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O/ BERBECELEITERIMOA=a L —2 a > OE

G M
i~ wE

IR Bk e, WK BT 739
19964F10 3310 &4+

B F  oa ke MS222 (#2737 REBR=FA - AAm VEEHE) KB RL, 0k LU
TRIIES = o v — v 5 vEBOTEBREIEC DL THRE Ui, =1 BilIRh O FURRIRIE R0 1 )
ey 80mg/dl AR L, 24MMIBEH 5meg/dl K FEFCET Lic, ~% 7 e & BIEEIBERY 5
2 - AT B, FRERFEMN | EEES 11~12 g/dl, 4~9nM/1 &R Licht, FEHi#18~
QUMD T~ 7w € VB 8g/dl, Y 7 o2 —A 7 § vBBEW 3aM/L i ECETL
Foo B2, FH IIFMBCREISRIT & F— 2202 6 BEIBcMN I htb oo, Bkn pH
DEETHOISEI A E L, chb o Eabiil:, FifinboBRE C, mEoBRKE
T ORK & IR BRI 1 ORI X BB~ OMEFA S EIECH v, EREENRET
B E T IR 5 BN E AR 18~ 24 C b A A B A T - T2,

e kI MS222, = b v, MR, =, TRERMGARE

& B

BB BT 5 Gl M~ T —F — AR EBTHFM R L, B ENE YT 5%
EDB G, BEAON = o v g OB, HBEEE LT MS222 (£ 27 3 2 REER=F 1V« AN
R VB IR HVBRTWB,

MS222 FEk, AEOMBEOLEERCKEREELYRIETESHLMC IR TV5, Thbb,
MS222 JRBEFC= o= A Oncorhynchus mykiss O MrpFLBREE 12 LA L (Brack and CONNOR, 1964;
Sowvio ef al., 1977), =~ A, 757 Oreochromis niloticus, =21 Cyprinus carpio, 7 7 < A Salvelinus
Sontinalis DIERO 7 a2 — ARED AT 5 (Houston ef al., 1971; Sovio et al., 1977, SMmIT et al.,
1979; NIEMINEN ef al., 1982) IS5, i, MS222 M Fis L UG O = o< A filfirho
BAREICIS\T, BHCH Y V4, = 7R v P ad A vBERERL, 28 94 VAo vIREERET Y5 L
&G xR Tyv% (WEDEMEYER, 1970; HoUSTON et al.,, 1971; Sowvio ef al., 1977), = v~ AMfErho{EE» 5
a—AT7 3 B, MS222 HEHRCHHC LATARELRE SR TS (IwAMA ef al., 1989), —75,
OFAEL, MEE, My AT MS222 o BECT s HE b <o Rbh b, MS222 BREHN
ww, 7 v Tinca tinca ¥ L OVH V= A BNRE ARTH, B3I LR & 7 b (RaNpaLL, 1962;
HoustoN et al., 1971), KM Uicdd o TR 4 -k BIR UE & T 5% (HousToN et al., 1971),
MS222 BEFT O = o< AW, o KEOE T L b, BIRMEESEE pH MET4 5503,
BRI RS R R A5 (SoIvio ef al., 1977; IwaMA et al., 1987; 1989),

Lnl, H2a b=, VORBIKETERS) = o b—> 5 VERFO$ ONER OISR
R &0 & 5 TelBBr BIET 00, $RrofE G EORCEET 500 & 5 MR L FElc R Licl
Fixdioy s, MS222 JRlE - = 0 v — v g vBO, MO T AR, WK, ke v v S oBEg e,
T HOMEORM WL T 5 2 Lk, SEBORE FHE S OB OREVIER 5 eI
CHHECHD,

F ZCARBIGE T, =4 Cyprinus carpio LI MS222 BB L, HABMRBS LU OB ) = o v —
Vg YT BROWREIROE, OB, SR, A, DEOLEER, BRI Fa-AT7 L Vil
ERREL, Mo mEREs L O ROREB S THRE L,
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o & F

#HEA BB a1 Cyprinus carpio w 31EGHM L, BB R L= 1 ofR BL) i
310::22.8 mm, AHE (BW) 1% 552::109.6 g Th » Fo JEHEE (C) 13, C=BW (kg)/BL? (m) »5HHH L, 19
4. 1TH oo, = A LB BREFRATAHOBRME L YIWA L, KEKEEYEEERNOBIVKIE CARO
H s & OB 4efi-C 2 W~ 1 o AT Lic, BRICET L, =% 5001 ORPIHRIGAKE S
L, kit 25°C ¢ 2 EEELEATH LRBRERE it 38, FIEPREAHR No. 7P, AAERSHE) %
HH-ERRES 2, N = v— vy VRO D EMENRT T E Clli R 38,
h=Zab—a  JRERECE, BEY 25°C @i, RERKFES Y v 4 (Nacalai Tesque. Inc.) %R
MLUThF L 200mg/l © MS222 (ethyl m-aminobenzoate methanesulfonate, Crescent Research
Chemicals) % i\ 7o, BREBMC X 0 EEESHB 248015 Lic = 1 2 FHidc e, HABRCHHE 1mm OFY
= Lol (No. 3, Hibikd), B L OO EERCARE 14 mm O = v {15 (No. 4, Hibiki) #3515 F
Wikl Lico FHiD = 4 RENREDOTRRIRECH Ui, RBRREW 25.120.1°C, MBE~DOHA
K 600-700 ml/min, FEAKOFEEHES L 147£3.2 mmHg Ch »tz, FRhOME KD pH 11, EH
BllARE, M THEE b pHT7.6-7.7 TH oo,
RERSRME S L ORI

FERL 2 = a vy VEROTERBERE ORINZE L

PO o LR ECBUE LIRSS OB E L Bfu ) = o b—2 5 w81, 6,12, 18, 24, 36, 48
FFRIC CaS, R BIIRIEE, PRRBCA IR Lo s, 0.5 ml 3 2fT W IR 4 05 Lic (n=21), O,
WARBINRIME, SR oG 0 BRI 77 - e,

FER2 1 M=o b g v 2ARFEME O TEBREE

B oo b=y VMBI RLR X = 4 O REIIRINE, OFAEL RECYAERE, 0.7 ml £ L
MR A 0T Lic (n=10),

Bk, ~-3Y v ¥ 5w B ASK (Heparin Lithium Salt, Sigma Chemical Co.) CHEEOHS
0.01 ml) @il LicEHBELH, FXER? = 2 —F L0 T-70,
O ES S URE WRBRE OB LN = s = 3RO TRERNBR 5 v AF 2 — ¥ —
(MPU-0.5-290, HAN®R) L ohnrboEEy, OTAER7 v 7 (AP-601G, HANRE) Ll
et (WT-625G, HANEW) ZMGCEE Ui, OB & IBuE, B8 LR IIIRINE & o EpnE
R LI,
MEH s LU mENER £ pH (Ha), UK L OBIRMBESE (Pwo,, Pao,, mmHg), B#E&
(Cao,, ml/dl), £BEE&E: (Taco,, mM/l) 1, EBME pH B (G299A, Radiometer), HAHEM (E5047-0,
Radiometer), LR HEEH (E5037-0, Radiometer), Blood gas monitor (PHM73, Radiometer) ¥s L 088
BKiE (25.0°Cy 1wt - 7= Blood micro system (BMS3 Mk2, Radiometer) % Fiv CillsE Uiz, Cao, & Ta
co, DIMEE, FhFh TUucker (1967) & CAMERON (1971) OFIEILHE » 7oo BIIRIMOEELFIE (Sao,,
%) CLEMR M ORRSRE I & ERIEI AL S, IMEIRESIE (Paco,, mmHg) (%, Henderson-Hasselbalch
DR L DEB Ui, ~% 2 e &Vl (Hba, g/dl), vy a4 v RIE (Ca¥, mEq/l) 1k, Thth
FraTreE vk -2 vV AT RS vavy T Ly y v (DRI-CHEM SYSTEM 5500, @k 4 5
AN AT RYCHE Lo PV O A4 AV, DYV O A4V, 70T 4 K4 v EE Nat, K+, Cl-,
mEq/l) ¥3, A A VEREREE (DRI-CHEM SYSTEM 800, #4474 H A v AT &) CHE LI, <7
Fy aq A wBE Mg2t, mEq/) (Lw 2% v v a B-F A b CHOGHIEETH) %, ABEE (LA, me/d)
ih, Fx 39— LA (B2 5 4 22) &8y, 5KEE (Spectronic 20A, Shimadzu) CE Lic. 7
Fray v, /A7 Frr) vEE (NOR, ADR, nM/)) X, WoopwarDp (1982) & Funra ef al. (1992) ©
FE—8 A WHE L HPLC-ECD #BCaH#H L. WHMEER L L T 3,4-Dihydroxybenzylamine
hydrobromide (DHBA, Sigma Chemical Co.) #filvvic, 7 VLU v, 2 A7 Ny Y v, DHBA 04
iy, v—®2 v ba -3~ (TSK-CO-8020, Tosoh. Co.) io X » 40°C 1ot »foitlih 7 A (TSK-Gel
ODS 80TS, Tosoh. Co.) & v, WEALFHEE (TSK-EC-8020, Tosoh, Co.) OMHMEEL 700 mV
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Table 1. Cardiovascular respiratory
parameters (0h) and blood
properties (1 h) of carp after

AU, FNEHE ORRER OB~ TS operation.
Mo prtEd, R L8R 2 OB REMO e 3 Mean SD
EOMECZHO t EY AT,
HR (beats/min) 67 + 15.3
& L::3 BPS (mmHg) 26.7 £ 2.3
BPD (mmHg) 22.0 £+ 1.7

AR T 2 A 1, JRBRIC B LT A 5 Hha (o yenoy/min) - 48 = 2.2
5 CHL N BIEIEY 1k Lic, PR~ D P = . Pao, (mmHg) 0.4 = 10.9
V= BAD BIPREICIAT B ¥ CICHE LIk Sao. f;l)/cﬂ) ae s M
MIAG205, = A DT R B L CHERS LIt 5 % oH 7565 & 0.080
TR L0 Ch T, D 2ab -y I’I;acoz (mMI{II) 9.1 £ 0.6

9+ 1.5

CEBOME, L RS L0 RIEONE e (N R

Pk Table 1. iR Lz, ADR (nM/}) 4.3 = 2.9
+ -

LA (% IR 80me/dl R Licat, Ghl 32 (e Pror s
ek | B oM/ 2% CEBET L, 2485 Cl- (mEq/) 106 + 3.5
WeCri 5mg/dl M3ECRE L (Fig. 1A, 55‘;;;. ﬁ(ﬁl{% o 08

Pao,, Cao, (112WHH % CH 2 1S Licnd, Sao, LA (mg/d) 7.4+ 15.1
ik, 18RI T0 I & CIETF L7z (Fig. 1A, B,

Table 2. Comparison of cardiovascular respiratory parameters
in carp at 24 h after operation with the first and
repeated samplings of the arterial blood in carp.

Exp. 1# Exp. 29
Mean SD Mean SD

Hba (g/dl) 7.7 = 0.3 8.0 £ 0.9

Pao, (mmHg) 32.7 = 2.2 30.1 + 4.8

Cao, (ml/dDh 7.3 %+ 0.7 7.1 %+ 0.7

Sao, (%) 67.3 =+ 6.2 63.3 = 8.7

pHa 7.770 %= 0.020 7.770 = 0.042

Taco, (mM/l) 1.9 =+ 0.8 9.9 =+ 2.17

Paco, (mmHg) 4.7 £ 0.4 3.9 =+ 0.8

NOR (nM/]) 2.2 *= 1.2 .5 £ 0.8

ADR (nM/1) 1.2 £+ 0.4 1.3 %= 0.4

Nat (mEq/l) 131 = 2.6 130 « 8.7

K* (mEq/l) 3.0 = 0.2 33 £ 0.6

Cl- (mEq/]) 112 = 4.1 107 += 9.3

Ca?* (mEq/l) 4.4 =+ 0.2 4.9 =+ 1.2

Mg?* (mEq/1) 2.3 = 0.4 1.8 £ (.2%

LA (mg/dl) 4.9 ® 1.4 10.1 = 4.6%9

HR (beats/min) 28 = 5.0 30 % 6.5

BPS (mmHg) 29 £ 2.6 26 % 3.0

BPD (mmHg) 21 + 2.8 15 & 1.8%

VF (frequency/min) 14 =+ 8 12 &+ 3.4

TL (mm) 383 =+ 57 360 = 13

BL (mm) 310 = 23 300 £ 11

BW (g) 552 + 110 562 & 52

19 =+ 4 21 % 2

a) Exp. 1: the parameters at 24 h

sampling.

after operation with repeated

b) Exp. 2: the parameters at 24 h after operation with the first

sampling.

¢ ) Statistically significant at asterisks p<0.01 from Exp. 1.
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Fig. 1. The effects of anaesthesia and cannulation on aortic blood properties (A) ox-
ygen saturation (Sao,, open circles), lactic acid concentration (LA, solid circles)
and pH (pHa, solid triangles), and (B) haemoglobin concentration (Hba, open
circles), oxygen contents (Cao,, solid circles) and oxygen partial pressure (Pao,,
solid triangles). Values shown are means:=SD. Asterisks indicate a statically
significant variation (p<0.05).

pHa 13 1 MBI 7. 574 7R Lo’ 6 BRMERICIT. 82~ L8 L, 2T pH 7.77 ¢4%E Lic (Fig. 1A),
Hba it 11 g/dl 23R L, Fo# Hba (L18ERMH & CHEET Lic (Fig. 1B), NOR, ADR 1, 18
8 2~3nM/l 1B F CRAEET L (Fig. 2., Taco, v 1 BHHEICH 9 mM/1 iR Lz, HRa
R UCI2B MBI 12mM/1 &b, DB 12 mM/] BEECHER Lo (Fig. 3., Paco. 13 1 BflE# o
6 mmHg 7% 6 Bifii#ho> 3.6 mmHg F C—Hanc ST L, 18RI 4 mmHg ¥ CLAEH, 248FHE
Brdzse Uiz (Fig. 3.). VF (1 0 BEHI B 048/ 505 6 BFIEC 19/ 4, X S 12126/ 48
BECHER Lo (Fig. 3.), K* WLHfE 120 ¢ 3.5 mEq/1 I F L, Cl- e1#ifk 6 K¢ 110 mEq/l w ¥ ¢
B LA Uic (Fig. 4A.), Ca?* (12484 ¢ ¢, Mg?+ (2120508 % O+ w{EF Ui 1o (Fig. 4B.),
HR 3 1 B & ¢, BPD (324B5E1E ¥ C&5%E Linh » 7o (Fig. 5.)

1 D=4 LA, BPD i3, ER20 =4 X h $FHCMKL, Mg? BB 20 =1 L h bFEE-
flizes® L1e (Table 2., MEHRIL, #» = a— b~ 5 v 24RHED LA, BPD, Mg?t LA O#FF 4 —
g —~, FEREEYE LFESD 1,
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Fig. 2. The effects of anaesthesia and cannulation on plasma
noradrenaline (NOR, open circles) and adrenaline (ADR, solid
circles). Values shown are means£SD. Asterisks indicate a
statistically significant variation (p<0.05).
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Fig. 3. The effects of anaesthesia and cannulation on ventilation frequency (VF, open
circles), total carbon dioxide (Taco, solid circles) and carbon dioxide partial
pressure (Paco, solid triangles). Values shown are means=SD. Asterisks in-
dicate a statistically significant variation (p<0.05).

Z %"

ARRERC e = A DR AR § 5 CHe i IR 2 1R L ork, pK O MS222 BREHK
(WEDEMEYER, 1970) %, [RERKFE b U & 4Ol LicicdRREREA B 5 R S hiciod Th
75 (OHR, 1976; SmrT and HATTINGH, 1979; SMIT ef al., 1979), MS222 BB F D = o= A DK R
BT 578 (IWwaMA ef al., 1987), BIIRIMEESEDFE & BhIRM pH WUEF, BHIRm—B{bRES L LA L
(Sowvio ef al., 1977, IwaMA et al., 1989), M-hFLIRIRE M5 (BLack and CONNOR, 1964; Sowvio ef
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Fig. 4. The effects of anaesthesia and cannulation on plasma electrolytes {A) Na*
(open circles), Cl- (solid circles) and K* (solid triangles), (B) Ca?* (open
circles) and Mg®* (solid circles). Values shown are means®SD. Asterisks in-
dicate a statistically significant variation (p<0.05).

al., 1977) & EDHIBITH D, REBE = 418, BB & 5 BESHEIE ko & BT & CHliK
2L TRST, #7o18HEE & Comb BRI AERCE VDT, =2~ AE, KB - PRI
LT - Tl DRI TR Qe b Ea bh b, Lichi»C, FHilGo = ¢ Bk, wREM: &R
B LAY ERT v Vv ADRBICH 1ot LB h B,

N2 oo b= g VIAERITS B LIS ¥ T Pao, Ca0, 3 L8 Sao, ik, 24BHIEGEOME L v b
Bl AR L C\ e, BIIRMOBRRA R 18IS £ T Hba & oifk L, FRIMEROBFEBMIL 6 ~
1205t pHa o =5 Gt Bohr %3 ek RS hCwicd F2 b b, i, MO 5 2 —
T3 VRENSEATS L, FMIROBHBFNSRKT HEARE SR VB O T (NIKINMAL, 1983;
NigiNMAA and JENSEN, 1986; BAROIN ef al., 1984; BORGESE ef al., 1986; Nikinmaa and Turrs, 1989;
PERRY and REID, 1992; THOMAS and PERRY, 1992), ARt Ui = 1 ORISR O R MR OIS
ek, 18RRI F COBEED NOR & ADR ik ok LT hELbhb, chbOI Enb, J
WeF o = A PIRMIL, ~% 270 & VEE, 27 a-07 3 vRE, BN pH o LA X b, mgEo
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Fig. 5. The effects of anaesthesia and cannulation on dorsal aortic systolic blood
pressure (BPS, open circles), diastolic blood pressure (BPD, solid circles) and
heart rate (HR, solid triangles). Values shown are means::SD. Asterisks in-
dicate a statistically significant variation (p<0.05).

BISERE L A LS8, BEROME LT » T el Ui,

Irazawa and TAKEDA (1978) (X, BREMD = 4 P A Min & BB 4T 5 EME L5, KHE
BBt Lic = 1 1cde - C, JEEE - 247 1 B4 Paco, ZVEIRICE- O, HEEFRERCER L8
{LIRHE & S & » T Uh LR BN IR S <, 24 2NERER AT - T Ch, Filifk 1 T
EBERES T SR T s e 2 ERR LT D, 6 IO Paco, H—RHCHERCET
Licois, SARRIE X b “EM{ERFEOBHHNEHCThh o BiciBET 5, chboo &b, HEF
it o> R HEA FE O EH I BIPIR A # I B H 2 » CO AR S his,

Nat (R4S CHRE LT &b, HII/EOEMEE L URLEBEHFETSH > Y v A
A VOB, W= o b— v g VICE » CHERICERT 5@ E OBy R BRI B2 LT T,
K+, Cl-, Ca?t, Mg (AR L, #ic K+, Mgt ds L OF Cl- o%fhg, MS222 BEMED = o
=) K+, Mg?*, Cl~ oZ B (WEDEMEYER, 1970; HousTon ef al., 1971; Sowvio et al., 1977) &3
Lice fRNMHED A b vARRC RS B MEiRo Kt o Efuk, ATP KD Y 0 £ F ¢ F A% R LTE]
o XhTie b (WEISS of al., 1989), WIFLEC, Lo ATP #RE$5 &, ATP KD Y ¥
A R ABBRE, HENO K A~ S h b EE 2 BhCe5 (FINDLAY ef al., 1989; STREEBY
and MCKEAN, 1994), ThBDZ &h b, AFEHICE VT K 2RI B & O 2 57F U 18RHHE
ICERELIeDE, S Y I aF o 3 ARREOWMELBE L, MEPNCH VY a4y RIR VA ENIHTH
A5, Cl ik, FRIMBRASADEA 4 v 35 v A% foid, FRMEREMFEOMEBETAH (754 P
7 b)) HMEIBRT WS (CAMERON, 1978; CLAIBORNE and HEISLER, 1984; HEISLER, 1984; RANDALL and
DAXBOECK, 1984; Fucus and ALBERS, 1988; TUFTS ef al., 1988), 12K Cl- 24E Licoik,
B - PRI X 0415 M Clm OFRMILA OB PEALTNE Sh, RLERAANOIER k1 o+
VAT AR LD TH D LR AR, MEho Mg?t & Ca¥t DifHIc iR« fEF Lic, Mg?*
BHECHRCE A hich L HE S h AL, Catt OFEEc > TIRECH %,

FREER AT RERR M o IR &R A B, PHEE O LHERHRK L O e E L b, 1§
BAT 2 -7 3 vBERmEho Ca?t o LA, QEAEOEIMESE R OBy JUETHr e X
#Tv% (FARRELL, 1984; FARRELL ef al., 1986; AXELSSON, 1988), X - C, FRBLFMifc il s
RIWEH 72— 7 3 vE Catt 2, OB SEERBERECTHY, Zhick» T k5%
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FMRa A L, BEROBNLREL TG LHEE SR,

R 1 D=1 LA BPD i3, F2o =4 X0 dABCEL, Mg?" ¥R 20 =1 X o L EHEL
AR LI &b, HEERREO = 12590 1 © X 5l CHERME T 5 &, Mg+, LA, BPD ~
BRI Y25 2 LoV Ui, BEHRIMOEBE T D - Ch, MG & WEMIAERCEER
Ligdr-1eDC, $in < &b RS4RI THE, =21 OFBRBEREET B2 5%, LT
SEFR SR A WEHE OFRAEEE, =21 5T, FHcL2b0THD, KBE FilioKy
PAHSHT B Ok, WIRIEIRBE S L O MR O B REHE AR B L I - a8 Th 5 & hul,
REG o m A DEE, B2 o b g VB8 L2UARBMEET D L RIGRABC T B LR A h B,

51 B x #

AXELSSON, M. 1988, The importance of nervous and houmoral mechanisms in the control of cardiac per-
formance in the Atlantic cod Gadus morhua at rest and during non-exhaustive exercise. J. Exp.
Biol. 137 287-303.

Barom, A., Garcia-RoMEy, F., LaMarrg, T. and Motals, R. 1984, A transient sodium-hydrogen ex-
change system induced by cathecholamines in erythrocytes of rainbow trout, Salmo gairdneri. J.
Physiol. 356: 21-31.

Brack, E. C. and CoNNOR, A. R. 1964, Effects of MS222 on glycogen and lactate levels in rainbow trout
(Salmo guairdneri). J. Fish. Res. Bd. Canada. 21(6); 1539-1542.

Boreese, F., Garcia-Romeu, F. and Morars, R. 1986, Catecholamine-induced transport systems in
erythrocytes. J. gen. Physiol. 87, 551-566.

CamMERON, J. N. 1971, Rapid method for determination of total carbon dioxide in small blood samples. J.
Appl. Physiol. 31(4): 632634,

CaMERON, J. N. 1978, Chloride shift in fish blood. J. Exp. Zool 206: 285~295.

CLAIBORNE, J. B. and HEISLER, N, 1984, Acid-base regulation and ion transfers in the carp (Cyprinus car-
pio) during and after exposure to environmental hypercapnia. J. Exp. Biol 108: 25-43.

FaRReLL, A. P. 1984, A review of cardiac performance in teleost heart: intrinsic and humoral regula-
tion. Can. J. Zool. 62: 523~536.

FARRELL, A. P., MACLEOD, K. R. and CHANCEY, B. 1986, Intrinsic mechanical properties of the perfused
rainbow trout heart and the effects of catecholamines and extracellular calcium under control and
acidotic conditions. J. Exp. Biol. 125: 319-345. '

Fvpray, 1., DErouBAIX, E., GUIRAUDOU, P. and CoRABOEUF, E. 1989, Effects of activation of ATP-sen-
sitive K+ channels in mammalian ventricular myocytes. Am. J. Physiol. 257: H1551-H1559. _

Fucus, D. A. and ALBERS, C. 1988, Effects of adrenaline and blood gas conditions on red cell volume
and intra-erythrocytic electrolytes in the carp, Cyprinus carpio. J. Exp. Biol. 137: 457-477.

Fujrra, M., Nisuisor:, M. and YAMAMOTO, S. 1992, Changes in plasma catecholamine, free fatty acid,
and glucose concentrations, and plasma monoamine oxidase activity before and after feeding in lay-
ing hens. Poultry Science. 71: 1067-1072.

HeIsLER, N. 1984, Acid-base regulation in fishes. Fish Physiology. vol. X A (ed. Hoar, W.S. and Ran-
DALL, D.J.) pp. 315-410. New York: Academic Press.

Houston, A. H., MADDEN, J. A., Woops, R.J. and Mies, H. M. 1971, Some physiological effects of
handling and tricaine methanesulphonate anesthetization upon the brook trout, Salvelinus fontinalis.
J. Fish. Res. Bd. Canada. 28: 625-533.

Itazawa, Y, and TAKEDA, T. 1978, Gas exchange in the carp gills in normoxic and hypoxic conditions.
Respiration Physiology. 35: 263-269.

Iwama, G. K., BOUTILIER, R. G., HEmING, T. A., RanpaLL, D. J. and MAzeaUD, M. 1987, The effects of
altering gill water flow on gas transfer in rainbow trout. Can. J. Zool. 65: 2466-2470.



347§‘kﬁﬂliﬂﬁ?1:11/-*/gy 147

Iwama, G. K., MCGEER, J. C. and PawLuk, M. P. 1989, The effects of five fish anaesthetics on acid-
base balance, hematocrit, blood gases, cortizol, and adrenaline in rainbow trout. Can. J. Zool 67:
2065-2073.

NixiNMaa, M. 1983, Adrenergic regulation of haemoglobin oxygen affinity in rainbow trout red cells. J.
Comp. Physiol. B. 162: 67-72.

NikiNMas, M. and JENSEN, F. B. 1986, Blood oxygen transport and acid-base status of stressed trout
(Salmo gairdneri): pre- and postbranchial values in winter fish. Comp. Biochem. Physiol. 84A: 391~
396.

NikiNMaa, M. and Turrs, B. L. 1989, Regulation of acid and ion transfer across the membrane of
nucleated erythrocytes. Can. J. Zool. 67: 3039-3045.

NigMINEN, M., LAITINEN, M. and PASANEN, P. 1982, Effects of anaesthesia with tricaine (MS222) on the
blood composition of the splake (Salvelinus fonlinalis x Salvelinus namaycush). Comp. Biochem.
Physiol. 73C: 271-276.

Our, E. A. 19768, Tricaine methanesulfonate — 1. pH and its effects on anaesthetic potency. Comp.
Biochem. Physiol. 54C: 13~17.

PERrRrY, S. F. and R, S. 1992, Relationship between blood O, content and catecholamine levels during
hypoxia in rainbow trout and American eel. Am. J. Physiol. 263: R240~R249.

RANDALL, D. J. 1962, Effect of an anaesthetic on the heart and respiration of teleost fish. Nature. 195:
506.

RanpaLL, D.J. and Daxsorck, C. 1984, Oxygen and carbon dioxide transfer across fish gills. Fish
Physiology. vol. X A (ed. Hoar, W.S. and Ranparr, D.J.) , pp. 263-314. New York: Academic
Press.

Smrt, G. L., and Harriney, J. 1979, Anaesthetic potency of MS222 and neutralized MS222 as studied
in three freshwater fish species. Comp. Biochem. Physiol. 62C: 237-241.

Smrt, G.L., Harrinel, J. and BURGER, A.P. 1979, Haematological assessment of the anaesthetic
MS222 in natural and neutralized from in three freshwater fish species: interspecies differences. J.
Fish. Biol. 15: 633-643.

Sowvio, A., NysoLM, K. and HunTi, M. 1977, Effects of anaesthesia with M8222, neutralized MS222
and benzocaine on the blood constituents of rainbow trout, Salmo gairdneri. J. Fish. Biol. 10: 91—
101

STREEBY, R. D. and MckEaN, T. A. 1994, The effect of ATP-sensitive potassium channel modulation on
heart rate in isolated muskrat and guinea pig heart. J. Exp. Biol. 197: 101-118.

Tuomas, S. and PERRY, S. F. 1992, Control and consequence of adrenergic activation of red blood cell
Na*/H* exchange on blood oxygen and carbon dioxide transport in fish. J. Exp. Zool 263: 160~
175.

TUCKER, V. A. 1967, Method for oxygen content and dissociation curves on microliter blood samples. J.
Appl. Physiol. 23(3): 410-414.

Turrs, B. L., FERGUSON, R. A. and BouTILIER, R. G. 1988, In vive and in vitro effects of adrenergic
stimulation on chloride/bicarbonate exchange in rainbow trout erythrocytes. J. Exp. Biol. 140: 301~
312.

WEDEMEYER, G. 1970, Stress of anaesthesia with MS222 and benzocaine in rainbow trout (Salmo gaird-
neri). J. Fish. Res. Bd. Canada. 27: 909-914,

Weiss, J. N., Scorr, T.L. and KenngTH, 1. S. 1989, Cellular K+ loss and anion efflux during myocar-
dial ischemia and metabolic inhibition. Am. J. Physiol. 256: H1165-1175.

WoopwARD, J. J. 1982, Plasma catecholamines in resting rainbow trout, Salmo gaivdneri Richardson, by
high pressure liquid chromatography. /. Fish. Biol 21: 429-432.



148 FHOE -

Blood Properties and Cardiovascular Function after the
Cannulation into the Dorsal Aorta in Carp,
Cyprinus carpio
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After anesthetization with MS222 (ethyl m—aminobenzoate methanesulfonate) and can-
nulation into the dorsal aorta of carp, blood lactate levels decreased from 80 mg/dl to 5
mg/dl in 24 hours. Circulating catecholamines concentrations and haemoglobin concentra-
tion showed the highest values (4-9 nM/] catecholamines and 11-12 g/dl haemoglobin) at
one hour after cannulation and then decreased gradually to the constant values (about 3
nM/1 catecholamines and 8§ g/dl haemoglobin) until 24 hours after cannulation. Acidosis oc-
curred from one hour after cannulation and subsided at 6 hour after cannulation. Blood pH,
however, was significantly higher from 6 to 12 hours after cannulation and was unstable un-
til 18 hours after cannulation. The above changes in the circulating catecholamines concen-
tration, the haemoglobin concentration, and the blood pH contributed to clear the oxygen
debt due to MS222 anesthesia and cannulation into the dorsal aorta. The cardiovascular
parameters and the blood properties of carp appear to recover to normal from sequels of the
operation in 18 to 24 hours after cannulation.

Key words: blood properties, cannulation, cardiovascular function, Cyprinus carpio,
MS222





