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Effects of Noise Stress on Cortisol and Glucocorticoid Receptor Expression of Korean Rockfish, Seba-
stes schlegeli by Min Kyung Shim and Kyung Nam Han* (Department of Ocean Science, Inha University, Incheon 402-
751, Korea)

ABSTRACT The effects of noise stress response on hematological parameters (hemoglobin,
hematocrit and MCHC) and plasma parameters (cortisol, glucose and albumin) in Korean rockfish (Seba-
stes schlegeli), a very important commercial marine fish in Korea, were investigated. These paramet-
ers were analyzed on fish exposed to an explosion of noise. There were no significant differences or
trends in hematological parameters (hematocrit; control 29.7 +4.8%, experiment 32.0 35.5%; hemoglo-
bin; control 6.5+0.7 g/dL, experiment 6.2 7.8 g/dL; MCHC; control 19.6 0.6 g/dL, experiment 19.9~
22.2 g/dL). However, plasma cortisol and glucose exhibited significant differences from start to finish
and displayed the following patterns (cortisol; control 180.7 +35.4 ng/mL, experiment 247.0 444.5 ng/
mL; glucose; control 32.5+6.3 mg/dL, experiment 50.5 109.0 mg/dL). In addition, the glucocorticoid
receptor (GR) mRNA expression and basal levels of various tissues (eye, gills, liver, intestine, skin and
gonads) were investigated for the first time in this marine fish. When the Korean rockfish was exposed
to explosive noise stress, the GR mRNA was expressed more in the gonads than in other tissues
tested and was elevated significantly from two and four times in the liver and gills, respectively, after
noise exposure.

Key words : Noise Stress, hematological parameters, cortisol, Korean Rockfish (Sebastes schlegeli),
glucocorticoid receptor mRNA
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Agksle) 22 Y9 glycogens F-3))3}ed glucoseZ N Esox lucius, Coregonus nasus 2 Couesius plumbeu34 MNE
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Hemoglobin Concentration, MCHC) = &} c}.

Cortisol 5=+ radio-immunoassay (RIA)2 FAJ38}9] 1
Glucose:= hexokinase method & ¢]-g-3}e] NADH<S] &%
= Z7HS ZAslelen Albumin == v Ew S
o] &3}y A2 oz BCG (Bromeresol green)s} wle ZAsgt
o gw3le] 596nmel 4] FR =2 =i}

3. REA 7MY BAT M

BB BAS 93 8 2-phenoxyethanol
(Sigma-Aldrich, MO)2 m}3 F sjRale i, oprim), 71,
A AAA 9 IRs 77k "3 ste]l RNA later (Sigma
Aldrich, MO)ej] e} BA H7px] —70°CellA] W& wods)
At 7+ 2220 Axygen kit (AxyPrep Multisource Total
RNA Miniprep Kit, Axygen, USA)E A}£-3}e] total RNAES
*Z % DEPC-treated water= RNAES *:o|n] BioPhoto-
meter (Eppendorf, Germany)= A 2Fsl3 PrimeScript™ 1st
strand cDNA Synthesis Kit (Takara, Japan) S AFg-3le] A4
2]Z 3 & polymerase chain reaction (PCR) (Takara, Japan)
Salg w3 Abg A7 —20°Ce Rastslch

Regenerative primer= GenBank (http://www.nchi.nlm.nih.
gov)oll ®ugl ZdZe]f{e] GR fxzke] cDNAE dign-
ment & & AFFAe]l ¥ FE-S €sle] NetPrimer soft-
ware (Premier Biosoft International, USA)E o] &3} o}-&
3} zre] Aasge.

sense primer 5-GTC TGC TCT GACGAG GCT TC

antisense primer 3-CTC CTC ACG CTT TAC GAT GG

==

Table 1. List of vertebrate texon used in this study for the regenera-
tive primers

2. %o—ﬁ—!'&! X'”N ‘/l\‘ Species Gene ac(géesr;Boinﬁo
Zgoll =471 A5 2-phenoxyethanol (1:1000; Sigma, Solea senegalensis B-actin MRNA G194537156
MO)= ©}3 3 23 o|uje] 201U/mL heparin sodium %)z Acanthopagrus schlegelii B-actin mRNA Gl140362700
~ . . " o= Sparus aurata GR mRNA G194540531
¥ FAP7](3mL-23G) (BD Diagnostics, UK) = w]vy- &3t Dicentrarchus labrax GR mRNA G148256850
oA &}l =A] hemoglobin (Hb)Z} hematocrit (Ht)& Paralichthys olivaceus GR mRNA GI3123740
2897 FF T e w2 2uls % (Mean Corpuscular Astatotilapia burtoni GR mRNA GI120563130
Table 2. Primers used in this study
Gene Oligo name Seguence (5 —3) Nucleotide position Remarks
GR mRNA RT-F AAG ATCCGG AGGAAGAACTG 31~51 ORF amplification
GR mRNA RT-R AAA CCT GCA GTCTGA CGA AC 601~621 ORF amplification
GR mRNA gPCR-F GGCTCT TCCTCATGT CCT TC 424~ 444 Real-time PCR
GR mRNA gPCR-R GCT TCATACGCT CTTTGT TG 512532 Real-time PCR
B-actin RT-F CAG AAG GACAGCTAT GTT GG 123~143 ORF amplification
B-actin RT-R TGA TCT CCT TCT GCA TCC TG 929949 ORF amplification
B-actin gPCR-F GCC AGA AGGACA GCT ATGTTG 120~141 Real-time PCR
B-actin gPCR-R CAA CTG GGA TGA CAT GGA GA 208~228 Real-time PCR
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Primer ) ko]l A1&-¥ o] F5-& Table 1o] vrehldct. %
) &2te] GR mMRNAE F5FA]7]7] $)38le] Takara Ex Taq
kite] A% e} PCRE Sa)slsich ubs 4B se
guence 248 2|33} (Bionics, Korea) 353k sequence
B2 blast #4319 GR gene o -8 stelaiict = 43}
4 A] house keeping #5122 B-actin F-H L= w35}
s

A $H2 H53 2 sequencesl| A FAAF Sol A<l
=z & -rla}m] real-time PCR primerZS #|2}s} 12 (Table 2)
LightCycler® 480 SYBR Green 1 Master (Roche, Germany)
o] Z3}e] PCR(LightCycler® 480, Roche, Germany)<- 43}

shaie

4. A Xz

EAA2]= SPSS12.0 Ao 2 oneway Anadysis of Va
riance (ANOVA) testZ AlA)s}9] 3L o] 3 Duncan’s multiple
rangetest® 95% 2] 4-% vlel A AHE A shde).

z o

1. Hematological parameters

28 AEH A xE A7 E 1
22 Fig. laol vehlisdes AR WA Ale] :
g/dL, A3 £= Ao 6.9+06gdL= HA} Zrlee= A
e BAAN dxtel folAel 2elg Helx] sttt
(P>0.05). Hte] W3} ] djz=7-9} Fod AAHA &
SAARE Hbel Zro] Atz Frlels AdE veplisds
(P>0.05) (Fig. 1b). MCHC?] %= =3} §2]% zlo]= 1}
EpfjA] ¢keke} (P> 0.05) (Fig. 10).

2. Plasma parameters

Cortisol®] %= W3}= Fig. 2a0] Yel el AL o
3t *Eéﬂ/\i 715k A %2] cortisol2] %= 4445+ 38.6
ng/mL=Z | x+ = 180.7+35.3ng/mL 2} B wsle] F2
g Apol g el (P<0.05). AF = Al =T
9} eo)x}= QlAEA] ¢koron] A Hom AF A A
of = FAskAEt F8 A HE2TF FFoR el
g3l t}. Glucose 2= 97.5+4.8mg/dL= Hx=+
325+ 6.3mg/dLol| Bv|Ele] FASHA Zrlslgor & &
A Azl w2 Aelg melm AT A TRl
Fo% Aol2 viehie AAAow F7hel93 cortisol 3}

H)%=3t AAL Bl (P<0.05) (Fig. 2b). = abumin &

T 12~16gd., IF 1.3+02¢g/dLE 27 % 1.27
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Fig. 1. Hemoglobin, hematocrit and MCHC hematological levels
(mean+SD) in Korean rockfish, Sebastes schlegeli. * Significantly
different (P<0.05). ™Not significant (P>0.05). a Hemoglobin, b:
Hematocrit and ¢: MCHC.

+0.15g/dL g} -2 x1= 1o)x] okoke}(P>0.05) (Fig. 20).

3. Glucocorticoid receptor MRNA &7 |M EM

z3] 22 GR mRNAS] 614 bpe] HE=el 7P
=597 o2 Fig. 3¢ Jehhelch Blast 23 W), Pa-
ralichthys olivaceus, Dicentrarchus labrax, Astatotilapia bur-
toni, Neolamprologus pulcher, Porichthys notatus, Oncorhyn-
chus mykiss, ¢J o, Cyprinus carpio, #| B.2}3]4] Danio rerio,
Gasterosteus aculeatus S} 90% W £]¢] AFEAS el
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Fig. 2. Plasma cortisol, glucose and albumin plasmatic levels(mean
+ SD) in Korean rockfish, Sebastes schlegeli. * Significantly differ-
ent (P< 0.05). ™Not significant (P> 0.05). a Cortisol, b: Glucose and
c¢: Albumin.

21} (http://blast.ncbi.nim.nih.gov/Blast.cgi).

4. REA HareA

1) Basal levels

A A3 A& A 93 E 7 obbi] £22 GR
MRNA7} o] M3 == A3 Bt (Fig. 4a). A2 2ol
2] GR MRNA aleke of7ulel ] ralere] of guj ol
4 W okola, ko] AT vlwahH of v Ax= o

wol Hd Aoz vepgrh oz w2 dAFE B

1 TGTGCTGGGAGGAATGACTGCATCATTGATAAGATCCGGAGGAAGAACTGTCCAGCCTGC
CAGRNDO CTITIDZE KTIRTZREKNTCTPALC
61 CGCTTCAGGAAATGTCTTAAAGCCGGGATGAACTTGGAAGCGAGGAAACACAAGAAGCTG
RFRKCLZ XAGMMNTLEA ARIEKIEHEEKTZKTL
121 ACCAAGATGAAAGGGGTCCAGCAGAGCAACCCGCCCAAGCCCCCAAGCATCATGCCTGTT
T XMKGVQQSNPPEKTPPSIMMEPYV
181 CCAGTCATCCCCAGGCCCATGCCCCAACTCGTGCCCACCATGCTGTCCGTGCTCAAGGCC
PVIPRPMPQLV?PTMLSVLZEKA
241  ATCGAGCCAGAGGTCATCTACTCGGGCTACGACAGCACGCTGCCCGACACCTCCTCGCGG
I EpPEVIYSGYDSTTLPDTSSR
301 CTCATGAGCACTCTCAACAGGCTGGGGGGACAGCAGGTCATCTCTGCAGTCAAGTGGGCC
LMSTLUNRLGGQQVISAVEKTWEWA
361 AAGTCACTGCCAGGCTTCCGCAACCTGCACCTGGATGACCAGATGACATTGCTGCAGTGC
K S$SLPGFRNLHLTDDO QMTTLTLQC
421 TCCTGGCTCTTCCTCATGTCCTTCAGTCTCGGTTGGAGGTCGTATGAGCAGTGCAACGGT
SWLFLMSTFSILGWRSYZEQ QCNG
481 AGCATGTTCTGCTTCGCCCCTGATCTCGTCATCAACAAAGAGCGTATGAAGCTGCCCTTC
S MFCPFAPDILVINEKERMMEKTLTPTF
541 ATGACCGACCAGTGCGAGCAGATGCTGAAGATCTGTAATGAGTTCGTCAGACTGCAGGTT
M TDOQCEQMLZE KXTICNETFVRTILQOQUV
601 TCCCACGACGAG
S H DE

Fig. 3. Partial sequence of Korean rockfish, Sebastes schlegeli glu-
cocorticoid receptor mRNA.
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) 2728 Aol clrlulo] w)s] of 76w, 7bo] wla] oF 6
o e waleke molo
2)

A2 20| IF= GR mRNAQ| 35}

Z3] &l A GRMRNA®] zt3} of7fm]of| Al 2] h&d a2
28l =28 A5 da2Te nmste] foHos s
9t} (P<0.05) (Fig. 4b, c). 7+] GR mRNA®] -3l cpa}o
zToh ulmshe] o)l AholE oW 2 ol Z7}
ste] 2412 IR §AEHEI) 6417 o] o= et
Hlaste] 12 o4 freldos FAS ebge nln
(P<0.05). ¥hg op7lmlel M & 259 whacfe] iz
o} vlwsle] 4] ez FANA ZHIGEI} 247
FRHE Yx7 $Eez HEHE A% JepiAd
(P<0.05).

o

£ 4= glekar Bars]e] giA]uk(Wysocki et al., 2007)

B AN e fhoz AT 5 9l Foldt g B
WSk TRt A7 Aleprh AgESE %

HEFFE slo] A3t Heolg 3 A=Y =rbe

o] A3} B HRS AFsied HT Avtagont
WAL AT 2 A9AQ 280] Bolrha glo] ol
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Fig. 4. Basa levels and glucocorticoid receptor mRNA relative ex-
pressions in Korean rockfish, Sebastes schlegeli. * Significantly diffe-
rent (P< 0.05). ™Not significant (P> 0.05). a: Basal levels, b: relative
GR mRNA expression in liver, c: relative GR mRNA expression in
gills.

o] A7 2ol F7AAH kule = (Wysocki and Ladich,
2005), A=oll = of Foll Al Wiv] AEHA vk EEd
o7 4 9lg Ao= AmF

Qb oz Hbst Hie 2Eel2z ds) ¥ ozt
275E Fokl AL AtA: i & AT (Hur
et al., 2001; Ortuno et al. 2001). ¥ A132 Raband et al.
(2003)¢] gilthead sea breamel] 423} AH2]o] mjx|= of
3} o3, Barcellos et al. (2003)2] $-Zo]Fol w2 FA X~
Ef 27t 7 jundiae] RIAE QFF 52 B A ol
FA AEH A} AEH AL FFHe e 7] okoli]
A vlaE oFARE 0|9} o] thefit AEH A AFSte)
A FrelA el Apels BolA] ool E A@AI S} wF 2

|27} Z=a|g8te] S=2E1} GR receptore| &540f| O|X|= Ask 153

& B3IEh MCHCE & 7he] A7 stel Eo ol Hb
o) W3- mt HD) B FHYEE Uehit A moln]
YoM Fo4E BolA gk

£ o 2ol WHg3}e] Z7HE o1 7e) @

]
Z7184E Hol: Zo=z odyx ¢lomn (Espelid et al.,
1996; Bonga, 1997), 2 Alde| A= cortisolo] FA3H] =
7B Aoz Hol &g AEYH AV} offolA FA AE
Hirz o3AA 4 glvkxm Mol ok =3 Ortuno et al.
(2001)2] B3o) wpzml FA sEeze] o5 F7bE @
Zb cortisol ] FxE BE 6~24A7 F 3EFohy oy
A olerm 2 ANME el xF ¥ 247 FHE] A
3 =8 Al 12A7F E71%] 84 cortisol &) =7} 270.3
+15.7ngmL2 2T $Fo2 Holx|x] ke Aoz B
of Aol &3 AEFH A ko] 12X7F el z2E
SFMe) 3% HA) ke Aoz nef Ak
g3} glucoses A~E#H 2 A] cortisol 7 22 AL S

74 glucose?] sxi= cortisol 2} B| 53 A 8ke Belm
A FZEAM F2) 3 2fol g B (P<0.05). =3k ~E
= o2 ¥ glucosest A cortisol E2 2E
W FA whaA Frlete 47t 1 29 a2
7202 3557 (Ortuno et al., 2001) & Al§-> Zk
FR37] Wil 328 $F0 3T E & 5 9l

R
D
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Raband et al. (2003)¢)] ¢)sbH A dbuming A|z2]
o while] wFdow 7 AE-E AFAZIAG uh Al
Aske AR 71ee Saste dbuming] it 2
o) v AA o) g ool o] w3 Aeend
Agrk 9 5 ntm Baskgch s ® A6
albumin®] Aol = f-2]Ae] 1%l Keum et al. (2005)
2] Bisphenol A7} z3]E-=2te] golol] m]2)= oJ3F ATl
A= adbuming 1.0~11g/dLe] Hez B A3} Folxl
AEHAE A AA FARE S e gl

Glucocorticoids= o7 z=¢l &A1st AFExA, dglu-
cose A 58 F= 9L 3l (Greenwood et al., 2003;
Prunet et al., 2006), 2~ E & 2ol HE-g-ste] PAFHT, ~EF)
2 vhIHY, 53] e Ael A3 AN Fa
3t 9&-¢ 3o} (Mommsen, 1999). 7 Z-o] FojlA GR mRNA
Ao A3 52 A7 F7He A cortisol F=7}
GR mRNA ¢} up-regulationgte}sr B w735kd e} (Milligan,
2003; Sathiyaa and Vijayan 2003). GR mRNA:= o2& 7=
o] ol A= clone® o] glx]= (Greenwood et al., 2003;
Acerete et al., 2007) slj Aol gl 23] B2l A= o}3] 9o}

=3 S FAISHEYl 223 GRmMRNAYE gwp
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LS EAE dobry] 918 AgE A=, o] Hof
oA A7t kelA xRl Fapeiel FA | Feiel 22
deidt ofFellA= 21 o] A 2A oA GR mRNAZ2|
Wl eke] AA3] 2 oz Barse|qlx|3k(Singer etal.,
2007; Vazzana et al., 2008) s Ako] 2 A48 B AlgorM=
A3t AN zelA B 2o wsle] wo] WHN: At
= ®9v}(Fig. 8a). H. burtoniel A= GR mRNA: A1}
7k, #A e A wo] W 3}e] (Greenwood et al., 2003) z2]n}
o g2 LS W ol 24 226 ot ¥4
cortisol 2] sensitivity7} ©}27] wj&<el 7oz HWlg

z3) 82| 4] GRMRNAS] 743} olrlulelAj o] kel ape
agol x2F AF BTl vlwste] fo)os Zts
gdek. 2ol A12] GRMRNAS] MRPE 8ol w38 F
207 A AxTsh vlamstel folHel Aol wolv]
20 o] Z7H5E 6412k ol Fol B =T9) u]male]
U2 o4 felmos doble nelnh Aeed w3d
) Fol ¥ 7k Melehr} cortisole] 647} Fol FA3}
Al 7k A= A=-dsted plasma cortisolzke] A7 <14

B2 (Vijayan et al., 2003) GR mRNA 9] AE A
indicator === biomaker= A}4-2 4 9lotx A=} vt
ol eF A waee] izl wale] )
Aez =27 Z7ESt 2407 FRHE dE2E SEo
= 3uss A9E v,

AA7EA] GR mRNA f7|Ade] w3zl F52 g5t
el olmz B A e vs BEHel d7xde]
ek #jAE o] Fell gt A Aolmz oJejE zton, 3
F 2EHY A ko] At Aol AHEE 5 UE Ao
Na=21=1

AL A
o] =& lstdista w A7) Aol o] A7

ol g 2 3
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