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Changes of Stress Response and Physiological Metabolic Activity of Flounder, Paralichthys olivaceus
Following to Food Deprivation and Slow Temperature Descending by Jeong-in Myeong, Duk-Young Kang'*,
Hyo-Chan Kim, Jeong-Ho Lee, Jae Koo Noh and Hyun Chul Kim (Genetics and Breeding Research Center, NFRDI, 169,
Dapo-ri, Geoje 656-842, Korea; 'West Sea Fisheries Research Institute, NFRDI, 707 Eulwang, Jung-gu, Incheon 400-420,

Korea)

ABSIRACT

To find the preliminary environmental conditions for a short-time transport of living olive

flounder, Paralichthys olivaceus, the stress response and physiological metabolic activity of the cul-
tured fish to feed deprivation and slow temperature descending (15.8°C — 13.3°C) were monitored for
8 days. The monitored variables were the plasma alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), glucose {GLU), total protein (TP), electrolytes (Na*, K*, CI") and thyroid hormones (TT,,
TT,;, FT, and FTy). In food deprivation experiment for 8 days, we did not find any statistical change of
level in AST, ALT and electrolytes (Na*, K*, CI7), but found a significant decrease in TP and GLU. In
thyroid hormones, the levels of four hormones in plasma were all showing a tendency to decrease.
Especially, FT, and TT, were significantly decreased, indicating a withering of physiologic activity. in
the temperature test, aithough no any significant change in AST, TP and electrolytes (Na*, K*, CI7), we
observed a significant decrease of ALT and GLU following to temperature descending from 15.8°C to
13.3°C (P<0.05). In the levels of thyroid hormones, any significant change was not observed for experi-
mental period. We conclude that the stress response and physiological activity of olive flounder were
more influenced by feed deprivation than slow temperature descending at a transport of living fish,
and plasma GLU appears to be sensitive factor to physiological metabolic activity, indicating that it
could be used as a monitering mark or index for a health inspection of the fish.

Key words : Flounder, feed deprivation, temperature descending, stress, physiological activity
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ot webA] Eelo kAl b A
28 HAY &3 £4x7E HgH oz AFYHer & 9
271 e

AX] Paralichthys olivaceus= At 20
et AT Aol 7HFE w2 SAF FAA SellA
FAE ko, fejuTelA A BEH o7 ofAe] o
FRAL T & oJFoz A7 Ak 40,925MT/d
(2010 AAGAALEA, SAA) o2 FAAE o 4 BT
Mz T oE-g At A PR E3 AR
F S FojRlel] o) o] T2, F 9] A 5 AZH
& B4 1277 ool Al&EHA o] FojZ. o] il
28] ~EHAE HAI}E A=) AELEE FA4]
F7] A8, $A 71edt BAH Hol 4wl et
AR A anA| 2 o] izt & fEjvele] A XS
ko2 3 &3l sl o] FE2AAT S5 o
g 71E2 ob7HA] wiEe] A gk sX|RE A-8HA
U MY S FH ol AE AR I 4
1AF JR19] A4, &31 4 ACA HAsR] 23 42
ol AL 2ale Aelaz AHesjed 44 F AEH
Pol M) oteigre 74 4 Aok w48 AT
29 A Akaielsh SpuAg B4 BAZG A 3
=71 D o3}

DY o} g AN AHEHT Sl AR A
o) 7R Bz off 23] AW A= Y AnEE
ZA& 9l AF8-Folx] g} (Cook et al., 2000; Gaylord and
Gatlin, 2000; Gaylord et al., 2001; Cho and Lee, 2002). o] 7]
W 4571 53 HHste] A6 2 ulss e
H 3 WA, WA ol 7S] A EA4E oslElAl g A
48 79 A0S PN, AEEE PHE 5K B
o 22y S A, obA7ER] oS R AR Lol o E
HepH o) E3E ARl 7]eS mlRiEY A gt
AFARE: ol fel el HolHA2 AlRRA 9 a3 s
(Saether and Jobling, 1999)¢l] <3 3F&- wbA}, 337) (Bolliet
etal.,2001) == 42 (Talbot et al., 1999)7} 7+-2 317 Q=)
of o8 dae e 4 ook 53l 2 A7 B4 oAF
o) o)A ¥e] AAERF (hypothalamus)el Sls) 2
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Table 1. Summary of experimental conditions

X Aoz odelx ¢} (Peter and Crim, 1979; Demski and
Northcutt, 1983). AJAF8}2- )4 (hypothalamic inferior lobe)
o BrAAANN ALEE RAARE 45547, oy
Alg 243 54 AlEl2A 2430 (Peter and Crim,
1979; Rink and Wullimann, 1998; Wullimann and Mueller,
2004). ojjsk AAAIRHE AEE, ARE, vTk=, AR, 74
Z2} 2|4 (hepatosomatic index), @4 thyroxine (T,) B °}7}
u] Na*/K*-adenosine triphoaphatase (Nat/K*-ATPase) =
o] od3kS u) Xt} (Beckman et al., 2000).

e B AT AP0 E Fo] 54 AREHE 2
L (15£2°C)oll M 428 717t FFstetrAvt, He] 355
AP o JAo YA E EF A=A g} At
A 32 RGP E2R)Y dske 53 detslka, o] 2
FE& viEtoz off2 Axgae A|FAY FAARA
A QAEe] 24AE ARSI, HEe] A o]&SE
go} 44 34 Ao AL A= FAAA =
sfa) 23} et

1.8 =

)

Fo] $4-8 ST 7] A ok JA]9 A= - 43}
A A wWse AYT veE 53 s 2o 98,
kAol (A= 1A, AA 3271 1.2em, A F 327.1+336g)
2 o]&3] AL 8YU AAFT. B AFPel Eojrirel
PA 5UTE ARG o] o] FojFom, o] F A 2(16.6
+0.8°C) 271 A 87 A& oz AYPee AYAF .
AE-E 3bno e HY QEL 98 3709 Fzel 2} 307
24 43t Fstet. 2% S00L 93 FRP 52 (3)
FEFAS0L)E ol g3 M E FET 2719 A
A (B #=36 314 /day) 2. 2 A 3= 3lw}(Table 1).

Wz kel (e 134, A4 314+02cm, A3 299.1

Experiment
Contents

Food deprivation Temperature descent
Fish size TL 32.7+12cm, BW 327.1 £33.6 g(Yearlings) TL 31.4+0.2cm, BW 299.1 £4.3 g(Yearlings)
Food intake 0 g/fish/day 5.2+0.8 g/fish/day
Experiment term 8 days
Replication 3
Density 30 fish/tank

Investigated variables
Interval on blood collection

ALT, AST, TP, GLU, electrolyte, total T; & T,, free T; & T,

2days




43)E ol43l 8UZF YAAFE AAFT Adel=
Abgol] Eoi7}7] 5UA duAeS Sa Wi Hel3F
sFHA AY $2(G00L 93 FRP $x)0] #H-3-A A}
FAY 5 YA oE o 4 A AR HE £
WA o] FelH et & AFA52 15.8°Coll A 29 7HF o
2 8YU7F 15.1°C—148°C—135°C—133°C= ¢l oz
dkstA SAAA Foa, Y AEE 98 309 Szl
Aol g 7t 30t 4-5le] Ta]slgit). Blo)= Abel 4
WAL A RALRE o] 43 0m, TF-E Lee et al.(2000)
Kim e al. (2005)2] =] 2]ojo] wigAls HAFTF A4S
71E0E FEE 14 23], 04 1049} 2.3 4X]of| o] Fo]
Z o} (Table 1).
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2] &% alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glucose (GLU), total protein (TP), A
)& (Na*, K*, C1") @ thyroid hormones (THs)& £433}7]
A3 29 Ao AP APy AP APF
AHgelE T2 Sube] x 398 (n=15/group). 0.2 Ao}
2-phenoxyethanol2. 1¢7F w3 %, d|93 ] FAP)E
ARgste] mREWeA] A AW T oFe Wx
bl 45k, B AE Ao W AYEHE AL 3
At AL 4°Coll 587+ w7 H), LA1E (12,000
pm, S)ste AL FEIGc) F23 AL ol &
Al ALT (GPT/ALP-PIII), AST, GLU, TP 9 A&z 2AMg
AABtEen, dBE THs 24 ¢824 A)74A] —70°C
oA rAstedc) (A ALT (GPT/ALP-PIII), AST, GLU, TP
4 A s)zl-2 FUJI DRI-CHEM 3500i%4- 544 kit &&}o]
EE AM4-3le] FUII DRI-CHEM 3500i (Co. Fujifilm, Japan)
A B3I olw) ARS-E ALT kit glo] == Z3H 9]
10~1,000 w/L2| GPT/ALP-PII (Co. Fujifilm, Japan)& A}-&-
gl o, ASTE= 249 10~1,000 wL2] GOT/AST-PIII

(Co. Fujifilm, Japan), TP¥= &3¢ 2.0~110¢g/dLe] TP-
PIII (Co. Fujifilm, Japan), GLU Z2#$] 10~ 600 mg/dL
¢} GLU-PII (Co. Fujifilm, Japan)&, 18] 1 Asf=x< Nat
24M9 75~250 mEq/L, K* A9 1.0~14.0 mEq/L,
Cl” &#48¢] 50~ 175mEq/L])] A4 &elo]= Nat-K*-Cl°
(Co. Fujifilm, Japan) & A}8-3}93¢}.

A4z 229l 8% total L-thyroxine (TT,), total 3,5,3'-
triiodo-L-thyronine (TT;), free L-thyroxine (FT,) 2 free 3,5,3'-
triiodo-L-thyronine (FT;) 42 87} w= &3 Z¢] THs
reagent”} AA o2 ZAgs}le], solid phase?] paramagnetic
particle® 341 3}a1, o] 7)ol lite reagent®] acridinium ester-
labeled mouse anti-THs antibody”} A&sled v}Jeh}= RLU
(relative light units)E& ZAsl= H8]E o]83l= CLIA

Al s2etztof

il

gzl Azt 89

0[0

(Chemiluminesent Immunoassay)el] 2]l AA|s}ac}. TT,,
TT;, FT, @ FT; 24 A] <} kitsz= ADVIA Centaur (Bayer,
USA)YE A&ty om, CLIAS] 2j8F d7HH % c.v. (interas-
say coefficient of variation)> TT,=2.98, TT;=1.15, FT,=
2.71,FT,=2.630]9) o™, A E c.v.(intraassay coefficient
of variation)& TT,=2.04, TT,=2.22, FT,=3.07, FT,= 2.57
o]t

3. SAIAE

A A= SPSS-PC FANT|AS o] g3led, v| 53
el Kruskall-Wallis testel] ©]3}ed A+ 73 2}
o] fH-= A BEAEH 2 (a=0.05), o] F Mann-Whitney
Utests ¥ A% AZsilch 2 499 a7 A9

AN ez st

1. BAlo| o

oo

Ao w2 AST, ALT, TP, GLU ¥ A3§# (Na*t, Cl°,
KHe] wse xA8t A3 ASTE: Kruskall-Wallis testel]
s P=0.147 (*=8.1THEH a=005°1A 5 §-2]3}
E e Aoz #ElFglen, ALTY A$= vt A543}
 AEE AWz gglert P=0.076 (x'=9.959) =% FxH
zpo] S YeR R it} 18} TP P=0.015((*=14.082)
2 498E folstAl Fradhs AR BT (P<0.05).
GLU 94 P=0.018(X2=13.710)§/ﬂ AlE 4d5 e AA)
717ke] ARl whet EF st f-o3hAl Fadhe A
+ o & ARH(P<0.05). A2 A9 HAe] wE
2P Wg-o] ¢l (Table 2).

5 szl w2 A5 TS A 644 o=
g of 02ug/dLE g4 H4se e R, fo
F P=0.05 $F| A Kruskall-Wallis test2 A A3t A3} &
o|&hg P=04202 FA] 7|7 W dF s2 B HES
e Aoz FAEch TT: AubH oz Al daps} 3
BRO exl= ALY A3ES ¥ o], Mann-Whitney U test
£ B3 0¥ 8 Alo] FxE f4H Aeols BAANL
Kruskall-Wallis testef| 4] P=0214% AHAl 7|7 w}& %
=9 {93 W gle Aoz B (P>0.05). 28y
FT,2] 7%+ Kruskall-Wallis testellA] P=0.0502.2 A A
How A Flzte] 228 sxe] G2 wlAE A
& ;AT 4 9193, Mann-Whitney U test® £3F A}57]
ZFollA 4~8d Ate] =7}t Al vlF f-2lEHA Y=
A& gl® 4= TP <0.05). 3HA|RE FT32] A $- P=
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Table 2. Changes of AST, ALT, TP, GLU, Na*, K* and Cl” in blood of yearling flounder after food deprivation (n=15; a=0.05)

Variables 0 day 2day 4 day 6day 8 day x> P-values'
AST (w/L) 130408 108+1.3 184+3.8 108+15 104+1.2 8.171 0.147
ALT (WL) 46104 62104 74106 58+04 60103 9959 0076
TP (g/dL) 38+02 40+0.1 3.7£0.1% 37101 32+0.2% 14.082 0.015?
GLU (mg/dL) 278%£69 22043 13.6+13*%1 1304077 114+0.77 13.710 00183
Na* (mEqg/L) 1732437 171.6x1.7 1692+1.7 1692+19 1740+£24 5971 0.309
K* (mEq/L) 36103 35+0.1 35+0.1 3.7+0.1 34103 4.865 0433
Cl” (mEq/L) 1632420 1642+19 162018 166028 1650+1.7 4671 0457
IStatistical significance was evaluated by Kruskall-Wallis and Mann-Whitney U testes.
23The levels of TP and GLU increased with increasing of date of food deprivation (P < 0.05).

*P < 0.05; compared with value in previous day, P < 0.05; compared with value in zero day.
038 4 "
P=0420 —————————— P<005 P=0.050
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Fig. 1. Changes of TT, (Total T,), TT; (Total T5), FT, (Free T,) and FT; (Free T,) in blood of yearling flounders after food deprivation (n=15;
a=0.05); Statistical significance was evaluated by Kruskall-Wallis and Mann-Whitney U testes. *P < 0.05; compared with value in zero day.

057124 AA 71713} 328 5 Aloldl Ao ¢
+ ez FIET(Fig. 1).

5 Aseielatel Aol glo] ¢huidt 4= 7hale) &
= Table 33} 7t} ASTE 42-20] 3)7}a2
3= A3FS Wl A9, Kruskall-Wallis teste]] 2]s] P=0312
(’=4.765)24 FATH o2 5 sl B2 = W3}
T 8 Aoz ZIFHNUGH(P>005). ALT 7$- Aubge
2 L Zhae] WE 54 Awlg Holx] 4%ty 9x &
AR oz 4954 P=0.028 (x*=10.903)2A] 1 =7} 7|

Al Aol vla] F23HA AR AL AT 4 A P<
0.05). TP A¥7|17 UM 42T 58 FA81eH &
AR oz P=0889 ()*=1.13H)2A £ %% zloj:= &
AR o= Aoz FAFHYE(P>0.05). 290 v GLU
E P=0.005(*=14.806)24 4 Fx }o|7} f-2]5H
EAslg e, AAFEHEE B8 24 15.1°08E {25
AL AgE B (P<005). 22y A 7S
Na‘'s}t Cl' &= & #HEP}F 993, KYe 238170 we 7)
&3 RS e

8 s EE TT,E 15.1°C2Y)8) 14.8°C(4Y) A
olofl REAQ FAA FA7t EAPA N, AFT AAH



alm s2ctdo| ME YAl delig 9t

Table 3. Changes of AST, ALT, TP, GLU, Na*, K* and CI” in blood of yearling flounder after descending of water temperature (n=15; a.=0.05)

Variables 15.8°C (0 day) 15.1°C (2 day) 14.8°C (4 day) 13.5°C (6 day) 13.3°C (8 day) %2 P-values!
AST (wL) 134%£13 16.6£3.8 224+£5.6 184+£25 238427 4.765 0312
ALT (WL) 68+02 74407 50+03%1 544061 58+08 10.903 0.0282
TP (g/dL) 38+02 38402 38+£0.2 39102 40+0.1 1.134 0.889
GLU (mg/dL) 326+25 2404+£2.9% 210151 156+1.2%1 1684081 14.806 0.005°
Na* (mEq/L) 167013 1680£1.5 1664+2.8 1690+14 1652+15 3203 0.524
K*(mEq/L) 3602 35102 35+02 34101 3.1+0.1 6.296 0.178
Cl” (mEg/L) 1602+£15 1624+13 1584424 161615 1580+1.8 3305 0.508
'Statistical significance was evaluated by Kruskall-Wallis and Mann-Whitney U testes.

23 The levels of ALT and GLU decreased with decreasing of water temperature (P <0.05).
*P < 0.05; compared with value in previous day, 1P < 0.05; compared with value in zero day.
08 4
P<005 P=0.152 P<0.05— P=0053
i
] S
2 04 g
E o
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0 1
600
P=0517 P=0.159
400 ~
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= o
=200 =
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(158°C)  (15.1°C) (14.8°C) (13.5°C)  (13.3°C) (15.8°C) (15.1°C) (148°C)  (135°C) (13.3°0)
Elapsed days Elapsed days

Fig. 2. Changes of TT, (Total T,), TT; (Total T;), FT, (Free T,) and FT; (Free T5) in blood of yearling flounders after descending of water
temperature (n=15; 0.=0.05); Statistical significance was evaluated by Kruskall-Wallis and Mann-Whitney U testes. *P<0.05; compared with

value in previous day or zero day.

22+ Kruskall-Wallis teste]] 2|8t P=0.1520]0]A] 42
Zrslel] mE ko] gl 7oz vpehdel I8 Mann-
Whitney U test® 53} 253 A3} 494 (14.8°C)ell A F-2)3}
A ZA2g 5 6Y135°0)0A A $2sHA AArssh=
73 Bolvt. w3 FT, 4% 15.8°C (0 day)$}t 15.1°C (2
day) Ate] BAH fo)x7F EAYUAE, APT DA 28
Eol 005324 7ol uld Za= ol & 4 ¢4
o} 283 YA TT,9} FT, QA% fo)8hge] 242t 0517
7 0.15924 2 Apolof] ub2 o3> ¢l Aow Fal
= 3=t (Fig. 2).

] &

2 ATE SERANA AHEHT Qe AAH HolAR
o= As7h 929 AR olgA 3Fe wHE
A% olui At BY 24S 0 ) Axe) 544
& sjetaly] 913k dFE AHS AAEIH. o] & 98 &
% ALT, AST, TP, GLU, electrolyte, thyroid hormones (total
T; & Ty, free T; & TS FA 02 HEE AT 1
A3 AST HolA| gtz 2817 2AME & = f2ld
WAL Fol £ 4 YUSiTh ALTS] A¢ A HelAgt



92 Bl AHY - 2EE - O|HE - =X T - ZHE

Y g S 43t 226] BE A e 2

o). 53] GLUS| 74, Hol3F AT 9 & 733}
AY BRA AF 77te] HeAWA I 37} $-2)EH
Fasle S veidol, d A9 A2 s 453
4 E e AmEAdE 4 rIsAS B o) 84
<+ 1oz HolAlgt B & sP7to) 93 AF GLUR
Fae 12z AW A=A $XE A% ¢z
% el 93 Aoz oaHe. F HolA g 52
el o3k Hakg e A uAY ZE = oy
Al 27 7Hael 9130 glycogenolysis =X gluconeogenesis
ZAe] exloz et Az FA G =3 B4 A
EdX Agz 45T gl GLUE AEHS AM)A]
Ex AlLo] doluttl= e A (Ishioka, 1980; Barton ef al.,
1985; Robertson et al., 1987; Thomas and Robertson, 1991)
2 A7 HelAgk sl 23leto] XA A4
22 243 Grde Joz oldld £ gt} o) )
dubH o2 AMEET Qe o] 48 AT AYH 3A
A o] Jx|o] Ajaelel 717tz VR of3kg m)X]R)
ke AL dkedgiel e Al (Nat K, C)e 9
o|A T} 2817kl whE of kg Ao WR) glo}, ] &
A A el A3A e Aoz A4EY, gt
Al AL dAL FAY AL AR H s dde
Aoz A

g s 2 e A9, HelAg 270 FT,5He A
99T FAG o2 e A s Esdlde woligs
228 5 2o FARHCE $oI o) (P=0050)E
B9 AL FT, & 50 2780} 2eh} a8e A
% 9 4717 32E B} welaR Alke] Wi
7 Ak A% 29D, 59 $9I5E 0054 A9
A% B2 A4 Aolol FANOE $oIT 4T TT,9
FTolA g 4 slgiet ol2ia o} 79l 44uALst Bl
Heol ZHAAS] w2 o|n] of2] dFR}E (Leatherland,
1994; Navarro and Gutierrez, 1995; MacKenzie ef al., 1998;
Gaylord ez al., 2001)o] &3] 7] 251% vl7} g1t} Gaylord
et al.(2001)ol] &3P xpdvl| 7], Ictalurus punctatus®] “x)s}
PARIA 272 Aol FF FA 2AZGY) ool vlg
RoEThe IS SHlg o) glom, SARH A 4o,
Oncorhynchus mykiss (Sweeting and Eales, 1992)2} &lz}x] o},
Oreochromis niloticus (Van der Geyten et al., 1998)2) 790
E ToF A F 24412F ool Zade= AL & oty
A At =3 219 AR & zA]e)] ¢)E outer-ring deio-
dinase (ORD)l] 9]&)] prohormoneg! T, A7} &8 ¢ =3}

f

(peripheral deiodination)e]] 23 FAE = T; FA], T, A+
& 2H8-& E3) oJ3kg W=t} (Eales and Brown, 1993; Van
der Geyten ef al., 1998). 2] A7} 73] w}& JF T,
e 8F T, A o APH R JEgs e o
AL e o= &4ql ORDS 2142 Zhael o3 T, %
= #H3} glol= AAate] ZraFe] Yebd $x ot o]=3t
A2 g3t e g8 A7l o8 &9 v o F
Eales and Brown (1993), Leatherland (1994) ¥ Van der Geyten
et al.(1998)°]] 2}3lH ORD A== AA5} ¥ 7has
™, Sweeting and Eales (1992) 2 Van der Geyten et al. (1998)
o Slake} wolg A FoIT A 3~79 ool e}

A 2 o Sleh B ATeAE AEe Ao}

QAT T, Ty Fmrh B4 712be] Dol AmA ZHashe 7

FE Slsld. 53] T,0 HAeA] A&l FT,ollA] 2 olA
Azbel AAARA Uehte St £ 0s o} £l
A Zashe S B oy HelA7E A|zte] Ao
ARA ek 4ed TT, 34 = A9 34 A
sl 23k ORD &4 74z <13t A3z {55, TT:%
FT, A% o944 A8 $2 527} AA8e % 2e 1 9
Bl Aow YU

g Holg-F A3 AY A} de], 2 ks Ao
AL F EH9 TAAE 42 B3] BE e vep
A Qi) Teit T A uE BARE FolAe e
WAl oSIAIRE AY F84] Ut A RO e
RolA| = AEe Boln. ol gk Ak slgel, Mugil hae-
matocheilusE WALo 2 St Kang er al. (2007)0)| A = ko]
2 5 ol iR AAAE2E 3 T, WEYS k)
T Ty8 WHgA2 748 9 sl e = JA= A
SEche Aol Bad v Qo WS 524 Hole WP
Al Z8ARE, 2 d72] F8 ©AdA TT:¢) FTL9] 5=+
AA BAe) ol va) Aoz elpen, 287
o Zspel &% AY 4 olekm e T Kang ef al.
(2007) A @A ¥ A3 Fe, & A7l 22 &
37h 38 wl)e AL od7lo] ALEE Seel WX A}
FAE Al Zehe aFol7] Wil Aoz FAHH.
dubg oz YA & 10°C o3l A 2ol 44| A o
Aol 7o) Zadtda deA Y HE s & o,
A2 $2 158°C—133°C 82 AdAl &4
Je WA AE 2R Aow wRAT deby
A 45 o83 IASE o487 A Fojpdl
AEHE St 13~15Cd A AT A AARY 2
Holl A A4 242 9ddd Aoz AZEo)
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