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Time-course Response of the Heart Function in Flounder Paralichthys
olivaceus to CO,

Kyoung-Seon Lee*

Department of Environmental Engineering and Biotechnology, Mokpo National Maritime University, Mokpo 530-729, Korea

Cardiorespiratory variables were measured in flounder Paralicthys olivaceus exposed to acidified seawater equilibrat-
ed with a gas mixture containing 5% CO, gas for 72 h at 20C.. It was found that CO, produced a significant increase
in arterial PCO, (PaCO,) and significant decreases in arterial pH (pHa). CO, transiently increased heart rate within
30 min of exposure. After cardiac output was elevated by the increase in heart rate within 30 min, was then reduced
by the decrease in both stroke volume and heart rate. The heart responses of flounder differ from those of yellowtail
to high CO, environment.

Key words: Flounder, CO,, Heart function, Cardiac output

N 2 of A A g i uf ko] FFH S WD
HES a7}t
FelgH 7t 715 338ke| ¢ 3] (Intergovernmental  Panel on CO, = A E=A nR aE Uetlin, a0, 25

Climate Change, IPCC)®] 20079 i1 xofl oJsh A-gat &l saket 22 229l Y3-S v]d 4= Qlk(Post, 1979).
712 A 10017 0.5-1C S7etion, @Al 42 K sa= CO, S7toll &gk 0172 §hg-of tfal A= Ishimatsu et
2 CO7F 571eheba &5 10097t A 75 7] -8 1.4-58°C al. (2004, 2008)°] <Jste] 2 Ae|=lof 9t iEEe] CO,
THA S7FE AC 2 o ifshal ot ARl A= 71 e ReE 2ol & (Paralicthys olivaceusy= EHO| pH7} 3%
Fokg Foto] AR o7 | = 7| Sk oot 9 H ofl Atetolil(Hayashi et al., 2004), ol 47ls &

o BEULS ARSAT, REYAE Asiol CO, U5 Aol WA vheitrh(Lee et al, 2003). olefet 2z e
BRE Wel] Uo 2] RS 2 9or], COE  qe CO, Bl Poluhs olfo] Tt Uelo@ 471

dieFo g & 2g 4= Q1= CCS (Carbon capture & storage) 5 o] BHo] 293t J8 sl= Aoz 2|25} th(Ishimatsu
o] A7 RRS 25k Qe CCSH A2 H8lE of7|5h= et al., 2004, 2008). 2= A A4 Q] o]R & 5940 & 1ol
CO,°f tf7|Hf -4 AI8H7] flste] ti+F 2 CO, 3H4l el (Seriola quinqueradiata)}+= 273 o] thst W=7} T2t |
A& AHgSh= HA AU T oA d71 502 wil&E= CO, & 2] 9] A2 in vitro 27104 CO,0l &fsto] &7 e/ daHg-
1A 2ste] 43} CO,= Wh= th, CO, S5~ 58 o] F-3att (negative inotropic effect)o] UElLF= A1 0 & W 1E]|o] gl o1}
%1 2,000 m o]/l Alaflof Adutoli} mo) iz 52 o835} Q1 (Gesser and Poupa, 1983; Hoglund and Gesser, 1987), in vivo
AHOE Aol 7w, 5 D7|HoRE AV &S Z710 A 2] A= SR1E Ao ik, whaba] & AtoA= 1L
0]l A2 5 U2 4= Q= 7P FAA ijte® & COgHE ol A |2 9] 417]52 in vivo 10| A SA]8f Hoke
AL k(Yoo et al., 2007; Kim, 2009). CCS&| A& S flallAl= o, o] & F5to] 2 CO, 2ol A 2] | & FA ¢lof thsiA] A
A el dtol digh Al g AE7F A=A glow, A B3 B} s

2] A7 CO,7F ol e ol ofaff s A 7| = =2 ¢
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AABEE AREE GA= QT oAl A st
FRPUFFZ) Yol 2008 25232 ARl 3 A
Fon, 2= &4 Fole AARE wol 3R] §gtth A
B3 J 2] 9] A FE 657 £48 g (N=9)S Lrehi it

A% Lee et al. (2003), Hayashi et al. (2004)2] A3 %27 9
splol] we} Al At g 0 ml, 7hee] et TRl 2t Y|
50 mg/L] 7} ol o]0 2 Fis] k217 o] W7k
7h Rt Sedsfoll A T vh AR 58S st A
BEE 24517] $15to] o ulo] ek A aperture
size 2.0-2.4 mm, type ES, Iowa Doppler Product, USA)& %
Hstglon], 854 0 BANAS Slstol v]-Fule] At
A8 Za] o2 dEH(90.58 X 0.965 mm, Becton Dickinson
& Co., USAYE 22513tk Fig. 1). 0] T4 Al 58
Aol A 48 h F9F F23] BAFARR F 5% F=0] CO, = &
71 oA =EAES AASHITE CO= 7HAEd A
(MB2C, Koflock, Japan)E ©|-83to] t&57]¢k CO, 5 5%
w7} B =2 S3FA|A header tanko]] 7| HEE 51910
Header tank®] CO, 9| 5= H3H= pHE S43}o] (P4 oz
FRlet= e ARESHTE s8] pHE 8.1540.0590 4]
5%-CO, B3k 27] 2 30 min ©|Wef 6.27+0.042 7HA
o5 A A FAI = ek

2131717t <, E(blood pressure)> d 2|2 kol 4+
3t AR E9 =48 transducer (DPT-6003, Kawasumi
Laboratories, Japan)°]| ¢143}1, AHr&T(cardiac output)

of Ay
A
ol

>~ ol
4 =

Berbus

o,
2o

Doppler flowmeter (545C-4, Bioengineering, USA)°| 14
3t 5, Z+2+2] A1 % += PowerLap Multi system (PowerLab/8sp,
ADInstruments, USAy& A4 HAEA T2 HiFE ol 7] =35}
ek, AuEage] 7|20 2iE, Ak (heart ratc) 3 U5
(stroke volume)Z +3om, Hutp= EQl7| 5t Hlwsto]
A2 Aolgle] gl A& gelskgich HAS 9fste] CO,
% A 230 AA GAS A, A5t 20 h)Sf &7
A& ARSI CO, % 7HA] 50,5, 1,3, 8, 24, 48, 72 he)
AR o2 242 Fich. A | pHe GH7EARAA A
=l(Blood Gas meter, Cameron Instrument Company, USA)=-
AHgsto] ZA5k5l o, 4 CO, 5%+ Capni-Con5 (Cam-
eron Instrument Company, USA)S AR5 c) ] pH
(pHa)} B4 CO, SEZL 2 2E] 8 CO, ERHPaCO,) ¥
SRl &5 [(HCO3)pIE of o] AAkA]o] 2Jsto] 515
=3

PaCO,=TCO,/aCO, x (1+1077K)

[HCO, p=TCO,-4CO, X PaCO,

0C0O,=0.0869-0.0028 X t+4.6143X 107 X *-2.8889 x 107 X £

pK'=6.125-log(1+10"7)-0.0026 X (t-37)+0.00012 X (t-37)?
(t2%)

Aghe B+ 2EUAHSD)R 7)Y FAA R
“154 SPSS (version 22.0yE5 ARg-5ke] 0A17He] S4 ]2} CO,
=550 ZF S A& B|aLsl] §15}0], one-way ANOVARA
% 0] Dunnetts test ek, A7 Aolu AR 2
H S of dhsfiAl= SAA sHA] 2T

b o

Fig. 1. Photograph of flounder Paralichthys olivaceus showing position of the Doppler flow probe (DP) secured around the ventral aorta and

caudal aortic cannular (C).
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Zat Y g
5%-CO, 2ol k&4 JX|+= 8 h o] o] HAR} HHAgste],
24 holl 22.2%, 72 hell 77.8%2] FAFAE-S e et |
%) o] 12| #| A&-2 Hayashi et al. (2004)2] 2312t} WA Ue}
et 72 hollie &R |AI7F EAsHE e AR HAke
T Z4adh= o] Itk Table 1). & AAGLofl A= Y 2] ] n]i
SHol| Alyrerhe g 2tsto] A3t Hayashi et al. (2004)2] 7
A Ect o) bg o] Alah ek ofy eh B o g o eEabd
=& AEFste] o] 7HsE A7 AR E ] wizel
of gt AEY AL B ZE AR A E o AL ARt )
£ 929 HAke- WA UrEbstth 2 A7 fARE o] o]
Folxl ol 5 ti o= g AtolA] 1%-CO, #7272 h ©]
ol HIARE FashA] oF3kom(Lee et al., 2003), ®ol= HA]
Hr} CO,ol izt /gl oFst A o= ehe#] 91tk Hayashi et
al,, 2004). whepA] o]l ofsf Uehd 4 Qe AEH A7 A
712 Fet ANA Y HARgol= & IS A G2 AR
gkt
FA O] pHi= 8% CO, 5= 5ol whet -2l A #axsk¢ict
7t 8% FEAto| 20 FrFTtol SJsl A5str] AlZksto] 24
hoJjefl tj=+-9] =02 353513l thFig. 2). U= CO,
=% 30 mino]| tf 2R fof5kAl F7FsHATE Ak 2
sto] = 3 hetol| ti24 o2 3Esiglon, BHEwe
CO, 2ol o8 At st Ao AR FA A #9948
< QUSITE. oleiRt AF} AutEE vlE FoAQ Aol=
BRA] QRXAIRE AA A 2 2 Frbskglehrt sk kel 3l
ok dehe CO, kol 9Jste] thz-of vls AA5HA 5715t
o7t AIZE Zatol| whel At sk tj 2 o2 35S
= AE Bk
AHEEFS AEot i o2 A E T, AuET
ZHL ofFof wpet ] Uephdtt. of 7= 8 BhEtg Wt
=]

olsto] AlulEare 2 AsIA|L, Fhrieo|of o] Aluks 27}
ol Jaf AlukEers Z71A17] ol 9lrk(Nanba, 2002). &

gh, AlurERke] 242 3 Hste| ohet F olEAdo] 24 Y
QItH(Hoglund and Gesser, 1987). g 4]
9] CO,°fl o3t ARk AH4=0] Z7to]| o AlutEwrol ¢
AH g2 F7eh= Ao & Uehth g Aot fARHA Earof
%91 At o oi(Tinca tinca)t= 31 CO, T7g ol 4] ¥lW(tachy-
cardiayS % ¢JTHRandall and Shelton, 1963). 3HH T A oFe
0](Salmo salar)= pH 5.28] Aol A Adt=71 S71E] %l

L g o) ko] ofstol 41t sk} 9121 eBrodeur
etal., 1999). 7ol(Acipenser transmontanus)+= 20 mmHg
CO, ol &A% wiwo] Uepytal 4luksef 9l vk o]
2713t %=dl(Crocker et al., 2000), CO, ol &]sto] A74He] ¥
A4 ZH-8-(chronotropic effects) % 2 A ZF-8-(inotropic ef-
fects)o] FAloll FRIE| ekl Hokeh g, = et 22 =
7(5%-C0,, 20C)ollA rol= v-siFe] 7o o) vt
2po] o)A 0 & 7haskn] HlAtel] o] 22 tHLee et al., 2003).

ool QlojA] Alutapo] S7h= A =58 3 AR A
2k Zaol| o3t vlsiF s of7]s)y] wiiZell AurETS A
SA717] 9%t Wy o2 v|ag-2o|ckFarrell and Jones,
1992). Z12{1} CO, 0l 23t AFd 52 w4l H &= 571
7]1aL, of=ddlo] FH|E o] Autart F7sHHAl AHtET
9] 2715 e 4= qltk(Randall and Perry, 1992; Crocker et
al., 2000). 7 A3} 220 g20] Aba FFE F71EEd], CO,
BRI WAL g SA AuERe TR
2 4] AL B S $XI517] 915 480 Bolu, CO,
ol =3 5 gA9] FHE O ARAFSH(Pa0,) ) A4 ek
(Ca0,)& 22 115HE 10| ) QISlTh(u]E A,

550 QlolA £FA ABE ) 4542 okl she
Aoz d#HA Q1o H(Gesser and Poupa, 1983; H 1983; and
Gesser, 1987; Vandenberg et al., 1994), CO,°|| 9| 4H& 3
o 57-2] Akl &4 MY A-8S A 2XItK(Farrell and Jones,
1992). CO, 01| &fste] ALAIEW A O] pH7F F4s}al o] = 4
o) 2} 2ol ko] ekl s A1e] 50| 7
2~Fth(Gesser and Poupa, 1983). L A1} CO,2H ol &%
o7 A 5E das v AR UEA Hrk(Lee
ctal, 2003). §2]9] A% in viroz 7oA} S4 M4 2gol
el 24 9 (Gesser and Poupa, 1983; H 1983; and Gesser,
1987) in vivoZ ol A %= 34 T/ 2H-of] ofsto] Bkgio]
et Ao AzEo| Al L A7 woleh vloa Z1e.
& o AZh

T

2 wolo] AlNg I Th] Uehton], olag ANg-e
CO, 37304 Y71 2] 2H A2 ARl 0.7 HEI| = b
Aoz ek & 1o} BelstolCo,0l o3k Hlo] A}
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Table 1. Cumulative percent mortality of flounder Paralicthys olivaceus subjected to 5%-CO, environment at 20°C

. Elapsed time (h)
N Surgical apparatus Reference
3 8 24 48 72
6 Cannula 0% 17% 33% 100% Hayashi et al. (2004)
9 Cannula+ probe 0% 0% 22% 78% 78% Present study
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TaCo 5 (mM) PaCO (kPa) pHa

[HCO 37]p (mM)

Fig. 2. Time-dependent changes in arterial blood pH (pHa), PCO, (PaCO,), total CO, concentration (TaCO,), plasma bicarbonate concentra-
tion ([HCO, Ip), cardiac output (Q), heart rate (HR), stroke volume (SV) and arterial blood pressure (BP) in flounder Paralicthys olivaceus
subjected to 5%-CO, environment. Triangles (A ) represent data from 5% CO,. Open symbols (A) indicate significant differences from 0 h
values (P<0.05; Dunnett’s test). Down-triangles indicate that N was decreased due to mortality, to which no statistical comparison was ap-
plied. Means+SD.
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2 Zol 4] Lol kg Sol thalA] 2Abste] CO e
A Lpebe 5= Gl g 2] el A uhgol it FFH AEt
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