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1  93MS-222

1.5 MS-222

13

3~4 mm

3 mm

1

1.1  
23 0.2 29~30

pH 8.0~8.2 DO > 6 mg/L
1.2  

25~40 cm
300~1 500 g

1 d
1.3

MS-222 98%

NaHCO3

20 L
2 min  

1.4

7 MS-222
10 mg/L 20 mg/L 40 mg/L 60 mg/L

80 mg/L 100 mg/L 120 mg/L 5
24 h

1

1
Tab.1 Stages and characteristic behaviour of sh anaesthesia

Stages of anaesthesia Characteristic behavior 

0
Stage 0 Opercular rate normal opercular rate and swing invariable when no-eye-side up turn over into 

normal quickly

1  
Stage 1

 
Slight loss of reactivity to external stimuli when no-eye-side up turn over into normal quickly

2
Stage 2 Loss of reactivity to external stimuli when no-eye-side up turn over into normal after struggle

3
Stage 3

Partial loss of muscle strain when no-eye-side up head and tail hold up body like a arch come-
and-go move but could not turn over

4
Stage 4

Loss of muscle strain when no-eye-side up opercular movements get slow but 
regular

5
Stage 5

Fish stillness opercular movements incontinuity transferred to fresh seawater and recovery 
quickly 

6
Stage 6 Complete cessation of opercular movements

0 1 2 3 4 5 6 .
Note Stage 0 Normal Stage 1 Light sedation Stage 2 Deep sedation Stage 3 Light anaesthesia Stage 4 Anaesthesia Stage 5
Deep anaesthesia Stage 6 Medullary anaesthesia.
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2~4 min
30 min

10 mg/L 20 mg/L 40 mg/L 60 mg/L 80 mg/L
100 mg/L 6 5

5 5 min

1.6 MS-222
Marking 4

3 min 5 min
MS-222 3 min

4 5 min
15 min 100%

90 mg/L 120 mg/L 150 mg/L
180 mg/L 210 mg/L 240 mg/L 6 MS-222

8 4

5
15 min

1.7
180 mg/L MS-222

5 min
0 min 3 min 6 min

9 min 12 min 15 min 18 min 21 min
5

1.8
5 180 mg/L MS-222

5 min
3 min

24 h 1 6
1.9

SPSS 13.0
One-way ANOVA P<0.05

P<0.01

2

2.1 MS-222 24 h

MS-222
 1 R2 =0.975 9 MS-222

10 mg/L 1 20 mg/L
2 40 mg/L 3 60 mg/L

4 80 mg/L 4
5

MS-222 100 mg/L
6

1 7 MS-222

Fig.1  Final stage of fish anaesthesia under seven different 

MS-222 concentration

2.2 MS-222  

2
1~3 4

5 6
F=66.515 P<0.01

2

2

Fig.2  Breath frequency of Cynoglossus semilaevis at different 

stage of anaesthesia 

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


1  95MS-222

2
Tab.2 Time to each stage of anaesthesia recovery time and survival rate of Cynoglossus semilaevis

n=5  X SD

MS-222
/ mg L 1

MS-222
concentration

2 /s
Stage 2

3 /s
Stage 3

4 /s
Stage 4

5 /s
Stage 5

6 /s
Stage 6

/s
Recovery 

time

/mm
Body length

/%
Survival rate

90 61 12 112 19 213 29 133 52 394 50 100
120 33 4 46 10 104 22 445 164 166 44 363 26 100
150 30 4 41 8 98 28 321 126 182 37` 386 34 100
180 28 3 38 7 79 16 240 24 202 57 387 49 100
210 26 7 35 9 63 10 195 32 474 205 395 58 100
240 19 3 29 3 59 16 191 34 492 517 115 355 31 80

1 15 min.
Note The characteristics of stage1 are not obvious so the data were not in the table. represents longer than 15 min.

2.3 MS-222 
2.3.1 MS-222 4

3A MS-222
4

F=94.901 P<0.01 MS-222
90 mg/L 4 180 s

MS-222 120 mg/L

180 s 4 3B
MS-222  90~240 mg/L

4 180 s
F=25.811

P<0.01 210 mg/L 240 mg/L

3 MS-222

A 6 B 6  n=8

Fig.3 Effective concentrations of MS-222

A induction time for Cynoglossus semilaevis Günther under 6 concentrations B recovery time for Cynoglossus semilaevis Günther under 6 

concentrations n=8

2.3.2 MS-222 15 min
2 MS-222

15 min
F=23.538 P<0.01

MS-222 240 mg/L 1
80 100

MS-222
120~210 mg/L
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2.4
180 mg/L MS-222

5 min 5

6 min
9 min

170 s

100 s 4
P>0.05

4 n=5  

Fig.4  Effect of  exposure time to air on fish recovery 

time n=5

2.5
5 180 mg/L MS-222

5 min 3 min
100 s

 5 P>0.05

 5 n=5

Fig.5  Effect of repeated anaesthesia  on fish recovery 

time n=5

3

3.1 MS-222
MS-222

50~100 mg/L pH 3.9~3.7
NaHCO3 NaOH

1 14

MS-222 30~200 mg/L pH
7.94~6.52 pH

5~9 pH 6.5~8.5
10

240 mg/L pH 6.5

NaHCO3

pH 7
3.2

1

2

2

1 15

24 h
MS-222 20 mg/L 2

40 mg/L 3

3.3 MS-222

MS-222 7

9  Trachinotus blochii  16

Micropterus salmoides  2 MS-222
3

4
Dicentrarchus labrax
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3.4

4 MS-222 9

Pseudosciaena crocea 20

MS-222

21  Paralichthys olivaceus
40 mg/L TMS MS-222 20 min

15 h
21 min

MS-222

3.5

24 h 6
5

MS-222 Billard 22

0.05

23 MS-222

MS-222

MS-222
1  FDA MS-222

21 d 24 2

3 MS-222 [17]

Tab.3 [17]

/ mg L
Dose

/min
Induction time

/min
Recovery time

25~100 <3 <10
Oncorhynchus keta

 Cyprinus carpio L.

250~480 <5 <10  H.hippog lossus L.

150 <3 <10  Roccus saxatilis

75  Fast 3.7 7.1  Gadus macrocephalus Tilesus 

80~100 2.6 6.8 1.2 2.5  Tilapia mossambica Peters

15

MS-222
4

3.3

1

3

3 4

MS-222
120~210 mg/L

MS-222 3
3 MS-222

MS-222
18

19
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1 3 MS-222
25

4 MS-222
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Effects of MS-222 as an anaesthetic on adult Cynoglossus semilaevis Günther

LIU Chang-lin1 CHEN Si-qing1 HE Li2 ZHUANG Zhi-meng1 SONG Zong-cheng3

 1. Yellow Sea Fisheries Research Institute Chinese Academy of Fisheries Science Qingdao 266071 China 2.Yangtze River 
Fisheries Research Institute Chinese Academy of Fisheries Sciences Jingzhou 434000 China 3. Weihaicity Huancui Aquatic Prod-
uct Research Institute Weihai 264200 China

Abstract Anaesthetic has been used in aquaculture to minimize the stress and damage of sh during harvesting
grading transportation spawning induction and handling. This study investigated the anaesthetic effect of  
MS-222 on adult Cynoglossus semilaevis G nther at  water temperature (23 0.2) . The body weight and body 
length of the sh were 300 1 500 g and 25 40 cm respectively. The concentration of MS-222 was designed at 
two ranges which were 10 100 mg/L and 90 240 mg/L. The breath frequency of sh increased slightly when the 

sh were in the nal anaesthetic stages 1-3 and declined clearly until stage 4 within 3 min under the concentration 
range of 10 100 mg/L. Within the effective concentration range of 120 210 mg/L the sh reached stage 4 within 
3 min recovered within 10 min and had a survival rate of 100% after immersed in the MS-222 solution for 15 
min. After 5 min of immersing in MS-222 solution at 180 mg/L the sh were taken out for air exposure and 
the exposure time was designed for 0 3 min 6 min 9min 12 min 15 min 18 min and 21 min and then the sh 
were put into clean sea water. The recovery time was 100 s without showing any signi cance P>0.05 .  Using 
another 5 sh to sink in MS-222 solution at 180 mg/L  for 5 min then exposing them to air for 3 min and putting 
them back to the clean sea water the same conduction was repeated one time daily over a period of 6 d. The 
recovery time was not signi cantly different which indicated that the sh had no increased tolerance to MS-222 
by repeated anaesthetization. The results indicate that  MS-222 as an anaesthetic to adult Cynoglossus semilaevis 
G nther is feasible in terms of the effects that sh can be induced anesthesia rapidly and recovery rapidly with a 
wide concentration range of safety without any increasing tolerance by repeated anaesthetization.  Journal of 
Fishery Sciences of China 2008 15 1 92 99
Key words MS-222 anaesthesia effective concentration Cynoglossus semilaevis Günther
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