AFESR - TEER > KK > TEIER
BEEKERRT GRS
(1995 £ 8 H 27 HEZF)

)oufnql O

TERI

TAIWAN
1993 5

“iag Res*

LU tbe PR M K2 o B R B TR R o2 #R 5

HE
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H S SATIR R IR R E R A AR - eGSR R - ERERE A/
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675 ppm IXERES K 395 ppm FRERGEITESTRIRE » "6

KB R ERRIR R B AR R PR SIAE 6 788 - 'R A 5 REUIRIEHARN - HE
FIGRIEC - HURILEH N BER — AR L B 2HRMEE A -

BHTEREE 675 ppm IREEEIAS 395 ppm IRMIE SATRMEE T » SIEEM IR
BRI E SRR - AR - BEIRER - MAKL - MATEK - M ERIERENE
WAREE - (HEMTEREFEMZERGH - RN EEEKE  HRENERT

{ERREEE > 2 BB E AR R -

EE

EERRR AN AEETEETRIRER > B
BAEGEE RE D ARG - BB A0

ERLHFNY - TRESHEAFER LSRR
W EZY » 4] Urethane, Ether, Chloroform, 2-
phenoxyethanol HH E BB ¥ AN ERIEEH
B> Wik WA KEGEANERAE - Bt
TERFEE R S EmIEE R - MS-222 fN— & ki
(Carbon dioxide, CO,) #3752 % A8 i F ek
= hE-HERRNEYEER (FDA) FEA
5 A & F A R A R e s 2 -

BHE L ISR A EBOR NG S
% AEmE AN —REREREREN Sk
PREAKS - AL GER > BEUTHEEMAS
BHER®? ) B—EA AR BERIT -8 % (Soda-
acid technique)® » RIIZTE K [FIRF IR IIRKES SSMTA
WREREW > FIFRWE LR R ERFNEY— 84
REIREE SR (Bicarbonate, HCO;) ZRFEEE A AE""
e EMEAASERAEY - TEEENE R
SRR — S A KRR A 0 AR NRES 8N
REREmMEoRMERD A LhESsEHN - K
It FEESESTEEFSL (Field) HYBRIET o

HELE, TEF, KA, TEIF (1995 LIREE SN R BRI EE
BE R, KBRS, 3(2): 151159,

D REREGN > TIRR - W > REE 0 ABRE

BEHA - FREE G GETH MBS RINE
By FiEAMAEKRIOREKE  BHEER
EEENEEYYS X REDBWE TR
Pagrus major 7 DE¥EKENE - B - AEEREL
Post B’J?i?i‘i“” ﬂ%‘ﬂﬁﬁﬁfﬁi@iﬁﬁ)ﬁkﬁﬁ@?ﬁﬂ” é@ﬁ?f‘

fﬂﬁﬁﬁéﬁ jﬁﬁ/ﬁﬂ%;@ﬁfﬁt TRBIET » FEEH
RIS - (RLARES b — P R T ik i
FE R ATREN -

FRBS %
— - H1H

FrE e BRI B A FT R R -
% > RNEARNES FRP FEAEIHL 2 & - BEERET 2
HEEBRTIER - ERAEKEREL 37-38 ppt
pH {# 7.90 - K& 17-21 °C - T EREZIRE
SIRTBECARMBERA -  BHEBER
21.500.68 /A% - BREIE 10.8920.11 A% - IF
BIUANMBRERAERRABEGED 1494 £
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143.65 /255 > BEEHIH 9.5 F 19.5 A4 - FilEsg -
SEAHEEBESAERMEHANEABERS
114.3615.66 /35 » BEEHIE 18.32+0.35 2043 -

= Tk

(—) B & & T 8 B T e 35 S P T B 1
®

#f Post'" Y 2 HEBE BB - L IREEE K
EREE (96%) S HIER 6.75% K 7.9% (wi/vol) ¥
Wl - (R - B A RBIR < iR SR BT B A
o LL2 0 TEEERREAE&F 40 [ /KL THEH 90 /
WA T o I N2 KR 080N (IR B TR 1 BV IR
A5 675 (395) ppm » 540 (316) ppm > 405 (237)
ppm K 270 (158) ppm - EHIEFTHRINAFEIELZ
VAT K pH B - SRE—RA—RBR =
B ARE A S AR HEITIAE - T HHEA Schoettger
and Julian"jii B SR Pz 2R KPR
(Stage 3B) - HuH il 50 8% R BF 5 EEFE  (Induction
time) » A B — T EMEH < EAMED - T8
ST EET R - IABIKIERR] (Recovery
time) - IRIEHRBHFZE TS 6 MARBHER - B
LA 5 RRYETEER -

(Z) RRMEEI B B H TP

T SN A RERA IR AR 2 0 1 BERIIAE 90
[ 8N I RSN FiER) ERTHRER
675 (395) ppm - FEHEEUA/NRFEIRIRES - [/ Ll
AEAAEE > SSRGS R - S TR
B AR — N EMEEE 2 ST GOS8 IRERF
A - IR B ERERIKRHER BE S
RKABIFETER -

(=) sk B S TEA BRI RMLIEE

[m B3t 5k o RS SN R RRERA R AR L 2
1 IREEINFE 90 1A - BNz kB sl (FRER) 7&
HETRATIERESS 675 (395) ppm » FREHTEH HFEFE 5
ERETHEHHEEBEBESII0E 24
REIMEEE - fnse % L E B MATELL (Hematocrit)
KIMLEM (Hemoglobin) - MARILEIE ELIE
A HEE M % > 76 12,000 g T BEL 5 7388 - F
EVBLE - ML EELL Cyanomethamoglobin EHIEY
(Sigma kit 525-A) = ZMMFEFLL 5,000 X g » 30 734&
B0 0 FHEN BB AT - WIEIMYEME (Glucose) @ #4E
F& (Total plasma protein) > &#FfH (Chloride)

FIBZERE (Osmolarity) » [MIFEEIL Glucose oxidase
EHIZE (Sigma kit 510-A) > fEEHELL Biuret &l
E - B TENERNRFEE S SR a8k
(Mercuric thiocyanate) € B - B 4 T 8 B B
(Thiocyanate, SCN') » 8 = {5 BOALAT i SR
$ (Ferric thiocyanate) » F#% » FIF L —E@KIETE
KB ELEETH R 460 nm TER (Sigma kit 461-3) ©
BEBAULIZBERHYE®S (Osmometer, Advanced
instrument Inc. Model 3DII) HIE -

(V) BaESHT

R B B 8 2 Bk B o BN R B BR WA B Y & A B
fF > H BTG B RIERRE  DAB T AT
% (ANOVA) SRS EAER BE 5%
FEZE K¥E > HLL Tukey’s honestly significant
difference #7827 - 8 T Ul il B 375 S50 Ir Rl B PR AB IF
B BE R 2 DA B AR M B BR . (Simple linear
regression) fIBAAMAT - B ERAH SR A2 R &

EAEHIEE . HIDL t-test MBBREHE =
FO6
75 &

— ~ T IFI & P G R i P2 SRR
BT

B P 5 O R B R B T Y
SRR RS A Table 1 i - (REEMAM > B8
ST AR R T B ETHE + Yk pH {EFIRAT
7.90 BRI - TERBRESRILAE 675 ppm  FiAM
FE 395 ppm B > U 5.68 - MLEIAORTRLTE R
TR S B R B T TR (RS
&4k 270 ppm [ 813.83 #4E] 675 ppm K] 189.67
B) - RIS LR WAER (BB SR 270 ppm
4 86.33 FE] 675 ppm ] 253.67 F) « [L41 » FifE
BRI 24 RESIEEE 5 Kk ECRRE
R RAMRE -

= AR A T

Fig. 1 BAFEEAN BYSERE R 675 ppm IkEE
S IBRE R 395 ppm FREEIFLEE T BB BRI
B IGIF RO AT BT o AR RIS RS
e B B R R ELES RS < A B R AR TR R
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RAELE (p<0.01)  HEIKERHMZBAFIE (p>
0.05) - FRELT AN > FEE BB ER K - MKFE
ERFHAZ W EOEBS - EEFARERIKER

Table 1.
and H,50,. N=6, Mean+SEM.

BRI L - ERIECERTH - ANERCE
EHREBRBEMRRKES XA > WREAKE
CEE -

Induction time and recovery time of black porgy anesthetized with different dose of NaHCO,

Conc. of NaHCO, (ppm) Conc. of H,50, (ppm) pH value Induction time (sec) Recovery time (sec)
675 395 5.68 189.67£26.93° 253.67+12.83%
540 316 5.81 342.00+32.63" 204.33+13.91"
405 237 5.95 503.00+27.83¢ 157.00£7.49¢
270 158 6.08 813.83+45.53¢ 86.33+2.761

Remarks: Values in the same column with the different superscripts are significantly different (p < 0.05).

= i B A AL EEIE R B L E

IR AR B £ B AR S TH A AR AR EE S SR
Table 2 - AMHEEBPHIEE  RER 675 ppm By
PXERESR f 395 ppm BYRRERIGEE T - ELiEras Eik
M55 4 @R - REMER - REEAS
WAH ARSI M AR LE - MATRE - MAEREE
HEFAHEENRAEENER - RS TE
MBERE - MAERNZEREZEEKE > HRM
R&E TR 16597 mEg/dl - = 5R i BEAHHY
147.46 mEg/dl » N B EEEME S 333.50

mOsmo/kg - & (& 1 Wi BF #H <« 347.90
mOsmorkg °
&

B S SN — I A KR - K EREE
BB @R (HCO;) ~ fikEE (Carbonic acid, H,CO;)
R &4k (CO,) (R Fig. 2) » & h#E <t
Bl SHFEIK R pH EFE?'? - Bk pH ETE 6 LA
T ZSMARBEEEY - T pH ELE 7-9 </
BRI R EAR - &5 pH [EAEME LT IREES
WEERGHSERIREEIR (Carbonate, CO;%) K&,

*E(ZJZ) °

DA S SR R R e /K R B Fa R - DATERY pH
{EHEZEEI7E 6.5-7.5"Y 5 6.5-8.57 » 5 6.9-7.6" Y
chp pH ENHE - SR EAEE fERE » 2/FER
& B R ER RS o Booke et al "VERE - FEE
BHAKFZEABRBEAS  ERAEBAN St
iR B tig T R ABANE S RANEN I TR
FRIEE - Post" PRIERE B /K -FHYTHER SRR & -
o i OB ER SRS HE RSN R L - AR REED
LR/ BB ERBEYHEERHE > DIEEAR
SRS BEEBS L HEHEEHHMMY
B - TSR G - B EEEEsRE K2
FETTIREERFRY pH B EF MR 6-9 Z[H - EIL - 7]
R ER BE SR =" EF2HEEH
RIRTHE® o EARE R - IRINRES S80 R R i A
Z A EER Post BV HEAT - AR KT pH fEAD
1£ 5.68-6.08 [ » BEE{mEE » Bk - AP EEEY
FERZ — Skl - 8 v RE BN 2 15 e B 8 Ik B 1Y
FH -

Booke et al.'"" LRk B & &7 & B8 B& Jii B%: A8
BEARE > KW EB AT pH 6.5 - REE
G4 642 mg/l WA F o 5 43§ P B T A M
= Schoettger and Julian fRBE S HHE MR E
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BEEF] > Aokt - TER

ZRHTH (Stage 2) » MAERBERE/K 10 S8 EEIW MK
18 BAERRERRRMEFERE (4-12 548)
FWRAERHE (15 58N - &R - & pH
EERY 6.5 Uik SRR S 1Y 642 mg/l I >
BB e BASEL - Post"PHIGRE - MRERFEAE 150-
600 mg/Ifg > AIEMAIMEEA Schoettger
and Julian iR S-HAZR B0 A EFMHTHR (stage 2)
ek ELEE (Stage 3) > MRBHFRHAT
BWARXE# - KEBFMAKES MR R
JAEEES 202.5-810 mg/l  Prince et al.""11 40 g fiREE
AEAR 15 mi KEEEEZERIRIIR 30 17K - B3
BRAEE7ENAEGHEHTED - XEE T
20 g EERI BN RSN 270 ppm EF » AT

2 HE iR BE £ Schoettger and Julian FREE 5 £
RITERETEHRI © 675 ppm - 280
W1E 5 A (T35 3.16 7388) WHLEE - i E
100 g By R ARSERMIELSE EIFRIIG R - KB EAE 4-
6 ST WL - TEEH BB DR -
Takeda and Itazawa'” DAfE S — &AL Itk i 85 32
B ARFEEIESU Stk - £4
Bt SAREMBRE pH HEE - (H22
5.6 DLk - —ifE > pHEE 5-9 ZHHNEE
BREAAKOARZEY - i H R EEF B A
B FrDAAREB RS B - EEB P RKRIE 5
Kk SLCREEF - h—FRER - DR
InEE R B 2 M -

400
o
& 300 |
(]
E
'5 200 |
©
a3 O Y =1.205 X + 169.69
£ 100} R ? =0.5957,p<0.01
O !
0 50 100 150
Body weight (g)
400
o
[
£ 300
m A
£ RA S 9
> A &4 a
g 200 a2 ‘ A A
>
Q
8
x 100 |
O .
0 50 100 150
Body weight (9)
Fig. 1. Induction time (upper) and recovery time (below) versus body weight of black

porgy anesthetized with 675 ppm NaHCO, and 395 ppm H,50,. N=18.
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Table 2.  The effect of anesthesia with 675 ppm NaHCO, and 395 ppm H,SO,
on hematological parameters of black porgy. N=10, MeanSEM.

Parameters/Treatment Control Anesthesia
Induction time (sec) - 241.03£17.1
Hematocrit (%) 37.90+0.86 36.70£0.93
Hemoglobin (g/d/) 11.38+0.39 11.18+0.37
Glucose (mg/dl) 75.13£3.86 78.12£2.92
Chloride (mEq/i) 165.97+£2.24 147.46%7.29"
Total plasma protein (g/d}) 4.61£0.21 4.6410.21
Osmolarity (mOsmo/kg) 333.50+0.97 347.90+1.57"

Remarks: Significantly different from control at 5% level (p < 0.05) " and 1% level

(p<0.01)".

COy + HZ0

Carbon dioxide Water

pH 6
H2CO3
Carbonic acid
pH7-9 H+ + HCO3

Hydrogen ion Bicarbonate ion

Fig. 2. Formation of carbon dioxide, carbonic acid and bicarbonate in water of

different pH values.
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TEMBEFENERENKTES  MEBERR
}E(GJ2,18-20)&%%%15&7(/J\(14,18,21-22)%13%;%4 ° Eﬁm%
PRIV R B S B B S B B N PR
KRR EE - AE RIS RN A4 S e
B CREREEEII 2-phenoxyethanol™ + MS-2221921-
PR Etomidate™Z FREFET RS - AR IIAOTRES S8R K
MEREEEE - BB S SRS T
RUBE/NEY R 0 PR 2 0 e 5 SRR ) th B K 3R
¥ o TELABNREE F8M S IR B i A - MR HE
TEHE A Schoettger and Julian FiEES AR 2 B3 K2
TEHR EERETNENIS - [EHERAEL
B EEBRHUKA - ZHREZEEATERESY
B o BhREEEVEENTTR (Hyperactivity) f£LL 2-
phenoxyethanol"®E2  MS-22 2" fjifi s f S8 1 2 H A £
(9 - BT R TE SRR R B T AR B B A
71 R DL T SRR TR FUERR AR o B R
RE R RBAERPRMEE 2B REREN R
B PER o R S R R 1S R Rt B S s R
BB IR T E AL & - {HELES AR/ MUL T2 B
BWIBR > S LL 2-phenoxyethanol i 85 8RF
AR AR ER -

BRLEFEXRMBES AHENE - 2—EL2N%
BR:EFEEY) (Chemical stressor) » (Kt » FAXE7EHEE
FHECRER % - — LB BEER R o A A L - il
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B pH EE H e s —ERERE
(Stress) /NG M E R HLIERETHEAER
IKELY) -

3

AR R ML BB 5B BRI ST B I SRR 5T



DRk o o b A R i o B BRE

157

A EEES - BII2ERRYEATAE L REARK
WhREREMRALFEEFNALABE R REERE
» RFULEGH

R

2EIR

10.

1.

ltazawa, Y. and T. Takeda (1989) Anesthesia of fish .
Anesthesia and respiration 1. Fish. Res., 8(2): 41-44. (in
Japanese)

Summerfelt, R. C. and L. S. Smith (1990) Anesthesia,

surgery, and related techniques. /n Methods for Fish

Biology, (R. C. Schreck and P. B. Moyle eds.). Am. Fish.

Soc. Bethesda, U.S.A., 213-272.

Morton, W. E. (1990) Occupational phenoxyethanol
neurotoxicity: A report of three cases. J. Occup. Med.,
32: 42-45.

Marking, L. L. and F. P. Meyer (1985) Are better
anesthetics needed in fisheries. Fisheries, 10(6); 2-5.
Mitsuda, H., K. Nakajima, H. Mizuno, F. Kawai and A.
Yamamoto (1980) Effects of carbon dioxide on carp. J.
Nutr. Sci. Vitaminol., 26: 99-102.

Mitsuda, H., S. Ueno, H. Mizuno, T. Ueda, H.
Fujikawa, T. Nohara and C. Fukada (1982) Levels of
CO, in arterial blood of carp under carbon dioxide
anesthesia. J. Nutr. Sci. Vitaminol., 28: 35-39.

Takeda, T. and Y. ltazawa (1983) Possibility of
applying the

anesthesia by carbon dioxide in

transportation of live fish. Nippon Suisan Gakkaishi, 49:

725-731. (in Japanese with English abstract)
Yoshikawa, H., Y. Ishida, S. Ueno and H. Mitsuda
(1988) Changes in depth of anesthesia of the carp
anesthetized with a constant level of CO,. Nippon
Suisan Gakkaishi, 54: 457-462.

Yoshikawa, H., Y. Ishida, S. Ueno and H. Mitsuda
(1988) The use of sedation action of CO, for long-term
anesthesia in carp. Nippon Suisan Gakkaishi, 54: 545-
551.

Yokoyama, Y., H. Yoshikawa, S. Ueno and H. Mitsuda
(1989) Application of CO,-anesthesia combined with
low temperature for long-term anesthesia in carp.
Nippon Suisan Gakkaishi, 54: 457-462.

Booke. H. E., B. Hollender and G. Lutterbie (1978)

Sodium bicarbonate, an inexpensive fish anesthetic for

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

field use. Prog. Fish Cult., 40: 11-13.

Post, G. (1979) Carbonic acid anesthesia for aquatic
organisms. Prog. Fish Cult., 41: 142-144,

Mishra, B. K., D. Kumar and R. Mishra (1983)
Observation on the use of carbonic acid anesthesia in
fish fry transport. Aquaculture, 32: 405-408.

Prince, A. M., S. E. Low and T. }. Lissimore (1995)
Sodium bicarbonate and acetic acid: An effective
anesthetic for field use. N. Am. ). Fish. Manag., 15:
170-172.

Schoettger, R. A. and A. M. Julian (1967) Efficacy of
MS-222 as an anesthetic on four salmonds. U. S. Fish.
Wildl. Serv. Invest. Fish. Control, 13: 1-15.

Kirk, R. E. (1982) Experimental design, 2nd ed.
Brooks/Cole Publishing Company, Pacific groove, U. S.
A., 911 pp.

B (1982) SBEFIRA K RpH. KBS, SUMHE
FNH, &L, 42-50.

FESL, EE/M, KAMWE, TEIE (1994) 2-
phenoxyethanol £ 25858 FRERTER. ZKEFFE, 2(2):
41-49.

Sylvester, ). R. (1975) Factors influencing the efficacy
of MS-222 to
Aquaculture, 6: 163-169.

Amend, D. F., B. A. Goven and D. G. Elliot (1982)

striped mullet (Mugil cephalus).

Etomidate: Effective dosages for a new fish anesthetic.
Trans. Am. Fish. Soc., 111: 337-341.

Houston, A. H. and J. T. Corlett (1976) Specimen
weight and MS-222. ). Fish. Res. Bd. Can., 33: 1403-
1407.

Oikawa, S., T. Takeda and Y. Itazawa (1994) Scale
effects of MS-222 on a marine teleost, porgy Pagrus
major. Aquaculture, 121: 369-379.

Houston, A. H., J. A. Madden, R. J. Woods and H. M.
Miles (1971) Some physiological effects of handling
and tricaine methanesulphonate anesthetization upon
the brook trout, Salvelinus fontinalis. §. Fish. Res. Bd.
Can., 28: 625-633.

Soivio, A., A. Nyholm and M. Huhti (1977) Effects of
anesthesia with MS-222 and benzocaine on the blood
constituents of rainbow trout, Salmo gairdneri. ). Fish.
Biol., 10: 91-101.

Reinitiz, G. L. and ). Rix (1977) Effects of tricaine



158

ATER  BEEA - KA TEE

26.

27.

28.

29.

30.

methanesulfonate (MS-222) on hematocrit values in
rainbow trout (Salmo gairdner). Comp. Biochem.
Physiol., 56C: 115-116.

Ferreria, ). T., G. L. Smith and H. J. Schoonbee (1981)
anesthetic
fish

Haematological ~ evaluation of the
the freshwater
Cyprius carpio L. ). Fish Biol., 18: 291-197,

Hunn, J. B. and I. E. Greer (1991) Influence of

benzocaine hydrochloride in

sampling on the blood chemistry of Atlantic salmon.
Prog. Fish Cult., 53: 184-187.

Hseu, J. R, S. L. Yeh, Y. T. Chu and Y. Y. Ting (1996)
Effects of anesthesia with 2-phenoxyethanol on the
hematological parameters of four species of marine
teleosts. ). Fish. Soc. Taiwan, 23: (in press).

Houston, A. H., J. A. Madden, R. J. Woods and H. M.
Miles (1971)

chemistry of brook

Variation in the blood and tissue

trout, Salvelinus fontinalis,

subsequent to handling, anesthesia, and surgery. ). Fish.

Res. Bd. Can., 28: 635-642.
Bourne, P. K. (1984) The use of MS 222 (Tricaine

methanesulphonate) as an anesthetic for routine blood

31.

32.

33.

34.

35.

sampling in three species of marine teleosts.
Aquaculture, 36: 313-321.

Thomas, P. and L. Roberston (1991) Plasma cortisol
and glucose stress responses of red drum (Sciaenops
ocellatus) to handling and swallow water stressors and
anesthesia with MS-222, quinaldine sulfate and

metomidate. Aquaculture, 96: 69-81.

Smith, G. L., ). Hattingh and A. Burger (1979

Haematological assessment of the anaesthetic MS 222

in natural and neutralized form in three freshwater

fishes species: interspecies differences. J. Fish. Biol., 15:

633-643.

Iwama, G. K., ). C. McGeer and M. P. Pawluk (1989)

The effects of five anesthetics on acid-base balance,

hematocrit, blood gases, cortisol, and adrenaline in

rainbow trout. Can. ). Zool., 67: 2065-2073.

Evans, D. H. (1993) Osmotic and ionic regulation. In

The Physiology of Fish, (D. H. Evans ed.). CRC press.

Boca Raton, 315-341. '
Perry, S. F. (1986) Carbon dioxide excretion in fishes.

Can. J. Zool., 64: 565-572.



LB S0 e BRER R SR M R 159

_— s ) 0

Jinn-Rong Hseu, Shinn-Lih Yeh, Yeong-Torng Chu 5’0 OIO’

and Yun-Yuan Ting TERI

Tainan Branch, Taiwan Fisheries Research Institute, TA'WAN

Chicu, Tainan 724, Taiwan. ‘%s' 1993
Tieg

(Accepted 27 August 1995)

Application of Sodium Bicarbonate and Sulfuric Acid for Anesthetization of
Black Porgy Acanthopagrus schlegeli

Abstract

We mixed both solutions of sodium bicarbonate (NaHCO,) and sulfuric acid (H,SO,) in sea water to try to
anesthetize black porgy Acanthopagrus schlegeli. The results indicated that the anesthetic induction time was
correlated positively with body size and negatively with the concentration of NaHCO, and H,SO,. But only the
concentration influenced the recovery time. 675 ppm NaHCO,; mixed with 395 ppm H,SO, might be suitable to
anesthetize black porgy because the induction time and the recovery time of most of the fish were less than 6
minutes at this concentration. No fish died during anesthetization and 5 days thereafter. Thus, this technique
should be effective and safe for anesthetization of black porgy.

We also examined the changes of the physiological parameters of black porgy after anesthetization by 675
ppm NaHCO; mixed with 395 ppm H,SO,. The values of hematocrit, hemoglobin, plasma glucose, and total
plasma protein were not significantly different between the anesthesia and the control groups. While the plasma
chloride ion concentration decreased significantly and the osmolarity increased significantly after

anesthetization.
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