chosen according to the
different purposes. The anaesthesia time and recovery time in the electricity anaesthesia were so short that its
physiology mechanism deserved further research.

Key words: Acipenser schrenckii; direct current; MS-222; clove oil; temperature; acute toxicity; safety
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JE R 45 Foh B A BB AR TS AR — U 7P A A I R B VR B A BRI 1R %k B T AR [ B B BB IT S B 2
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(71.2 +8.9) g B/MA, B3 14 d FHTE, SRIREARRK W, BRAMURE —K, HAFFHAK
& KDF(Kinetic Degradation Fluxion) A3 i85 B S B kK. REF/KPEHRE (7.0 +£0.3)mg/L, 7K
1@(20+£1) C,pH k(7.6 £0.1),

TR RRER ISR A MS-222 (bt N sh & 5T 12450 A0 T &M (B E L= KA B R A |8
HE) o MS-222 B, BIET K, KA WIS S BV , Sl 0 BRI 7 A= fg O 38R 7, 18 L B S BR
YRR 1 IRAVE TOK T AN IRE G RICRER, A S E T e 115 LE T,
RIGHBET A

T SLIN AR AT I S RAE (A% 78 cm x 58 om , [RRR/KIR 35 em) ; BRIEEFE A AETE 15 € S R4
(FUA% 42 cm x 32 em, fREF/KIR 30 cm) ; B JBR s 72 JPR A 1 22 DK B P BRRE 6L T4 T A AR A DY , RS
124 32 cm x30 cm, ERIFE FKIR 30 em, BELVREIEH WYJ-S B R AE AR ER E A4, e E 0]
B Y R A B KA (SME 102 em, 42 70 em, 7K€ 30 cm) , 7K I E Hy:25 ~45 em/s,,
1.2 2MEHLi

HHATHISEES , AR FC A9 40 #0710 TG R, 75 21 24h 100% ZET-FREWRE (24 h LC ) #1196 h
0% FET-FREWE (96 h LC,) , B xE BREEF B9 MR B IX ], 7E L EERl b4 A5 r = (b/a) "1 Zexd i) BE
ST MS-222 ¥R B :50. 12 mg/L.54.95 mg/L.60.26 mg/L.66.07 mg/L.72.44 mg/L.79.43mg/L, T
MBI E X :10 mg/L.13.2 mg/L.17. 4 mg/L 23.0 mg/L.30.3 mg/L.40 mg/L., &4 8 B
B REATATH, — DX RA (TEMAL ) . SEHAT 24 h (ZIER A, SR RABS T KEEY S
PEFEME IO . BT 8 h FELLIET, #3576 24 h,48 h,72 h,96 h Wi, iC A0 TR
1.3 BREFSCE
1.3.1 AREBEERBITEREWL S FRESTIRT R K5 4 2 f AR BE SR 18

B EERE A48 V,36 V,24 V,12 V ;MS-222 ¥ JF % E J7:200 mg/L,150 mg/L,100 mg/L,
50 mg/L; T HM¥EBE B E 2 : 100 mg/L,75 mg/L,50 mg/L,25 mg/L, #4H 8 BB &, =117
o KIEH(2021) C, LIADH AR 24 h, WEFFRAK M T 85 BB IE B EEHFE T 5 min, DIFERE
) LR , S e AR TR AE T LR 8 ()3 BIPIRAS  FEEATHER , 40 51000 5 V0 SR PR IR 1) Wk B BF [ Rk
=Rin =TS
1.3.2 R[ERERSEXT R BRI R0

WRAE 1.3, 1 JBRERES SR GBS H M i R AR EE R VWR B (B i 24 V. MS-222 100 mg/L, T 7 JH
50 mg/L) F# AT A R/KE R MREBESCR IR, WEEEHEN:10C 15 °C 20 C25C, S48 &%
ZAATH KB RERAGEH
1.4 FEsEitotr S5itEA

SRR T HME + friEZE (Mean + SD) KoK, 7EE Rl F 77 24347 (ANOVA) i 254t R A Duncan
ZEIWRERERARZS (P = 0.05), FrASEEHRA SPSSI3. 0 B4 #HIT4T,

K FARE A (Karber ) $1 82 BICHE (LCy, ) ERWRE (SC) MEBBEIR E K 95% B XA,

2 %

2.1 TEMNE R4 A B S I 45 R

T AR E S Y 24 h 100% FE T E W (24 h LC,o) #1196 h 0% SET- Bk & (96 h LC,)
53500 40 mg/L 1 5 mg/L, fEIR5T R P I6 A A 25 S E0 B2 e 3h , Sk RS, Hh B0 AT IR 4
RIS ,5 min f5 10.0 mg/L.13.2 mg/L 17.4 mg/L 3 20§ 8 A I 3035, JERE 1L B U 3l , T
23.0 mg/L.30.3 mg/L .40 mg/L 3 MARMAER LRARSN, FEZ i o 74 , e A WF UK B8 A1, M 2 F oK
T, I EREIR I R T AR E K, i LR A B £, THIMS R\ a S By
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2.2 MS222 MRS EBHLIRER 5 eof  \u el S TTl00men
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SPHI079.43 my/LRSO. 12 me/L, MS222 9B 2of A w s Lo

VEFIS TR WARAL, A B e g, S 3 sh, ol \ o e

WP AR R AN R B B4, 5 min J5 50. 12 mg/L, o 8 %

54.95 mg/L 2 N4 Yt BACE R IR B, BETEH 50, W /b

M 60.26 mg/L, 66. 07 mg/L, 72. 44 mg/L | B 1 T A AL e

79.43 mg/L 4 NMHBE R LR GER SN, B R Fig.1 Acute toxicity result of clove oil to juvenile

7, s Wevk B A, ML TFoK 7 , I HERE MS-222 VR Acipenser schrenckii

AIER, B IR AE R A @ I 2, MS222 XIE R S EF AR LK 2, ¥ Ik E
(LCso) KM 95% BAS XA E2WBE N2,

£1 THANERSHEANBSAESEERE SSERFXE
Tab.1 Acute toxicity values under static state and 95% confidence intervals of clove oil on
juvenile Acipenser Schrenckii

R AT SR AR, T UK B AR 5 S ARk 22 AL 0 T s0
VKBNS, IR AN, XA BRI A 2
R FERREE L 3, 8345 1m0, S8 3h AR 1R M58, A jL O
o, AN SRS AR 6 2 5 7E BRI L0 ), 669 E AR
FERRBEYT L, BRahE IR, IRE BT BN , B Se R

WRZY, e R Eh, R R, iR sy, 2 MSORMBRRMEERER
e < e Fig.2 Acute toxicity result of MS-222 to juvenile
JERE A o

Acipenser schrenckii

-« "72.44 mg/L
—+—79. 43 mg/L

R[] (h) FHILHE LDso (mg/L) 95% FI {5 FR (mg/L) LW E (mg/L)
24 26.37 23.12 ~30.08
48 22.17 19.23 ~25.56
4.70
72 18.00 15.37 ~21.08
96 16.22 13.98 ~18.81
2.3 JREESEIRSN AT 1001
90
Eﬁ%i%ﬂ*ﬁ* ,HEEE@?QJJ@/—Z;HZ'I Iﬂ—%ﬁﬂ 80 e Xt
TR RAHERRA L RARS R A = 8 el T a2 e
BB TEBREE L, Ak B —AME B Y4 E ), d S0F ~%760.26 mg/l
& 40 x- 66.07 mg/L

0 24 48 72 96

Wi fE) /h

w2 MS2 MERGHEHHEIMSUHERE ISP ERFKE
Tab.2 Acute toxicity values under static state and 95% confidence intervals of MS-222 on
juvenile Acipenser Schrenckii

B[] (h) 2L BFEUREE LDy (mg/L) 95% A {5 R (mg/L) WRWE (mg/L)
24 61.67 58.22 ~65.32 15.57
48 58.22 55.40 ~61.19
72 56.90 54.28 ~59.65
96 56.90 54.28 ~59.65

MFR T FIZR 2 WG R AT, MS-222 B B/ T T &l MRYEEZ AR GB/T 16310. 5,MS-222
AT 2 %o R AR 4 AR R 69
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2.3.1

T2 B R AR (5] R FBE R B 571 0o e P 63 41 8 Y R B SO0 SR
I [ B, s A [ e o JRR T 50 X ot ER B9 400 £ 0 ORI 2 SR S W 3k L I3 3 BL vl B JRR IR ) AR e

() SR A 11 S ] , MS-222 1T i JUI 98 E A PR 11T 2 et 1]
K3 ARRBREMTERERBERERSYEMRELR LR

Tab.3 The effectiveness of electric voltage gradation and anesthetics concentration gradation
to juvenile Acipenser schrenckii

IV A " e . s PN
ot T (| 4 R [E PRE BT W g
PRI KF AT E (s) SER BREERTE] (s) VR AIE] (s ) PR BE (m)
48 0.5+0.5% 1.0+0.5 19.9 £17.4° 5.097 +4.72°
36 1.5+0.5° 2.0+1.1° 8.5 +6.9° 0.890 £0.910b
i
HIE V) 24 6.5+2.1¢ 24.5+10.6" 9.0+10.7" 0.724 £0.980"
12 16.0 =3.0¢ 188.8 +103.1° 6.25.4% 1.550 £1.810%
200 98.4 +28.2¢ 149.1 £42.2° 69.3+19.0° 21.24 £6.542°
150 111.0 £23. 8" 171.2 £25.3 84.0 £20. 0" 39.63 +12.56"
MS-222(mg/L) 100 105.7 £28.1* 252.5 +44.1° 116.6 £33.9" 53.38 +17.07"
50 475.8 + 158.0° 1592 +437.4° 109.5 +24.37° 41.76 +8.590"
100 96. 4 +30.0° 210.0 50.0° 143.5 +30.7° 64.66 +17.08°
75 127.1 £41.4° 244.9 +44.7° 182.2 £29.8" 75.72 +11.55°
iy L
T (me/1) 50 117.6 £26.5° 383.1+98.6 159.6 +27.1% 66.03 +10. 020
25 439 +191.6° 1984 £441.1° 146.0 = 15. 1% 59.45 +5.230°

5 LB A FEAARANTEEE R (P>0.05) Kz, H B EZR(P<0.05)

3R 3 vl &, 12 ~48 V B R MS-222 ¥R 8 100 ~200 mg/L F1T FiHHE A 50 ~ 100 mg/L B 43
BUX i R8T 4l B B BR B8R 23 min SR 77,7 min PSEABREE, 3 min NIKE, 8 DR AR BE.
MS-222%¢ 2 1 50 mg/L Bf s PG 89 40y £ F) 2% 25 P-4 I [ 1 5 2 R b (] JU) 53 3] 75 2 8 min 1 30 min; T
THHRE A 25 me/ L Bt PREF 4l £ 4 5% 251485 B 1] 0 58 2 PR B Bk 1 U 29 35 75 22 6 min A1 36 miin, J& —
FEURREE

A T i, VAR [F R e 3 1 5 4 ORI ) AR 6 SR R 2 R R eRBUAR DG (11 3) , MR R B R 3K
F0.9,F KHTE0.01 /K L3, Wi R FIRRBERI VR B B3 K, 58 S pREE I A2 )

350 25007 3000
| =4079100x°% %5 =1179639x 174 ~346098x°1- 629
300 a 2000 | = 2500 | =
aso b R=0. 9739 =0.9167 Re=0. 9389
i 2000
2 00t 1500
= L 1500 |
& 150 1000
00
100} . 10
500 |
50 500
0712 22 36 48 0 50 100 150 200250 O 25 50 75 100 125
BIE /V MS-222 #JF / (mg/L) TEHKE / (ng/L)

B3 52 BREEET A5 F PR FRRIE AR v B AR SC 28 2R

Fig.3 The correlation between complete anaesthesia time and voltage or concentration of anaesthetics

2.3.2 WREEFFEMIEIREY BTAHREWRIFAEGMELFE

T FL PRI B B 9 2R B L A P A, BV A Bt 6 B A AT, R R 4 £ Sk W9 1 BB ) B AR B B
&, B R R RO OR , R BH SN B R , R A UL s i R R R e H BUE R IR ISR TR, SRR
PR, 0B BEARGYSS , FF FEREA MR P TR B GY , ri iy , SR I o IR Y LU BB G o A R BRC 1] B AL P
JRR I TR, SRR TR 25 B R 20T T, R I 79 2 AL 88 40 A A1 o R IS8 SR A AR R Y B2 W 5 e ER R 4t 7E
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PRI S 2 JoR B 590 TR0 8P 42 6 Sk 1R HH K T, 7E R BF 180¢

I B BT , A NI SR EL A T % 1aof
AR R KT A S o]

— B4 (R RO R4 S AREE L MR BT OO

4) AEBBRETAFGEHS e, TEE  § 9

RSB, I 940 1 7 2 4 9 5K FF 71 6 3% L P

MS-222 JRBRET 5, TIAE % 2 F 45§00 35 3 L2, X EEL

BROKTF I £ A L MS-222 JRBFRYIE., 14 HEEUT) 45 ST BB T & AR

2.3.3 AEKEBHEIT REESR M Fig.1 The frequency of gill opens to shut of juvenile
B34 AIA, 24 V B I B RBESURE A R E Acipenser schrenckii at different

METLE & 25, MS-222 1T & il X i (R T4 &
FIRBF AR EARFRE FEREH,
SE4 FRIE 18] S PR B 1] S5 /KR R FE SR SR R ILIE S R 6, 7KL 5 58 4= BRI [A] 25 52 B 2k fA A
%, KR SIRE B A 2 HLRIEARSE M RB R AT 0.9,
F4 KiEXEFRREETT AR AN

Tab.4 The effect of water temperature upon the effectiveness of different anaesthesia methods

FRIET 5 REC RETFHEFE(s) SEA RBERTE] (s) WE R (s) PRE B (m)

10 6.7 +2.134" 28.6 £10.9° 8.8+7.8 0.735 =0.89°

15 9.2 +6.3° 25.2 £10.5° 9.0£8.9° 0.877 0. 868"

24V HifiH 20 6.5+2.0° 24.5 £10.5° 9.1+8.8° 0.721 0. 896"
25 9.0+7.9° 25.0 £11.5° 13.0£12.3¢ 0.820 +0.939"

10 135.0 +28. 8¢ 291.0 +44. 5% 84.021.1° 39.77 +10.22°

15 111.4 +20.4% 257.1 £32.4% 105.4 £13.7% 39.71 +8.200°

100 mg/L MS-222 20 105.7 +28. 1% 245.0 +38.3" 116.6 +33.9" 53.38 +17.08%
25 90.75 =25.1° 181.8 £22.5¢ 165.7 £33.6° 54.90 =8.240"

10 147.6 £19.9° 446.4 +84. 3° 128.2 +25. 4 53.793 £ 10. 54*

) 15 141.0 224, 2% 385.0 +74. 6* 135 +34. 1% 56.25 = 14.21*

50 my/L T 20 117.6 b : be be
.6+26.5 366.0=78.9 159.6 £27.0 66.03 =10.02

25 116.8 +24.9 278.4 +51.5" 180.5 +29. 4" 75.21 +12.26"

=5 L BEE - FEARANEREZR(P>0.05) K2, WA REFLR(P<0.05)

500 L 200 [
450 ~_ y=—10. 46 x+552 180F 3 699 1x+87. 326 -
400f ~e B=0. 945 5 160 f F=0. 957 5 -
© 350fy=-6.7926x+362.59  ~~"F » 140} > _: +MS-222
= 300}  R=0.9239 =~ 1207 e . . T E
&= 250 * = 1001 y=5. 128 9x+28. 195 X
200} 80 R=0.9144  ‘HUEH
150 60F
100} y=-0. 234 9x+29. 972 Y 7=0. 246 9x+5. 665 7
R'z 0. 644 2 RE=0. 627 4
58 , A-cccA---- 4----4 , 28 . $----F--c-- { Sl 4 ;
0 5 10 15 20 25 30 0 5 10 15 20 25 30
e /C B /C
BlS sELRREERTR S KR MH R & B6 524 BRI ] 55 e i BRI M BE RO A SR R
Fig. 5 The correlation between complete anaesthesia Fig.6 The correlation between recovery time
time and water temperature and water temperature
3 g

EAAME R BREER 28 MS222 MRl FZFR. THEMEAHMGEYEF, LT,
MS-222 FLA {5 PRV AR AE AR B 9k TR 2 BV A % 105, & B AT ME— 4 3€ [E FDA (Food and Drug
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Administration ) $tt ¥ F T € B RRBER ; 25453 T 75 Tk P e 4E 2 B 490 Vim0 0 2F S 2 1 11 B 541
BT B R KRB, BT AL R B TR & R, W EE FDA BiF b2 —Fhxt AT
FENYE . 2N CHFHRIEFRAMS 222 T HMAT MR/ JEIC22RREE T 5 B AR, KR RR
W, AR CO, BREFSE, MRIBARMHC BB R A HR B R RNE X @ T TR R R AR
FrEFERE R 5 CO, P EBIRE 10% 88 B LS4 T R EEA R MRBE ST, £46 7
B A BV R R E S 5 B R 7 132 Bl — R 360, FE 461 ') 56 vt R A | BRI T B 1)
EF], R T AT RER BRI
3.1 BREFEIT AL

B RRIEET I , 8 PR RIS RN KRR BRI = AR RN . S DR £ He /N S R BT 75 14
HUEEAR, IFE7E 10 ~25 CHETE 5 BRI , 761X/ 38 Bl =2 4 f BRI 7 B O I TR S 4, i I3 k1, 78
LI HRATEI 10 ~25 C M RELENETURMAT IIET LR EER (R 4) . BXT BRI N :
B e T R/ DL R BRI RO B 18] o 76 0 v PR bR EK 65 40 £ R 0 1L 8 20 50 JUL PR 1 gy P R 434 2 B0
%, RSB EENEEREE, RG4S EHEFRESEREY 24 V,7EHBET 3 min HH PR ER
220, BRI (AR AT, 2 43-4h P BT WK SR I3 BRI B 5K A2 e 1) AR A8, VE B A 5 v SRR B Y
WEYLIEA X,

8 PR BRI 5 1P U A1 2R 2 I B R BRI BE P T B P AR o L U7 B JBR B 5 TR R {68 G 149 450 £ 0 AL JRR B
T 3, FESE B R R T, S0P IR R 54 i . T AL BRIERT , 883K TT 0 & S SR R0 T e i, T 7 MR
B G A 40y £ 7 X 25 SR B T B & S 3% bl MS-222 JRRIBAEIN 57, T 78 4 2 S 465 200 035 50142 1 30 0 8 ok
FFAI 3R L MS-222 BREEET K. PRI ZERER &1 U RS A ML A, HIE B RAIM IR
MM, KB, SRER T HHRBESERGAENIE T, 726 T & WmAE N FREEFI B, N 5 5o &
2 4 vie P R PN ] , 3B 6038 AR 2% o '

FEAS SCH BRI SEB0 AP, B3 AR R I (R AR S5 T 4 min, VB AR JELIH e ER 45 TRk e 3l i ~J
P, YR KAE AR B K A IR SR A e S35 0 o SR SRR B0 O FE ), TR e O X 6 SR R sk /e PR
AR IRAE BRI 4TS B MS-222 BRI K68 A0 o AR 45 2 SR 7E K R s s A K B T R R MR
1 ~ 10 min, B{#42 |- BF 60 ~ 100 min, £ /K41 BER R IEH
3.2 & RREETT LN

AR A B HE BRI O SR , VE A T U PR BRI T L RSl o B A T4 B B b 6 AR R et
IO Pl o 2 BRI o7 T 715 B 0 L B FELRRIBE T, TT LA™ 32 U i T 2 AR BT 5T B 0 B R o A
PR, RS RG] LI T /K THRAE , A RAERT R K, AP SR IR IR S N B, AT BRI T 20,
ol FUR AR 2GR, LA S5 R , (5L s e ), LA SRR JBE o MS-222 X it PG5 4 bR R R B B
100 ~200 mg/L,— M RREFFI £ 4 50 ~80 mg/L FHFERFIEN 15 ~40 mg/L; T F X (G40 Atk
HERRBEE R 75 ~ 120 mg/L, —RAREEFIE N 50 ~75 mg/L, EHFHEEAFE N 15 ~30 mg/L(E 3),
Svoboda %11 A K T FiH/E Jo £ 2 BRESFHI KU B 24 30 mg/L; Griffiths'™ #E£ W J 40 mg/L, fE3X 4
YT ML 44 4 min BREE, 14 min PR ; Velisek 21V AN 7E 40 ~ 60 mg/L ¥ B A, 7T LA A5 35 D R 1
0T 88 , 3 EL R e AR R A
3.3 R

FELH PR THFRMENGBE T IRAESE, 3B, TE MG RE4 AN EFEEE R T MS-222,
T Mt A 4 £ R B T 7E AR R PR A 18] T , MR AR R b MS-222 KL 3F HL T F I bk, AR WK
B R, KB RIZEX M ERE T X R AR 0,

b 2% IR ERSV 2 BB/ (R 2 B R 490 1) £ B B v P K, S BB Ok 2 R S VR W o . — A R B 1) o S
6 o B R 5, VR TR M 2 5/ i, B S VEFl T 8. 3 KB ) B Bt 4 Ao 3 o 7T IR B BB R, £
PR 5 B 4T 40 AR RRE , RSB T, EBRERE SR AT R E RS, e PR AR, SR A I
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WM AR, D BB R RE R, SR BRI TR R 48, RIS NLA B 2248 IR/ R R T ILE &
G5 {58 I Y 7 2 R, 7 A R, SR R — R P AE ALRBLRE g e . BT IR R
HE BRI AL AL 2 IR ARZE AL, (B 7E A AL AR L OB ST B AR EE

B4 S ERIR T S MR R AR B AR IR, IR 2 HLAE S B RIS AR B AR, SR DR 18 L8, I B

R BB B R A HILRE , B 7 FE AR AR P VR R E IR A RIS AT

R BRI B U L U JRR R A e A PR P R A 0 5 o 2 R e L850 57 5 L ml BB A R B Y J L/
B A ks e A A AT E BRI D B BRI TR R — MR IO B, T S S B ST AN
o

Xt BRERE 5k A , (SR 254 i B A R RR B AACSR B4 EE B AN 114, Rz 7 Ul 0 o7 98 52 oy 1 JBR e Xt
B R S 07 T AT IR AR 5T
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