ISSN 1226-9999 (print)
ISSN 2287-7851 (online)

Korean J. Environ. Biol. 33(4) : 412~418(2015) http://dx.doi.org/10.11626/KJEB.2015.33.4.412

FLd Aith kFo ©E Ru|EE(Sebastes schlgeli)®)
| }

AEe - =g ek A YT - 3R 2

S5t Al el

Changes of Blood Parameters in Korean rockfish Sebastes schlegeli
Subjected to Acute Hypoxia at Different Water Temperatures
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Busan 46083, Korea

Abstract - The objective of this study was to evaluate the effects of acute hypoxia on the physio-
logical stress responses (plasma cortisol as the primary response, and hematocrit, hemoglobin,
plasma glucose, sodium, chloride, osmolality, aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) as the secondary responses) of Korean rockfish. The mortality in Korean rock-
fish started at 0.7 mg L™ and 0.8 mg L™ levels at 12°C and 20°C, respectively. And the time re-
quired for the mortality in experimental fish was 274 and 148 minutes at 12°C and 20°C, respec-
tively. Levels of hematocrit, hemoglobin, AST, ALT, ion concentration, osmolality, glucose and cor-
tisol had significantly increased with decreasing dissolved oxygen at 12°C and 20°C.
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Chapman 2004; Hattink et al. 2005).

A = ALty @4 AFH HE T € £2), dE%5]

U 2950 FH R Y 535934 (vertical strati-

FoAE 9ol §E4k4A (dissolved oxygen, DO)+= 7t fication) ¥ XF 4% 5ol 93 AAHo2E YE 4= 9]
T 8% AHF L F spuolty. =58 QoA A4k A9k (Rosenberg er al. 1991; Pihl et al. 1992), o= Q17k
2 (hypoxia) @/Fol gt H o= W2 AFolA] o]Folxint 5ol 93 YAsH= f71EC] AATF R FA=HEA Bl
o, 3A F 7HIAE Udth A dh= 3 E] HE W3] WAYSta itk (Dalla via et al. 1998; Peckol and Rivers
a4 ¢l= DOY MY BE 20mg L™ B 1 oJEE U 1995). S-2utetol A= Aite SHFPL 257 250] €
B $le ™ (Chesney er al. 2000), & WA= DO7} E3t4= @3l FataL, Aol FgokstE]o] 50 49 4718
ARttt AeE AiAR YEbY 9t (Timmerman and o] W2 XA oFH o] AotHA AT U

A SITH(NFRDI 2009). AAMEZ QI3 AZHeh BAlL o} f
Z 1]|&3} gofst SAAES ey AAZg 4 itk Ao
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Aita Y2 RE =0T 5 gloy, 7HRY W ek &
ARBES A =97t E7bsstER A4k ) HA A
wsi7h Brbsiet,

TA% A4t =Eo TE ookt Aesha el ¥skrt of
2] o}Zo]| A ¥r& A itk (Caldwell and Hinshaw 1994; Lays
et al. 2009; Sun et al. 2012). B3 AAAE 2 CO,, 2
F 32, hematocrit (Ht), hemoglobin (Hb)2] A% (Smit and
Hattingh 1978)3}, Uo7} 2ol 4], 44, Atz a & a4
£ %3} (Chabot and Dutil 1999). AAbiE A o Foj
ol ¥, 7k, 259 o|qA] thate] Hof A AEFHAE FE
o ax HAto] APH o2 Y-S v ZIth(Van Raaij ef al.
1994; Lays et al. 2009).

29 &2} (Sebastes schlegeli)yS A2 4=20] 18~24°CE
FeiA glowl, St dstld ATl A5ela AR
E7b HaA] et Fa3k FAREE 5 shteln, B3 2
T A B4 ARG AAE ol &ste] A Ad =
A& A3l BREL A= oFolth(Cho er al. 1998). SHA| Tt
ZuETo] F2 FAHIL Q= Bt A5H 152,
Aitay] 9 Az Fo SA A ZA7t viWs] st
Qom A ALe] @2lo] ¥ gt

2 A7 3L 2y ESE e

A2EA H3-E RAMSHY] 2o g

4 12428 A4 st

L. 2%

2 Aol AHE 2ulEE2 FAEE Hwol 24
7HEE] FARCRREH Fdste IHeAtTete (FAE 7
A9 1= 74 % FRP 2 2710 242 45vte] (38
A% 269+03cm, A|F 301.1£80 )5 83 & 25
HHSAFH. o] 717t Bt 2, dE | AR 47
12.5£0.3°C, 34.0%0.1 psu, 7.7+£0.2 mg L™ gt}. 8} 2
o FAE WA RS SEEIHAL, A 244 AR EE 2

A5,

2. 4% 27

zujBete] A4bd wEBAPL 12°C} 20°Co|H AAIS)
Aot A 22 237 2 F AR (Aquatron, Yuwon Co.,
Korea)E ©|-83to] frAstglon], 4 & 2749 #2014
1097 25X Z . 28717 T A ool de
F7H4074 DOE E3E2 fASATh Adks Ade &

Table 1. Concentration of dissolved oxygen (DO) at each sampling
times (percent saturation) in 12°C and 20°C

Water temperature (°C) DO (%) DO (mg L_l)

100 8.5

50 42

12 30 2.6

10 0.9

7.7 0.7

100 74

50 3.7

20 30 22

109 0.8

Zo] AA7MA NS UA8HA 9 (1.5L min~ )3t DOS
ZaAA HERoH, I H3E A=A 7] (YSI-556NPS,
USA)Z Y EFH3IAT

3.89 A4 2 B4

2EY A REE 2AHE 913 8L DO F=7F ZF 20
4] 100, 50,30, 10% 3 #HAF 27 (H1788A Q) fr 9 #Fo] 4
A FFol E7FsT Dol AAlskdeH, 8 A1719 DO
EE= Table 17 2ok @Y HEF Al 225 8nt] 9
Aol xZ3le] ZA] u}F (tricaine methan sulphonate,
MS-222, Sigma, USA; 150 ppm)*]7 =, heparin sodium 2]
2E FA] G mLE AHgstel Agelel Wrauenny
Fog Astgon 2B oe UGt Bolo A
He W HbS 240 Agstdon, s A48 @,
10,000 rpm, 152)3tf B-E 2|3t F47H4] —80°C
o 2Ae YEao] Bt

Hes @o)e A gelaol] o] 943 (10,000 rpm, 10
E)sle] Ht 24 T (MICRO-HAEMATOCRIT READER,
Hawksley Co, UK)2 2, Hb2 A5AYSFeHE A 7] (Fuji dry-
chem 4000i, Fyjifilm Co., Japan)Z &% 3}$it}.

A FE|E-L cortisol EIA kit (Oxford, USA)E AF&-3}4

I_L/F_‘?ﬂ & B4 (enzyme immunoassay, EIA)Z A3t 2
&
Intra-assay CVE= 22 9.8% H 4.5%0°] 3T}, &
2 9 aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), Na", K" @ CI'2 A5A3eR A7, A4EA
FEE= AEYSEA7] (Vapro 5520, WESCOR Co., USA)Z
S5k

£9] B4 A] Inter-assay coefficients of variation (CV) 2

=
e 22

Ay Ao A2 3 EZoAE UEYglen,
SPSS EAZ & 1% (ver. 18 0)—;% AHE-319] one way-ANOVA
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Fig. 1. Profile of dissolved oxygen (%) of hypoxia treatment at
12°C (up) and 20°C (down) on Korean rockfish Sebastes
schlegeli. O: the point of starting mortalities {up: 0.7 mg
L™ (7.7%), down: 0.8 mg L™ (10.9%)}.

2 Duncan’s multiple range test2 A2 HAAIITH(P
<0.05).

LA A4 55

&9 At Aoz %*38}71 A&e DO e
12°C&} 20°Co) A Z+2F0.7mg L™, 08 mg L' & H]&3lg0
o, 2 QA7 242 2748, 1488 0 2 YERGTH(Fig. 1).

2.78% 9 2732

aic’ 12°CollA DO =71 100% % uf 294+121ng
4 Zo], HAF A 1463+160ng mL™'& oF 5
o) Z7}stdtt. 20°Col A= 100%Q o 39.5+8.0ng mL™
2 Yehdou gal A& 93.0+133ng mL & oF 28 Z
7}st At (Fig. 2).

o= P
FFIAA FA=
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Fig. 2. Levels of cortisol in Korean rockfish Sebastes schlegeli on
decreasing dissolved oxygen at 12°C and 20°C. Values are
mean+ S.E. Different letters indicate significant difference
(P<0.05).

17.6 mg dL™'o1 A4 10%% o) 195.9+27.5mg dL.”', A} F]
Aol 309.9+14.6mg dL™'2 {2514 Z7}8H% Tt 20°C]
A= 100%2Q W 9334204 mg dL oA 50%Y © 1235+
242mg dL”", Ak 2] 25944209 mg dL™'2 27819
t}(Fig. 3).

3.HtZ Hb

12°ColA Ht:= DO H%7} 100% Y
A 30%Y T 359+1.1%, HAF A 442+10%2 27}
3+9lcth. HbE DO %% 100%% ) 8.4+04gdL ™A 10%
g o 99+04gdL' 2 FOFHA F7Iste] HAL FAel=
10.8+0.3 g dL™' 2 Uehgth 20°Col A & Hte} Hb: DO %
=7t #ATRE ZVete AFE B ATH(Table 2).

) 30.7+ 1.0%0]

4.AST 9 ALT

12°Co| Al AST 2=X= D02 ¥%=7} 100% 2
11U LA 10%9} HA} 2

o 100+
A AHo| z+zF 223+5.1U L7'9F
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261+55UL7'2 2718199tk ALT 4= 100%< o 43+
02U L2 Yehgou, 10% A 1A 2+2F 6.0+0.8
UL'9 644050 L7'2 Z7}8199th. 20°Col 4] AST 424
L D09 &7} 100%Y o 145+34U L7'2 Yehgout
AL -] 84£09U L2 F71519 S0, ALT $A = ¥
AF HAo] 84+09U L' 2 F718F4TH(Table 2).

400
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Fig. 3. Levels of glucose in Korean rockfish Sebastes schlegeli on
decreasing dissolved oxygen at 12°C and 20°C. Values are
mean =+ S.E. Different letters indicate significant difference
(P<0.05).

5.0l W AR S

'u

Nat 2= 12°Co)A DO %7} 100%Q ) 164.1+12
mmol L™'2 vehgon) ga} Ao 171.7+£0.9 mmol L'
2 At Ao ket B et it 20°CAlA =
100%% @ 166.0+0.6 mmol L™'2 Yo}, 12°C} at
F7HA 2 HAF FA| F7kske 43S Yeigt K
T 12°Co) A DO =7t 100%% @ 1.3+0.1 mmol L™
oA 30% 1.6+0.1 mmol L™'& Z7}317] A&Héte] gAL 3]
o] 1.840.1 mmol L™'& Yebgtth 20°Co A= 100% <Y
© 1.8+0.1 mmol Lo A 10%%} #|AF R Ao z+zt 23+
0.1 mmol L™'¢} 2.5+0.1 mmol L™'2 Z7}39lth. CI” &=
L 12°C A DO ¥ =7} 100%Y ) 145.7+1.6 mmol L™
oA 30% 151.6+1.7 mmol L™'2 Z7}8}%.2.1, 20°Col|A]
£ A FH e Skt AR 5T 12°ColA DO &
%7} 100%Y o 3494428 mOsm kg™ 2 YERE O 10%
ob A} FAo| zHzh 353.6+2.8 mOsm kg T} 378.3+1.9
mOsm kg ' 2 Z7}8}99th. 20°Cl AT 100% Y @ 337.8+
3.1 mOsm kg ' 2 YeIEoL}, 10%2 HAF A9 £7151%
T} (Table 3).

L
5ol HoF Qe DOE #FEEY 5] AT 8
Qe £3589 A2 - Yestd = <
(Do et al. 2014). B3 DO F=7F W2 A4ta 24
olAle) e - AstetAel HgT BAY AFEo] B
HE 9tk (Pollock e al. 2007; Min et al. 2013). ©]2/& DO
= ZSAEFT ARt £ 0 S wol WAL glov,
2 A AE 12°Ce 20°Ce) FAZL WAYE}r] AlFeH=
Aol ZkolE YT, o122 A7k 2E 2 EA e

A IS wABRE oA 20 FFE A A

)
=2
ru
of
.

Table 2. Levels of hematocrit (Ht), hemoglobin (Hb), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in Korean rock-
fish Sebastes schlegeli on decreasing dissolved oxygen (DO) at 12°C and 20°C

WT (°C) DO (%) Ht (%) Hb (g dL™) AST(UL™) ALT(UL™)
100 307+£1.0° 8.4+0.4" 100+1.1° 43+02°

50 33.1+2.1% 93+0.7" 15.8+43™ 50+04™

12 30 359+1.1° 9.6+0.3™ 105+2.1° 46+04™
10 39.9+1.4° 9.9+04" 223+5.1° 6.0+0.8™

77 442410 10.84£0.3¢ 26.1£55" 6.4+0.5°

100 30.1+1.1° 8.2+0.3" 145+3.4° 54+0.5"

20 50 344+09° 9.410.35 17.6+£6.6" 3.1+0.5"
30 378+1.1° 94+04 13.3+1.8° 3.0+0.5"

10.9 420+1.0° 103404 28.3+3.6" 84409

WT: water temperature. Values are mean + S.E. Different letters indicate significant difference (P <0.05).
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Table 3. Plasma Na*, K*, CI” and osmolality levels of Korean rockfish Sebastes schlegeli on decreasing dissolved oxygen (DO) at 12°C and

20°C
WT(°C) DO (%) Na* (mmol L™) K* (mmol L") CI” (mmol L™ Osmolality (mOsm kg ™)
100 164.1+£12" 13+0.1° 1457+1.6" 3494+28"
50 162.8+2.0° 14402% 143.0+2.5° 3462+15%
12 30 166.0+1.6% 1.6+0.1% 1513+1.3" 3394+24°
10 1683418 1.7+0.1™ 153.6+£1.7° 353.6+2.8"
77 171.7+£09° 1.8+0.1° 1526+1.7° 3783+1.9°
100 166.1£0.6° 18+0.1° 1505+ 1.0% 337.8+3.1°
20 50 165.1+1.6" 204027 1464+ 1.6" 343.8+1.8"
30 168.5+ 14" 2340.1% 154.1+1.8™ 3491420
10.9 1759+2.3° 25+0.1° 158.74£2.2° 380.8+3.4°

WT: water temperature. Values are mean = S.E. Different letters indicate significant difference (P <0.05).

o2 #Hisk 4= QI Saint-Paul (1984)9] €51 tambaqui
Colossoma macropomum= Ak ZANA AZHZQ EoH
A S 2R AT HbT AT 47t o] £ A
Aol B 24 Z7Icn RS o RE EE 429
Atra 2704 olA7 BARE §A51) 9198 o 2 of
WA WRE St ACE BuE 4 YU

o] Fol| Al ZE|EL corticosteroid® AEH A S HH= Eo}
Qo) THF BES FAPA ASAEE, F2 AE
A EZ o]gHtt(Mommsen et al. 1999). AL =& AE
& 8Ql F shzA old W oA Y FEE A5 I
AE (Acanthopagrus schlegeli), ) A SN+ (Gadus morhua),
59 ojFoA RIE I Qlth(Herbert and
Steffensen 2005; Lays et al. 2009; O’Connor et al. 2011; Min
et al. 2013). 2EF 20 o5 Aoju BZE TEZ| AL
2 FFIF A AAEA (gluconeogenesis) S EXA|AH FF3
£9] WS BUIE 71T, & IS EUY B4
BT oA F718 FRIAE AEGLE Ad) £
7H v A 25 S5 ]94 FHeE AT 5= J=F &
th(Vijayan et al. 1997). AAtA 2EFHA Q210 o3t 273
2 9] Z71= 'ty o} (Oreochromis niloticus) (Delaney and
Klesius 2004), A 9| 2] et AFAF| (Acipenser baeri) (Maxime
et al. 1995) 5 o1 o\Fol A et glol, & AolA
E AL 23S WA FRIA AEE FEA. o
of 2 A9 EF ZEEY 2 FIL9 TGS 2E
de) QA AR 713 de ol g, Bale] Hy, Hb,
AST 2 ALT 52 o|x1a A Z2A ofH9] AZE= I A
24 H7bst= 9 o] §-Hth(Davis and Parker 1990). Egt
2 Aol 12°Colne] eE el AgEo] 20rCtt o
A Uehts A%S Bt of AE A TS
NS o] B2s17HA9 A7te] 12°C7 20°CH T
oF 28 A= © &g Eo] FAIZE AEHA Q310 =EFHS
7 qEoR BUE 4 9.

spotted wolfish

2 l-

-

Ht @ Hb¥} 22 FH3HA Qs AEH A HHgE e
WAIRE, A9 AFaaH]EEE e 7] &= 3t (Chang e
al. 1999). 2 Ao A 12°CEt 20°CE DOE AAAZ|HA
Hte} Hbo| W3ts ¥t 23 & A7} $7kehe A%
<= YER AT A4baof 93t Hto| F7F= rock perch Scor-
paena porcus, sea carp Diplodus annularis, jack mackerel
Trachurus mediterraneus (Silkin and Silkaina 2005) 52 ¢}
FolA Bug ok glow, B Ao AvekE UAshdrh
Hel $7he 48749 3718 vRstel 487 9%, 8
74 EL olad RS 23] meh yehdti skt
(Peterson 1990). T3t Qureshi et al. (1995)¢] &5} A AbA
o =& Cyprinion watsoni® 8% Hb X7} S7}tta
waEs glon] B dgel Avtel Axatgich. 12T A
Abarol k2 E o7 9] Hbe Abax0he] Agte o] S7igttta
&+ A Qlth(Wood and Johansen 1972; Randall 1982; Val et
al. 1995). ¥ AT A& Hte} HbL 12°C € 20°C2] DO %
27} Wold4E F7beke RS Uehfglon, ol 2e
AT ALY B ZANA R Ak SWEAS B
of AW FHAE $A5] T melo B 4 9t

sitolfol Haol R A o] & B Ahgl7] 2AxE
o] dojif= F5 7|H/-L o}7}u]o] (McDonald et al. 1982),
ob7hu] ZAo|4 ofibi ol LIS Fa oleldt 2ol
7Hsdteba Bng qlek (Heisler 1986). o1Fo] 2-§35H
2E# A 252 ARARH £ o7|AA EFY
Na®, K, CI' 2 454 w0 Wsle zdsicty 21y
v} 1t} (Nolan et al. 1999; Choi et al. 2007). ©157= AWl
QR Que §AToRH AE Yoo o & HAE §7
she, olefat o] 2 Bl ARG 28 H8-2 5 ©
Tk (Min ef al. 2013). 3}X|qF 2 @AFto] A 12°Ce} 20°C E5F
DO7} fagte] wet o] s 9 AR &7t F715k=

A Urehigich o] Ane A4kat 2EdA aeloz

goto] 2ojEere] ARG 22 Seo] G2 nH R0
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2 3gd 4 Qo

ASTS} ALT+= ofil7] Hojas g HEFE9| 71
Ueti= Lk el X 27} Ho, o Foll A= 213k A4t
&, pH, FE Yok S0 5ol 93 AEH A ¥hg-S F7}
3= dl AMEE I It (Pan et al. 2003). E FF A= |
€} 20°C 257 HAF Aol ASTS ALT 217} A58h=
5 UEtfiglet. o] Aate Aitae] o3t AEF A vt
Z A} Aol THA| 28] EAFo] YLy ASTSF ALT 2|7}
A3 Aoz wekEc)

Artie 2 EZO] AEH L 39102 2Hg5te] LEF
AE % %J ilﬂi«I Fos FEEtALn, 2244 vt
t, Hb, 0|2, *J A 5%, AST,ALTY A

ull
T mu
-1m

r

s
N
lo

m%&u S ofih A2 9 DO St
2 ekt

E X oy op l>
= o |o

S~
o W

pas

I

3 e

12°Co| 4] DO ¥ %7} 07 mg L' ) Zv]&22to] HAr}
drslgon, 28 A|7HS 27480]%] T} 20°Col A= DO &
=7} 08mg LY wf 2ujEeto] Azl dagstg o, 4
QA7HS 14880]9Th DO 529 At AEHA Q2o
2 Z85ko] 12°C9} 20°Co|A] 1R}H e g FEE 9 F23
A =52 A2 ZT E3F He, Hb, AST, ALT, 0]& 5%,
HEA FTT 12°CeF 20°CollA] #HAL Ao F7tst=
S Bt

ol |

Al Al

o] =E2 20159 Sy pAtaeh Y =AM E A ALY
(R2015018)2] x| Yoz £3% dAtojn Hn] 2| Yof 7+
AtEgyrt.
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