3F=A] 49(1), 045-052, 2016 Korean J Fish Aquat Sci 49(1),045-052,2016

XArtAof =& F YX|(Paralichthys olivaceus)2l
SESHAIR} oHo| sIEtH 3}

Changes in Respiratory Metabolism and Blood Chemistry of
Olive Flounder Paralichthys olivaceus Exposed to Hypoxia

Ji-Do Han and Heung-Yun Kim'*

Danyang Danuri Center, Danyang 27011, Korea
'Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

This experiment investigated changes in metabolic rate (MO,), critical oxygen saturation (S_, ), and blood chemistry
of olive flounder Paralichthys olivaceus exposed to progressive hypoxia and returned to normoxic water at 20°C. The
normoxic standard metabolic rate (SMR) and routine metabolic rate (RMR) were 69.5-83.9 and 70.2-156.4 mg O,
kg'h', respectively based on fish weight. S_, was 31.0% dissolved oxygen (DO) at 20°C. After returning the fish to
70% DO following exposure to hypoxia (20% DO), MO, increased two-fold compared to the normoxic SMR and
then decreased into the range of the RMR with time. Blood PO, and plasma lactate decreased significantly after ex-
posure to hypoxia (20% DO) and then increased as ambient oxygen saturation decreased. Cortisol levels increased
as ambient oxygen saturation decreased, but the levels decreased rapidly in the range of the normoxic control when
the fish were returned to ambient water with 70% DO. Plasma glucose levels increased when the fish were returned
to normoxic water after exposure to a progressively more hypoxic condition.

Key words: Olive flounder, Paralichthys olivaceus, Hypoxia, Respiratory metabolism, Blood chemistry

M B Areg, AMRE o 77} Hdi& e 2 F9 o tiilkes 9

1|3t RMR-2 SMRE 571k thAREEA] 049l random

% AAika(hypoxia)= F7]0] 23t 4252 AAiEsE7} activity7} 2251l AFe) o] thAle-2 3tch(Randall, 1982). A
100%< W2} §E4t4(DO) sfof| vated DO7F S22 A8l ko]l & of 70] SFYAREH(MO,) HEfEolle Ak

= @l (Noga, 1999), #7155 Sh= A Eo] Ak = St=7F S5 MO, 7t g axshe At e-g Aot A7
o o3| A=3t7] o2& DO HelE A sh= Hlika, DO} © ARSI} Yol H et MO, S SMR WA RMR 4
AY gl Ak 8-S 2Rkt AAkas S oA o=+ ©F AR AAZ A7} QJtKSteffensen, 2006). AbAZ A
Y&, A4 B Aol AshE|aL, Aqtaz AT A& E AV ARo] tiabs 242 AAka S of] ARl o 77t e
At Eo] SAEE T g o ofsf AAAFHA ElriMiller A|3}7] 9]} respiratory volume2 57|71 Z¥}o|#(Randall,
et al., 2002; Johansen et al., 2006). 1982), AAkA7}F A2t tARE-S SMR 0|82 1146} &

o} 7o thAke> A Aol wheb #EEhARE(stan- =0 o] AthxIEE PAAAESHE (critical oxygen
dard metabolic rate, SMR), -5t Al&(active metabolic rate, saturation, S_) Fi= UARFAESNP, O &2 UERHTHEFry,
AMR)Z} YAF T ARE(routine metabolic rate, RMR)&E 123t 1971; Schurmann and Steffensen, 1997; Richards, 2009). S_,
th SMRE 4], 4] ool oiRolA] ol Ha fA th  olsle] AAkao] B ol fi Akba o] Hof] mre Al
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o

24 a7t el e, S_ = ofF, 2, AV ol whek &
Ol& Kol zloz d#A Qlth(Jobling, 1982; Priede, 1985;
Schurmann and Steffensen, 1997; Maxime et al., 2000; Thuy
etal.,, 2010). A4kao] i of 7o) ] vhgofl= Ak 7
Zo w2 A o] 9l pH ko]l gk 4] 712}, AAkaso]] o
S3l0] MO, 2 Zol= 712, a0 AbAESIE7} A4 S50
2 35 2o A= Bk o3t fIElE Eole 714t
SHA| 2B Y A HEg-o] HE tH(Maxime et al., 2000; Hebert
and Steffensen, 2005; Richards, 2009).

A Ao AlaxdlEs Ao 8HEet o
AT Akl §YER= ol EHthMaxime et
al., 2000). 53|, 5 ttago=rF W Ap2 7| ol= A4
gk Holo] 23] Ut 5ol52 28 (specific
dynamic action, SDA) 2.2 015.9] Ak 4H| = G4 35] 5715t
CH(Peck et al., 2005; Fu et al., 2005). 422-0] 207C o|A}O.& AF
SHE 27| YA A9 DO= Hola+ 5 A4
A Q1 AAra7E DAL Rt AIEE S QA AL ok = (nor-
moxia)= 2= FAfo] ARt A 2HEE Q). whebA
HRAAQL A ikaxef A Abaxof| A normoxia® %= 2119
A g2 MO, ot Ae] e el Mk 9 S S S Avk= o
A AReHe 7| 24w 2 A oul7E )le oz Azt

Ak 2] ez of 7o WA, AE, A% B et
of njA= FEFE o, Fol, deol, i+ & wl7]7F 5 B2
T= ddez oefRl A7 3 E Ack(Richards, 2009).
FJAF 7EAbn| ) ofFtofl Tt ¢t & plaice Pleuronectes
platessa (Jobling, 1982; White and Fletcher, 1989), flounder
Platichthys flesus (Steffensen et al., 1982; Lennard and Hud-
dart, 1992; Soldatov, 1996), sole Solea solea (Van Den Thillart
et al., 1994; Dalla Via et al., 1994) ¥ turbot Scophthalmus
maximus (Maxime et al., 2000)°]| t3l] A A4 2o w2 o
AR A e 2] BE AR 9157} thee Harg o] Qi 514
B e e e e e A 1= R e s I B
Sl ko] 2 SEiAReLS | B A e o] HskE =A
Tk A= Zobi 7] oYk

2 A= =2 20T ollA] AAkAagH o l=EH H2]2] MO,
oS 5 W7kskaL, HZA Q1 A4kas Bl A 4k4ax0 A normoxia
= 3|5 A9 A A wkgat FosletA Maks utefstr] 9]
SR TS

-

Mz W 2

A0

Aol ARgE FAAF 2| (Paralichthys olivaceus)y= A%
9-34 cm (A, 382-478 )] 24 A7 AWAIE A st
F2ARAY o] ol 85kGITh AR Al 23}

—0 .
AL 207, 32-33 psuR FAIBIAT, AR AlTE g3

N\

A - 4

OIO{I
Mo

A0 9 mm)E FFFA AP 240 27 A%}
9k & A Bt 52, pH, DO % FE- S WA 7|(YSI
6920, US.A)E 2-32 7102 588 ZA519] 1, Aol
A% A 207 BAAZe,

MO, EHX|

[eNe)

MO, 24| 483} DO 244, 31 A5 552547]
(AIFR, automatic intermittent-flow respirometer)2 -4 % %1
CHFig. 1). AIFRZ PCoj| At AJ7E7]0f whet Ay o7} 4
85 5340 42 %0 |42 7] 0.2 WIsLEIA MO,
7huks 24 AR 5ol o) DO 42 ) Ak
=HMini Probe, Oxyguard, Denmark)°l|l 4 24 DO7} 4%
20] 1%2 Zu3h AE47](OXY-REG, Loligo Sys-
tems, Denmark)o]] %2l relay”7} N, regulatorol] ¢1724 % sole-
noid valve (SV, Burkert 6011, Germany)E 7§45t N7}, A
HEE2] 1% 0|5t Yol N, SV &3] L relay7} 5715
T Alofshs SVE Zof aeration| =% 5o 25 2H S
o, 2 AL (P-100)9F 2= 24 7| 2 4] 5] E| 9 W27
ERBEERL EXEEES BT

il

IQ
5a
&

Fig. 1. Schematic (not to scale) of apparatus used to measure oxy-

@h---ﬁ»

gen consumption and to maintain different oxygen levels in ol-
ive flounder Paralichthys olivaceus. Arrows indicate directions of
water flow. 1: PC for control and data storage, 2: DO meter and
solenoid valve (SV) relay, 3: pump relay, 4: DO meter and A/D
convertor, 5: oxygen probe and flow-through probe chamber, 6:
circulation pump of ambient water, 7: recirculation pump, 8: flush
pump, 9: respiratory chamber, 10: N, regulator, 11: SV of air and
N,, 12: disperser of air and N,



MO, &%

8421 emx35emXx 6.5 cm, 4.78 L)o| 35 <F 1/2 7}
F A& T Ao It E 8ol TS HEdste] =2 &
o

o
Qlct}. o]ofA] flush pump (FP)2} recirculation pump (RP)

£ 5 AASAT T &E4-2 AutoResp software (Loligo
Systems, Denmark)o]] EA4|=]o] 10828 7|2 AAEich
=, 387ke] 5527 5 FPo] 8] 657k 54| st 3
23] BASEE 51907, o]0l 4] FP 47 5 RPo| 93] 254
5 ALAHZE A2 wbing Ulel 91 s4-e] DOV 7

gl
18
1= pu—
SN The Aele] BHS SAE
A~

I

SIEE 1EE W

ZF717F W& E itk FPeF RPE] pumping rate= 4.5 L/min©]

AL, AIFRO| g7 =2 £of 2582200 Lo irt. 55 57

A 22-2.20+0.37T, GE32.1-32.6 psu, pHE= 7.8-8.10] 91 11,
A

MO, = t2] Al o= AhEE ]l
MOgFa-V, . W'

714 MO = 1X71 A5 kgd T AH(mg O, kg'h),
o= A1R0]7} 357} 43 DO (%)2] 1AI7E BHEA, V, = &
SA &4 (tubing EZFH)ol| A AF o] 9] -84 (mL/g)= ™ =2l
9] T, f= A2 HRollA wdtel4=2) a2shika-8-5)
T (mg O,L%")olth. W= 2&F540] 1 5 ofA| #H9 &
712 El4p 2 ghoh] 31 2 =}A]-&(Sartorius BP3100S) 0.1 g7t
A A& Aol o) AlF(kgyE UER AT
HZEUHARZ(SMR) ¥ LA THARZ(RMR)

B Lo A al=e] ARAESIE T} 85% DO oAl 24
(normoxia)of| 4] A MO,7} 33] o]AF uke H=E & 63]9]
MO, SAA (147 2R ZHgIAe SAA) Faghe
SMRZ, SMRE 57151 MO, H$1E RMR2 E&3}9ir}.

HEIHl MMA & Al MO, Scrit

Arkae] =EE |20 MO, ¥ls £3& mtotsly] glsted,
3fj5=2] AFAE SIS normoxia®l A 60%, ©]3 60% DOOJ A
10%%) 712 0 & U2 2 Ak4 27(50, 40 L 30% DO)e]| 2
ZF 1417 9 25-15% DOOA = 30-1087 MO,S &35+
o} S5 ARAR] Aakiel ez FAlolA 4% MO,
SMR o]tz = Aba 325k MO, 9| 3]7] 44 o] SMR
T WA= A0 Ak ST R FrEetr). HE A oflA]
3l @ A9 0 DO7F s 2w £ Q8 AR
< o 5& oy Sich
2248 MMA L HMANM normoxiadl =& Al
MO,

Normoxia®| A 3[4=2] DOE 50%, ©]3- 50% DO°|A 10%

4 2] ootz o} 47

W gA A 0 7 Uk AikA 27140 W 30% DO)ol| 2H2} 14]
7t 30%011 4 20% DOR 2 27104 = 3027 MO, & 574
3l TE oA dfl5=9] DOE 20%9| A 70%%, 70%%]| 4] nor-
moxia® 0] A ZH2} 1A]17F E9F MO, 2 2451t
st HAtA 2 HMANM normoxialll =& Al
Mol SistA S}

ne

A Akax@F A 4bAsof| A normoxia 710l 217 ke HA| &
N o] a5t ks AP ] 8l mEZAIF ol AFEE R(5
&, 150 )= t 25 223tsto] 3 870 = A = Sit. 7 A9
Trolli= Bt AlF 395 £43 g YA & Supel4] ~§-5to] 247k
A= fAsk =2 AT 77 AE 9 DOE nor-
moxia®l| A 50%, ©|& 50% DOoJA 10%%] HR Ao 2 th
AR 2740 9 30% DO)o| A 22+ 1A17E, 30%01 4 20%
B2 93 2ofA= 3081t =2 AT & FHS A5k 7
7 A5 270:= normoxial 4] 20% DO7HA|= 912t 54
B A2 AARA o] =EA7] T DOE 70% 2 70%9]| 4] nor-
moxia® = A [AIZF leE & A THE skt 2+t
L aeration®] 2J3]] DO7} 85% oA SR EEE 5¢ith Al
T-9] DO 2482 &3 o] DOXEA| A o] 4859t}

A& L sloH

i}

AT Aot o] eEAIY] S A7 o] i8] Alol= W
Foglo] 41l & S 50| Y&sHe R vz of =Y IHafo] = [u}
25 A3 EYO R 4145 R sto], 2o k2 U A
] thE oA of] weto] =R sFth 8] o] A<= lithium
heparinized syringeS AM&-Sto] H] R E T A Follg A Egt
SA| ZF Ao ARgSEGITE 8 A9 v AlARE F
o7} A2 7] (IDEXX VetStat, U.S.A.) 28] 7-0] Zo} 125
L AHs S = A g 7 N pH, AR H(PO,) H A3l
ZA(Na", K, Cl)& 245kt o129 &9l Eppendorf tube
ofl 221 Th& 5,000 rpmoll A 5B A4 Eelstol Wate 4
715} L} Plasma glucose= & N A 8}8HEA 7] (Fuji Dri-chem
3500s, Japan)= Z743}41tt. Plasma lactatet= enzymatic kit
(Sigma 13916 & Sigma diagnostics procedure)z THAIA| 7]
Fl A= 0] FB =5 340 nmof| 4] S sho] HekAda vjA g
3}t Plasma cortisol- cortisol ELISA kit (IBL RE52061,
Germany)2 A4 43}t

SAz

Ak 2 normoxiac] W% A MO, 9} @A 5}814] 24
A= one-way ANOVAE AlA|5Lo] B 7Ho] Zjo| & AA
SFQITE. o] HE] 95% ool Al Aol 7k Q1A S4A] 1F
o] thEH| I Zar (1984)7}F A AgH Wl ol 28] SPSS (ver-
sion 19.0) A 7|25 ©]-8-3te] Turkey testE A AISH3ATH
(P<0.05).
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2 I

HZEHARZ(SMR) ¥ LYAHARZ(RMR)
42 20Ol A A% 386-450 g WA SRl i) 22t

normoxia®l A} MO,E 5743 A= Fig. 29} ¢th. 557
AL F- A old 2 3AIZ A 12413 54k MO,= 555
% goll kel Aglof el 254 B9l 59 ol e
LEFARE QIsto] il BT MO, 7L o] Folle 2710 H]
&l Sa1 QP MO, 7 HE2 0 2 BZE Gl 422 20 T ol A
4] €] normoxic SMR- 7§ A 7] of| whE HAPLI=S] Zfo] 7}

o
N
K1

o
Olo{l
Mo

O,kg'h'] W ¢S HofF3lrk(Table 1).
AR Muta =& Al MO, 2F Scrit

Normoxia©| 4] 35=2] DO7} 40%= Hobxl A4ta 2719
=Z%H Z27]0= normoxic SMRe|| 23 8H= MO, & Ho|t}

Table 1. Normoxic SMR, RMR and critical oxygen saturation
(S,,,) of olive flounder Paralichthys olivaceus exposed to normoxic
and hypoxic water at 20C

Body weight _ Normoxic SMR ~ Normoxic RMR S

LERLE 69.5-83.9 mg O, kg 'h'0] 9137, RMR- 70.2-156.4 mL () (mg O,kg"h"") (DO, %)
450 69.5 (+2.0) 70.2-139.9 324
200 0 424 71.4 (2.3) 73.6-128.7 31.2
160 - . g 420 73.2 (¥2.2) 75.3-133.6 29.3
120 . ° K ¢ '; . ¢ o ° 403 741 (£1.2) 75.2-138.7 304
L o o0 ° we o o ° °
80 ::,::!1}!{{:%;;”33&%;&‘!A 386 83.9 (x0.9) 84.8-156.4 317
ol b Mean 74.4 - 31.0
W, e 4249
160 | .Mﬁ:, &
i . e o ° o
120 - e % N 4 o 180
L L " T3 o ® oo © 450 g
~ 80 @ % ¢ e ® o op° 160 |-
= Y .~ B %V oo Y
:Tz’ 40 I 1 1 1 1 1 ‘r 1 1 1 1 1 140 B “
= I ° 120 |
© 160} *‘”..". 4209 ° 8 RMRlo oD
£ L L/ o 100 - Normoxic SMR °
@ 120} . °e P /
E F .\S“. ° °o® ° L] ° .:‘0 a
£ w0 :Mﬂﬂﬂﬂgk‘i’;}?ﬁ&saﬁ&h& aaaaa
§ 40 1 1 1 1 1 1 1 1 1 1 .
- 403g ZC | "v=2374x" 7702 (*=0.842) /
160 - o o 0 L L L L L L L L L
1201 " . ° o' 0 10 20 30 40 50 60 70 80 90 100
L \ ° ° Q ® o ° E’
Bof * e 2 ) MT’!&M _ e
- T 180
40 1 1 1 1 1 1 1 1 1 1 g
L. 3860 g 1e0f 4209
1eor o 2 140} o :
120F ¢ . I . 2 .. . 120 |- : ‘o‘ )
L o o, o
sl r’fsﬁwﬁm:@‘?‘:\w&« 100 NomoxicSMR g ° o RWR &
I 1 1 1 1 1 1 1 1 1 1 : t
40 -

Fig. 2. Metabolic rate (MO,) data collected during 16-18 h pe-
riod and used to estimate the standard metabolic rate (SMR) and
routine metabolic rate (RMR) of the olive flounder Paralichthys
olivaceus at normoxic water and 20 C. The horizontal dotted lines
indicate SMR calculated as the mean of the six (equals 1 h) low-
est measurements following the elevated MO, by initial handling
stress. The arrows represent the point in time which MO, of the
fish were stabilized after the initial stress, and numeric values are
the flounder's body weight.

0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 5 60 70 80 90 100

Oxygen saturation (%)

Fig. 3. Examples of critical oxygen saturation (S_,) of the olive
flounder Paralichthys olivaceus exposed to stepwise hypoxic wa-
ter at 20°C. The total period taken for one determination of MO,
was 10 min. Data include SMR and RMR measurements in Fig. 3.
Numeric values are the flounder's body weight.



7} Al7ro] ZaFeprE SMRE 2 3}8h= gho] W5 STt 30%
DO°J|4]:= normoxic SMR ©[8}o] AL} H|S=3E tiARE o] 4]

AL, 30% o|stel A= DO7F Rold & MO, = AA|5H
st =2 20T oA AT 400 g A$-2] H2|= 8
2] DO7} #+4=3te] wel normoxic SMR o5t MO, 7} 74
S AR ESE(S Ve et 31.0% (29.3-32.4%) 2 H71E 9
CH(Fig. 33} Table 1).

Z4st MatA 2 HALNM normoxiadl == Al
MO,

Normoxia®]| A 50, 40, 30 & 20% DOo|| l=&A| 7] 3 AAkA
(20% DO)ell 4 70% DO2} normoxia& £ 414 MO, & 274
3 A3H= Fig, 49} 2t 81422 DO7}30% 2 Wolx e MO, =
A7) AR AL, 20%01 41+ normoxic SMR (74.5+£2.7
mg O, kg'h")oll ¥l 8l §-2]5}A] Zokeh(P<0.05). 34=2] DO}
20%N| A 70%%2 =0}AH normoxic SMR 2] 2H[jo] E5}= =
= MO, 7} 2= $1 A1, 0] % normoxia® 3] 55 270 A= Al
7ro] Zakste] whet MO = AL k= A3 HolF3lth
=48t MAA 2 KAAMA normoxialdil =& Al &
MOl StotA HHot

Normoxia®| 4] 50-20% DO 2 AAk4(20% DO)OA] 70%
DO} normoxia®] ‘=24 g2 FHe] pHE} PO,+= Fig. 52
2}, Normoxia©l A 50, 40 2 30% 0,9l =& Foj= do
pH7| Zadh= 73RS B AN normoxic control (T )}

180
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140 -

120 ad

100 Normoxic SMR g

8 :/ﬁﬁﬁé :;K%cii -

60
4
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—e— Return to normoxia
20 ---m--- Normoxic SMR

Metabolic rate (mg O, kg'h™)
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Oxygen saturation (%)

Fig. 4. Variations in metabolic rate (MO,) of the olive flounder
Paralichthys olivaceus exposed to stepwise hypoxic and normoxic
water at 20 C.. The MO, was measured for 1 h and 30 min in>30%
and 20% of oxygen saturation, respectively. The experiments were
separately performed with 3 olive flounders (420.3+7.4 g in body
weight). Each data point represents the mean+SD of MO, and
oxygen saturation. Different letters indicate significant differences
(P<0.05) between oxygen saturation.

4 2] ootz o} 49

Atol= ST PO, = HXA 1 Aika: ezt Ak a5 2
23819131, 314=2] DO7} 30%%} 20%¢] AAtAol kg AL
gjztol| Bl W& PO, 7} TR ATH(P<0.05). AHAkao]
Z 5 DO7} 70%<} normoxia® 3|EH A= o2t
Hol7t gil

2} sodiuma} potassium-S A4k 9 ] AL2x0f| A] normoxia
of leEH oM 272} 2fol= %Uk(Fig. 6). Chlo-
ridels A4kl 1nd Foli tl2T o} Ao] 7t fie oLt A4k
=2 3f5=¢] DO7} normoxia =0 & 2] 5E 27 oA=
ol chloride %% 7} 7+2:5HTHP<0.05).

G4 lactate= 50 9 20% DO2| AAibaof =2 Fofli= of
Zol| vlsf & s=7F SAE AL, A4k4(20% DO) =&
F 3l2] DOV} 70% 212 ZANAE 8 w7t 54
& 27} normoxiaol A= th2T S YEFH UHFig. 7).
G4 glucose= A4tao k& E= Fetol= B3t glglon
F2=2] DO7} 20%01 4] 70%2} normoxia® 3|E-% ZZAo| A
+ 2} Blaste] §ol6HA =2 s =rF Wi
cortisol2 normoxia®l| Al AAka Z o] AStELE x]&2 o0
2 Z7jehe BAS Uehf o, AAs w3 T Sj52) DT
70%2} normoxia® 3|25 F o] &= plasma cortisol©] 23] 7
3ol 2o AR 428 UeRR Itk Fig 7).

7.60
i —O— Graduated hypoxia
—@— Return to normoxia
L B Normoxic control
755
T L
S L
3 7.50 5
ko]
m : \\

7.45;- \§-——%\\%/,/’

7.40 i 1 1 1 1 1

120 -

100 -

Blood PO, (mmHg)
fes]
o
T
N\
l-Cl)-l o
1
\
\
\
\
\
\
1
\

40 |-

20 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100

Oxygen saturation (%)

Fig. 5. Changes in blood pH and partial oxygen pressure (PO,) of
the olive flounder Paralichthys olivaceus exposed to stepwise hy-
poxic and normoxic water at 20C. The blood was collected after
exposure for 1 h and 30 min in >30% and 20% of oxygen satu-
ration, respectively. Each data point represents the mean+SD of
measurements (n=5). Different letters indicate P<0.05.
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Fig. 6. Changes in blood electrolyte (Na*, K*and CI") of the olive
flounder Paralichthys olivaceus exposed to stepwise hypoxic and
normoxic water at 20C. The blood was collected after exposure
for 1 h and 30 min in >30% and 20% of oxygen saturation, re-
spectively. Each data point represents the mean+SD of electrolytes
(n=5). Different letters indicate P<0.05.

n o=

%9 DO AH-2 oA o] AEH AR 2-g-sto] o] 7 Y5}
A& HEE 2ol 8.9lo] = 4= 9l o (Herbert and Stef-
fensen, 2005), o1F= A4k oA EH]stAY 14 &5
A A g5S dAIske] HiAL | A] 481 A 7]= 5 o
oFsl 2 A Ag-2 H oltk(Poon et al., 2001).

AAka S g o= MO, 24 {3 o whet 4hazd
Ao} AbA-G AR gt Al AR = U4 §912] A4
a4 o ool A= Ak g Atere] et AlaE AFEI
ot 5ot s E N BrERES ST7HIA diAkE
< YA =AskAN, S_ olst= DO7F RolAH MO, 7t
HastHA ot 5ol lactateE S48k 714 A
7} R o]of ghato] A2l 4252] DO7} Wold
T2 MO,E A&7 02 7hashs JHE Hlrk(Steffensen,
2006). =& 20°C ol 4] normoxia®t 4 Q1 A ibaxof =¥
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Fig. 7. Changes in plasma lactate, glucose and cortisol of the olive
flounder Paralichthys olivaceus exposed to stepwise hypoxic and
normoxic water at 20C. The blood was collected after exposure
for 1 h and 30 min in >30% and 20% of oxygen saturation, respec-
tively. Each data point represents the mean+SD of measurements
(n=5). Different letters indicate P<0.05.
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AAba pFollA o F7E AW YRl EAl= 2%
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SHA| W3k 4= glom Al AbAaRE Afofl= S7] At AF gk
ofet 7| AR R E AAE o A] ARgo] FRIE 4= Q)
Chal 3kt Turbotoll A 2F o] 20% DOoY| leZH |39 &
2= lactate+= normoxic control (T Z71)ol B|| & A5}A =&

H(Fig. 71 BTN AR oluixe] AL 715 e
FEAoZ 223 4= Q171 91} 30-40% DO A= o272}
SARE 48 UEplo] ke 2AP} Mg A0 2 oj AR,

2220002 & 32 psuoll A S H F219] S_ = 31% DO
Ack sk 7EApe] 7o) S & A 2 13709k H4 S psu
A&l P flesusi= <20% DO (Tallgvist et al., 1999), 18]35~
2 14-18°C, ¥+ 34 psuollAl S. maximus= 20-30 mmHg=
W o]5 Aba 3l 2 kS oF 13-20% DO (Maxime et
al., 2000)°] it} o]of HI5}o] Steffensen et al. (1982)3} Jor-
gensen and Mustafa (1980)2 <=2 10°Col|lA] P flesus®] S_ =
Z+Z} 60-100 mmHg®} 55 mmHg=Z X 113}¢t}. Maxime et al.
(2000) oFH S_ S8 2]9] 2toli= MO, S (closed
respirometry, flow-through respirometry, intermittent-flow
respirometry)?} F7te] Zpo|2 ATy 1H ATt Stef-
fensen (1989)2 =455 MO, S0l A= HHE B = 355
g Al 9] Ak ls AASH A8 A7 Ee H(CO,
9 A E F)o] Al ol ol ||z G2 viAIAZE 4= 9L
O WA AE o] 2 SHHOZ intermittent-flow respirom-
etryE A <Fsk3iTt.

olR2| S, = e W 44] e Sof uhe} eebAl o, Sch-
urmann and Steffensen (1997)2 A5 70-473 g2] Atlantic cod
Gadus morhua®| S_+=<=25,10 2 15Col|A] 27} 16.5,23.2
% 30.3% DOZA] 420 Fobd5 S &= 5716k leh £33t
Thuy et al. (2010)2 50172 Y9! Perca fluviatilis®] A7
Ah 2P, ) A AR of Aol Bsl A AIRE o Ao A 3.4-4.9
kPa (25.5-36.7 mmHg= 16-23% DO)7} Z7}3}= @AFe
zZhohar, FAA 24 Az ile APgstet arefE ook
Sk sheieh. whebd 2 Ao)M 4T YRS, e
20 CollA 4841 AANA oA S H ZlolH, o} F4- 142
A71@527°0)0ll AAlg dRI9] S, 1= tha ol Zlo @ =
A}

Aiba: A ofF= A7 AP -, 7] A A
AH=Ql lactatet= 50l SAE ALY o WEHTh A9
2 lactate 5=+ 20% DOoJ A 3-2]81HA] =321, normox-
a2 3|55 A A= HA} AT AAtA eE T 70%
DO= 3|55 274 SAH =2 MO, = 415 A4ka =
71(20% DO)Ol A Z el Ata2g 9 o] 2Hof] A4+ lactate
o] 4tstol| & @ gt Ak Ao} Ak A o= AbmEthFig. 4).

Aikaol e2E Y29 5 Mo s AR ESHEo|
w2 zpolE YERHA] AR Cle] 79 A4ka 3o =
< % normoxia £ A ¥l Fof = djz7-of| vl sl a3l
THFig. 6). sAtol 7] A|H-2 2 4=Ql skt gl o s

g9 slelz ws} 51

W AW g=ito] A A =7 dzel ol fe el i
AFskL 7o) o] o] &5 &S] AFEEE +r
gheh AR A7} ] AE A0 =EEH Hed 220
ohA GRS F= Zl o & 4 A Qlth(Robertson et al., 1987).

Y PO,= 59 Atz r) old s HrlA o g 7
SHLaL, HRIA QL A abasof| F-A]E 3 20% DOoJ| 30427t 1=
H o= th212] 60% =0l 2Tt 20% DO A= W
MO, (Fig. 4) 2 8% PO/ @43H 24l MO 2 ol %)
Ak QT reFo] o) w2 S5 o] ofAo] AEH AR
| Ao FHEUT Ahkaol 2EH PA Y AEH A
o g% cortisol¥} glucose = HIFE Sl 2ol 4= 3l
QIthFig. 7). A1F7F AEH A 7o l=ZE|H catecholamine
9 cortisol W&Eo| A=, B39 cortisolT} glucose= AE
gl wh3-o] A2 Fe] AREE AL Gtk 2 Aol A Hx] o E
% cortisol & == AJAkA7} A3 of whet @A sHA S75kel
o, normoxia® 3F|EH A= 24 =02 FZ 5}
7 Z+43}%I ). Barton and Iwama (1991)2} Wendelaar Bonga
(1997)= o771 2EH A 3 of| & %H &5 cortisol 5=
= A1%53) ot AEdA alo] sland F48] 44}
A1, glucosei= cortisol A% ol LeFLRz AlsalA whgo
2A 2EY A golo] sfarrets AAIZE A SE T 519
t}. @29 % glucoses = 3.5A17ko] AA HHA QD A4
aof| leEE= Fetolle ti2tet 2ol 7} ¢RI R normoxia
2 35 o= dASH d5ohs AuE HoFSltk(Fig.
7).
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