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Stress Responses of Starry Flounder Platichthys stellatus

following Water Temperature Rise

Gook Jin Lee

Abstract

The stress responses of the starry flounder Platichthys stellatus following water
temperature (WT) rise were investigated to establish-the influence of ambient
temperature on this” species. The physiological indicators  of the stress were
plasma cortisol,” glucose, aspartate aminotransferase (AST) and alanine
aminotransferase’ (ALT), sodium, chloride, osmolality and triiodothyronine (T3).
No significant | differences  in plasma parameters were observed among the
experimental groups of 15, 18 and 21C. Levels of plasma cortisol and glucose
of starry flounders kept at 24-27°C were significantly higher than those observed
in the 15-21C groups. Changes-of AST and ALT following WT rise showed a
similar pattern to plasma cortisol and glucose. Starry flounders exposed to 27C
exhibited higher plasma sodium, chloride and osmolality than those exposed to
15-21°C. Though plasma T; of starry flounder increased at 24°C, this hormone
was significantly lower in the fish kept at 27C than the fish at 15C. This
phenomenon seems to be directly associated with long-term fasting. Accordingly,
the results suggest that starry flounders get stressed with osmoregulatory

disturbances above 24C.



FAA 2Ed 2 Q%(stressor) & 2}
Ed 2 dhg2 Asisha 9 Al wge) o3 EAAAE £ o

(Barnett and Pankhurst, 1998), 12}, 23}, 33} A& 5= $ Ao} 123 2E

=
[>
r]I’.

S AlF8lE--1 54 A| - -4l (hypothalamic-pituitary-adrenal, HPA) =2

g4 0] cortisol S FOE EHFIEE A=Fsl= Zo|th(Perry and Reid, 1993;

ot

g = T =L RN A

Yo o, U = e}

Wendelaar Bonga, 1997). 22} HE-&-2 o] 2 FE9 E3

A

Z2 9] 93 2 <13k aspartate aminotransferase (AST)®} alanine aminotransferase

(ALT), AZA= 3, AHAaane oy 2] &5, dF glucose &5 529 57}

i

X 33t (Tomasso et jal, 1980; Eddy, 1981; Carmichael et al, 1984;
McDonald and Milligan, 1997).

L-thyroxine (Tj), triiodo-L-thyronine (T3)¢} 22 A =282 giiEe
FeEolA SEUALRE Aol TodEt M (McDonald and Milligan, 1992), &
A AAZEES JAEF (Inui et al, 1995)9] WHEjQ} doje &3}

(smoltification) (Brown and Bern, 1989) A7 F7lsl= ASZ dE A Ut

1x

w3 AN ZERY A ¥MIs 2EHZ WY 22 AREE AMEET
(Vijayan and Learherland, 1989).

FEvr8l  Platichthys stellatus (Fig. 1)=& 7FA-7] 3 (Family Pleuronectidae)®l]
&3t AAAE ofFolth = FalolA Lz =8|, WP Atol] A2
33l 1O ™(Chyung, 1977), W& F2ol4 A&3t= W4 ofFolth 3=
oA HT B W Frugle AFoEA FoUF FUtete AdE &

A s mo] Ao w23 oJFor B4 AT o|HT olF=



L}

Fig. 1.."*R_hot0

| %ﬁg} of starry Iounder Plcj_{_,i thyi_ ,sf‘:ellatus.
I s



Shaoll Al AxrhE] el okl 20079 17E, 20129 6018)S 53] 571

%} HE-g-Q1 glucose, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), ©o|, 454 F%, F 99d (TP), triglyceride (TG)S] WHIE ZALSH
ATk w3 ~Ef 2o 9YFOF A triiodothyronine (T;) %71 o]2A

3}eb=A] ZAFSFA TH(Table 1).
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Table 1. Investigated stress responses in this study

Primary Plasma cortisol
Secondary
(a) Metabolic Plasma glucose
Plasma AST
Plasma ALT
(b) Hydromineral Plasma chloride

Plasma sodium

Plasma osmolality

(c) Hematological Total protein

Triglyceride
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Fig. 3. Diagram of experimental method in this research. Water temperature of

each tanks increased at a rate of 1C per day.



3. 9% &4

Cortisol =] cortisol RIA kit (DSL, USA)E Ab&3te] WAHGSHY
(radioimmunoassay, RIA)S.2 EX3% oW, T;&= T; EIA Kit (Biosewoom,
Korea)E AF&3te] EAHHZ" W (enzyme immunoassay, EIA)S.Z H2A35}%
T}. Cortisol®] validation intra- % inter-assay A5+ Z+2; 8.6%, 9.2% 3L, Ti=
7.6%, 8.8% ATt

Glucose, AST, ALT, TP, TG, Na' % CI2 Biochemistry Autoanalyzer (Fuji
Dry-chem 3500, Fuyjifilm Co., Japan)Z ZA3IFom, M}EHFEE Vapor
Pressure Osmometer (Vapro 5520, WESCOR Co., USA)Z =743} mmolkgS

2 yeido.

AP AINE meantSEMOE UERN UM, SPSS (version 17.0)5 AH-&3}o]
A B399, Ad 773 7o 2= one-way ANOVA 2 Tukey-HSDZ &
23 ATHP<0.05). 193F AAg 15C A9 1393 A2 15C-con 4F

T Atele] W3l= Student’s t-test= 43 3F A TH(P<0.05).



m z2 3

¢ BEE AFTOA HA Ale BEEHA skt AR

~

A5 7]
/2 15C 2 15C-con AT Alolell T; 35E A9slaies Fo3F Aol& B

o},

o] A

5
N

1. Cortisol ¥ glucose

15C A& FolA cortisol 5 20.6£3.3 ng/mLATh 18, 20Coll =&
o] o= 27}t 23.6+6.0 ng/mL, 20.4+2.2 ng/mLE YEF oW, 15Ce A}
o} 23 AolZ Ro|A| &Skt} 24, 27ColA cortisol FE= 27 49.242.1
ng/mL % 95.043.9 ng/mL A oW, & T AIFFHY =A e TH(Fig.
4).

Glucose &5+ cortisol 35 WL} HI=3F A3FS R} 15, 18, 21T
TE2H AP0 glucose FEE 40.6+3.6~47.1£3.9 mg/dLE YERTE T8

24, 27CoAME 22t 561+3.8 mg/dL, 58.143.7 mg/dLE F9|3tAl =7} th

2. Na', (I ¥ A EAFE
15, 18, 21 % 24TC AT Na" ¥ CI 55+ FF zo]E HolX
ottt AN 27T oA Nat 2 CI 5E #9384 F718H9 th(Figs. 6, 7).
MEAEEe 24, 27C A@FoA A2 435.7+18.6 mmolkg, 450.7+15.5
mmolkg 2.2 15, 18, 21C AP 2] 375+8.8~390.5£9.2 mmolkg HT} -F2J3}
A=A YebsohFig. 8).
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Fig. 4. Levels of plasmacortisol in starry flounder Platichthys stellatus with
water temperature rise (15—27C). Each value represents means+S.E.M.
(n=10). Different letters indicate statistical differences among the water
temperature groups (P<0.05). ND: no difference between the 15°C group

(fasting for 1 day) and the 15C-con. group (fasting for 13 days).
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(n=10). Different letters indicate statistical differences among the water
temperature groups (P<0.05). ND: no difference between the 15C group
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(n=10). Different letters indicate statistical differences among the water
temperature groups (P<0.05). ND: no difference between the 15C group

(fasting for 1 day) and the 15C-con. group (fasting for 13 days).
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water temperature rise (15—27C). Each value represents means+S.E.M.
(n=10). Different letters indicate statistical differences among the water
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3. AST, ALT

15, 18, 21°C AgFAA ASTE 35.3+£3.2~37.8£2.9 IU/LE A 23t 2%
zpo]E  Holx  gkokth 18y, 24, 27CoME ZZ 1059+9.1 TU/L,
127.7412.6 ITU/LE T2 £& AFTRT FoatA EUTHFig 9). ALTE F
2 ol welk ASTSF ARG W3k A3S BT ALTE 15, 18, 21Tl A
15.541.2~22.342.0 TULZ {23 2}o]E Ho|x ¢ghrh wkAd] 24, 277C o A
= 27} 32.0+3.0 ng/mL, 78.6+8.4 ng/mLZ 15C2} 18 CHT} Fo3HA =ttt

(Fig. 9).

4. TG, TP
TGE 15, 18, 21 & 24T A FolA 85.6+6.8~99.6£12.6 mg/dLZE
ztol & HolA| gkrt. 3FAFE 27T ol A 1225.6420.2 mg/dLE TF 2 F2 AF
TR FosAl  E=UTth(Fig. 10). TRE 15 18 = 21C AFAFA
3.340.2~3.5£0.2 g/dLZ F2gk =Fo]E HolA| ATk, 24T} 27CollA 2t

Z} 3.6+0.2 g/dL, 4:0£0.2 g/dLE +2|3A] Ech(Fig. 11).

T; 5= 15C 24.74£1.9 ng/mLol A 24C 29.4+0.8 ng/mLE £93A =7}
th 27C APTY T; 55 U0 52 AFFRY {F3A A dE

R
ok =R 15C AP TFolA 133 A A7 19 A AdFEG

Fl
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Fig. 9. Levels of AST (top) and-ALT (bottom) in starry flounder Platichthys
stellatus with water temperature rise (15—>27°C). Each value represents
meanstS.E.M. (n=10). Different letters indicate statistical differences
among the water temperature groups (P<0.05). ND: no difference
between the 15C group (fasting for 1 day) and the 15C-con. group
(fasting for 13 days).
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Fig. 10. Levels of TG (triglyceride) in starry “flounder Platichthys stellatus with
water temperature rise (15—27C). Each value represents means+S.E.M.
(n=10). Different letters indicate statistical differences among the water
temperature groups (P<0.05). ND:
group (fasting for 1 day) and the 15C-con. group (fasting for 13
days).
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water temperature rise (1527C). Each value represents means+S.E.M.
(n=10). Different letters indicate statistical differences among the water
temperature groups (P<0.05). ND: no difference between the 15T
group (fasting for 1 day) and the 15C-con. group (fasting for 13
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w2l @ebd 5 dom, Ao (Oncorhynchus keta) 30~40 ng/mL (Pickering and
Pottinger, 1989), €&} o} (Oreochromis niloticus). 5~50 ng/mL (Auperin et al.,
1997), 2% (Acanthopagrus schlegeli) 10~35 ng/mL (Chang et al., 2002; Min
et al, 2003) ¢ A7} Ru=E ¥} At Min et al (2009)Z Kim et al.
(2009)2] Aol o5, FEGE S e w8k Aol A A cortisol FF
< 247} 30 ng/mL, 10 ngmLE B3 #H A meA] B AF= 21C7HA
TEH 20~24 ng/mLo| cortisol =7} A TAZ oA FoA 2EH 2V F
HE A FUd Aor FEdn

Glucose §E+= dRtAo = 2EHG =9 s S7HT. Glucose®| 7=
Ztoll A FA1A) & ARl phosphoenolpyruvate carboxykinase (PEPCK)2] &85

= FEAN717] A7 cortisolol] &3l ©] Fo] X Th(Hanson and Reshef, 1997).

re
-
2
=
aQ,
c
(@]
o)
8
rlr
(@]
o]
=
[75]
=R
1o
o|N
\
N
o
)
_\-‘Ldi
Jo
>
>
ol
ol
2
(@]
o
=
w2
=R
rlo
ofl
2
ox
off
o

313t A2 AdHT. 18 F(hyperglycemia)S> =Ed 20l 2ol F71¥
AR aFFE FIA77] AT A2 A Uth(Vijayan et al, 1997).
A F Aoy (Salmo salar) (Olsen et al., 1995)2} red drum (Sciaenops ocellatus)
(Robertson et al., 1988)°l §4% 2EHX2E 7lstH, ol oF<9 cortisol
glucose TX o F7Fk= FAlo o] FoXth Atdrl ¥ F2 sunshine bass

(Morone  chrysops %  Morone saxatilis) (Davis, 2004), FA7)| %o
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(Oncorhynchus mykiss) (Meka and McCormick, 2005), bullhead (Ictalurus melas)
(Ottolenghi et al.,, 1995)0 4 5o WE 2EH 2 Hhgo o3 Axel=

<

Ba7F o B dFdAME HAEgE oA F245d mE A glucose T

%o S7M7F #EEA

k)

sith o] A3te 24Colde] nF Lol ARG W EAR 23

AREAQl oAl AST 2 ALT+= A Akl T a3k 28-S 3l A
F2 AZ ol SAZT. ol E4E UAS W, AST % ALTE 52
2 FYE Y% Ming et al, 2012). @WekA], amino transfer enzyme®] &S A

el olRe AYEE F5F £ gom, FAW PR -+ W, Adk

-

pH, FEUol EE FF%0] o8 AEds W] YANELE Fgo] 7}

o] 47 FUlele AL Rasdyg. B AFAAE 24TCe 27Co A A=
thale] AST @ ALT X7} 15~21C AF TR §o8t4 ©u =o} H|L3h

#ogol BRHNUG. 1AL AEhel 9] AZE} nFLo o8 &4 U



AFAAA AlFSHE- 3t A -2 34 (hypothalamic-pituitary-thyroid, HPT) -2
EHIShE AdAd 2o dauet 73 = A%, M 7lsd 54 2 &

g2 whgs x3t

et

okl &5 7| 5SS Ste= A 2dAF oIt
o 2=

Ao E A A YH(Peter, 2011). 25C o]A9] 4L ~EF 20 93 T,

7t BAEY ¢ HEANAME BEHE vk JATHChoi et al, 2007). whEFA,

| 718 Aoz ddrd. 20 2

4Co] =2de o T; ¥=7F 571 8k ok 28y 27Co A= 15CRG
R

o} 27Col A Ty A7 243 A A717H13Y)e] A3

et

2=
A F A2 i ARl Zew F2& & Utk Holgas Asi=
2 TR dadges AL F gEA  JdY(Navarro and
Gutierrez 1995; MacKenzie et al. 1998). T3k T; X7 2A RiH A&
A2 ot WS HEA% GE AFAAE 2ol E 4 U Th(Farbridge and
Leatherland, 1992: Gaylord et al., 2001).
AEHOE B dAFY Az 24T oy F0o] HAErd 2E#H b
<9 Ay Az uA= VIS A= AoE AdHY. A F
ToEE AFE 24T o] dollA F7IZF ARSI TE, AestAl 7)ol oS

AL Aol AdEH AR FHAel| ol=A 2 & vt ATE.
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