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Physiological Characteristics of Olive Flounder (Paralichthys olivaceus) and Korean Rockfish (Sebastes
schlegelii) According to the Concentration of Suspended Load by Ha-Jeong Son, Kwang-Min Choi,
Gyoungsik Kang, Won-Sik Woo, Kyung-Ho Kim, Min Yong Sohn, Min-Soo Joo' and Chan-Il Park™ (Department of
Marine Biology Aquaculture and Life Sciences/Marine Bio-Education & Research Center, College of Marine Science,
Gyeongsang National University, Tongyeong 53064, Republic of Korea; 'East Sea Fisheries Research Institute, National
Institute of Fisheries Science, Gangneung-si 25435, Republic of Korea)

ABSTRACT

After exposing Olive flounder and Korean rockfish to the concentration ranges of

control (0 mg/L), 100 mg/L, 250 mg/L, 500 mg/L, and 1,000 mg/L, to investigate the physiological
properties of suspended load on fish AST/GOT, ALT/GPT, ALP and cortisol were analyzed. As a result
of the analysis, the AST/GOT, ALT/GPT, ALP and cortisol values were higher in the suspended load
concentration section than in the control group. After artificial infection with S. parauberis for Olive
flounder and V. harveyi for Korean rockfish exposed to suspended load, the survival rate was higher in
the control group than in the suspended load concentration section. These results are related to the
previously study results of suspended load that adversely affect fish, suggesting that suspended load

affects the health of fish.
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Park, 2011), olt} WS R5AHe 4 FE02 ve
22 AR (YA 22 63 um ©]3F YF 2 AEQ} HE)Q R
fras Oty ole olFfY optn] 2AE HIAA AiFH
= WastAY YR E A Al Foll o5 A %‘E‘-I/\l?lﬂ
= 3tch(Baba et al., 2006; Shin et al., 2008). E3t B SA7F =
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AeAlol H32 FE v|X]A drh(Haney et al., 1992). ©|F
% Felr|eo] WAl et Pk © At HIARIE F53
of BARE Qg AYefA ot ZA7F fF= L, 1o whet sk
g nAe FF=E AAZIL et o8 T += 9= 4
T BE5 AAolth. AF7HA] FfAatel Qg sfFlES] 4
F ATE AT A, oAFY Hol AE LE AL o F A&
e So] AP QAT (Maeng ef al., 2021) F-{Abo]| =25
o] 79| et WA EHAHE HIe} AEY A T 2R

WSS sjorst ATl mug Byt ohet Fujck 7 X

ol& Q3 Wiz=r}t gt FERt WIS ¢7| ofEe dAolth
(Waters, 1995; Mohammed et al., 2009).

ol Ao m=H Y E F olTHA He T2 &
SA v R A=l 2A BEEsHA] = HHE o] 5H Y
RO e ANYES AEHAS WA Hof AT
7} ofstE|x, AHE FAL] o] 2717HK] ek HaElojd Bt

Q1T (Popper et al., 2004).
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A o1Z2Ql || (Paralichthys olivaceus)®} 2382 (Sebastes
schlegeli)ye LR B{AL F=of mtE P& Wstet
cortisol M35 mofstarl, AR Aol ol F-HAE wA=
FEFE A5t Y3l dA o= Streptococcus parauberis (S.
parauberis), quig]-oﬂ Vibrio harveyi (V. harveyi)yg 9%+
GA7 = AELS Slsteir.

0
X

M=

EH
=

FRAL SE0f| M2 FAHER Hejel AEY A SEE HIL

1) &0 EH| & 2RALHE

Aole BAAdE TIAY A FAFe=RE AR
18.6+1.3cm, A5 48.1+2.2 g2l X< A3 18.2+0.8 cm,
As 76.8+1.4 gQl 2HESS AFHrol 200 L A44] 20
20°CollA] 253t X7 5 Aol ARE-SHET.

Ao AHEEE FAbe AEAR &7 % 63 um Ayte]
TE ST Aol ARgSHE e, ReA B S HE
=, 100 mg/L, 250 mg/L, 500 mg/L, 1,000 mg/LZ Y3=o] 4§
< Ysiginh. 4 A o) X9 2o S 4070414 &
2ohm, w2 A7) BALR R4 A7) 18] £ REE AHg 3
o AF 717 F Bl B 50% gl B A $4E
e

2) MEY 3 HHEL

H{AE ol Fol mX= @HE B4 cortisol H3HE &

Qst7] f13l 1,2,4,6,8,10, 1287 o] F2A= FA|9 29 &E

2 Z+Z+ 370X A1731e] Benzocain (Sigma, St. Louis, MO,
USA)O.2 m#she, A@skach A8 & HEeS 98 4C
WAAO| A overnightdF.aL, 25,000 rpmoll A 2087F YA 2]
sheich. 22 @S AR 248 cortisol 2AELE
o] Addol ARgSE7] A7HA] —80°Col Eastgict.

3 YEE 2
RRAP} o] vAE BAYES U] A5 AL
3184 7] (FUJI DRI-CHEM 4000i; Fuji, Japan)E ©]-8-3}

Ea)3t dH o2 HE glutamic-oxaloacetic acid transaminase

(ALT/GOT), glutamic-pyruvic acid transaminase (AST/GPT),
alkaline phosphatase (ALP)S 43} %t}

4) Cortisol £

H5AR7} o} ol v x| &= cortisol HSHE ER15}7] 3l Oxford
Biomedical Research cortisol kit (Oxford, Michigan, USA)E ©|
2319 protocol o] W2} cortisol B4 =3P}t

rts] Zebd EHE A 100 pLof| ethyl ether 1 mLE

=

7V8F4 L, vertexingdt ] 1587F —81°C ¥HEA|Zl & A A
o 2L e-tubed] A AETEZ7]|A e-tubed] HA7F =
T S0 gbA vtk AA7E B FUE e-tubeo]
100 pL @7}ste] 3143 3 343 89 10
ULE extraction buffer 990 pLﬂ- 37 2L e-tubeo] H323}
9L, vertexing3FH Tt 71 & 96-well plate®] standard 87§12} Al
Z (34 894 10 pL + extraction buffer 990 uL)& 50 L& £+
319131, conjugate A]9F2 50 uL F71et & Ao A 1A7F ¥k
3giet. ¥H-3}aL, wash buffer 200 pLE MEo] 019l plate
of 39 A7k F ul2 AA}E th3 TMB substrateS 150 pLA
A7ty on, AL 308 HHesl F | N HCIL d71st &
450 nmollA FFEE S35tk

extraction buffer<

5) SAIEM

HE AYS @Q"é% sl 3 ¥kE F3s, ®2E HolH
+ Fstqgch 18 71 $9)AL SPSS &

(SPSS Inc.)S ©]-&3l9] ANOVA testZ AA|5HS

/\]-3',‘— #4722 Duncan’s multiple range testE &3l p<0.05

A o Fo4o] U= AR HFSHAT.

Rl orlr

Al SE0| W2 WES

:10

SRAtoll '—"xlﬂ xujget =
AL A7) AR 1. (1)) @@01 ]
9 54 AZG A, A +Ai%} 0°C %29
2074314 7 430 BEST

2) @3 EH| % Ql9lEH

AAAEL 95 R Fo|d S. parauberis KSP281} V.
harveyi KCCM40866 & #4535
(A% 9E5%, 1.5%; BHIA, Difco)ol] =@ate] 27°Col|A] Hj
Fotgieh vk E & Ao B2 FYE =M A wig
skof Aol A8t (Choi ez al., 2009).

Hgate] 1329 =&A7] & &g =+, 100 mg/L, 250
mg/L, 500 mg/L, 1,000 mg/L 152 | B3 S. parauberis
(5% 10° CFU/fish)S Q7 dA7| 1, Zu&ee] Bt v,
harveyi (5 x 10° CFU/fish)E A 1Z-FAI ATt HLA4 2] %W 2
A3l JANTE F dpFel 1°CH 7hstaL, wfjd HA HAE
I3}t

Brain Heart Infusion Agar

2 oz

4

R sEE L0 ME EX EHYE Y

BoA el ko] 0 Jx|9] AST/GOTE 183} of
ZFoh BAE 25 7 fr994 AolE HolA] ey 293}
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Fig. 1. Serum (AST/GOT) changes in Paralichthys olivaceus for 12 days after exposure to suspended load.
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Fig. 2. Serum (ALT/GPT) changes in Paralichthys olivaceus for 12 days after exposure to suspended load.

o= g2FE 7|22 250 mg/L, 1,000 mg/L F7rol|A -2
oz 27l on, 44X o= 100 mg/Let 500 mg/L 74
Al FoH o g Frtsth 6YAtoll= 2ot BHAL 15 7t
9] oA Folg Ho|A ggken 8UA o= LFEQl 1,000
mg/L FHoA FolH oz Frlslgleh. 109219t 1294 ol
A 279 BG4 5 7He] R-o1F ZpolE Holx] Rttt
(Fig. 1).

Y9 ALT/GPTE: 14} 2TE 71202 100 mg/L3t
500 mg/LolA oA ez Frtstglom, 283 o= 250 mg/L,
500 mg/L, 1,000 mg/L 77+l A Fold oz Zrlslict. 443}
o 6YA ol = 2ot RAAL IF 7HY] F7olF] Apol & HolR]
ggrom §Uato= M =9l 500 mg/Le} 1,000 mg/L 74
A goldog Z7lsant 1093tE 500 mg/L F7HllA &
oHog FrlstRen, 1293l di2 et A 2F 7
o] fo]& Aol HolA| U3kTh(Fig. 2).

H29] ALPE 193} ti2F 2}t 100 mg/L, 500 mg/L,
1,000 mg/L A ZFA FoH o2 F7Hst ot 294+
Bl 6UATIA] 2ot FfrAl OF 7He FoAQ Aol B

o] gtth. I & gUAlo = tiRF R 1= 1,000 mg/L
aFA Aoz F716HaL, 1083 oll= t2FET 250
mg/Le} 500 mg/L 3ol A oA oz F7lshiet. 129t
£ 279 /A 25 719 A9 Aol 7h YephR] ok
t}(Fig. 3).

2. 2RA SEE 20| ME Z0|E

Hot =l 2o k2 2u]Ee9] AST/GOTE: 1Yk}
293 2R BA 1 E%oﬂxi FoHog Z7tet
Fom, 44xtoll= 250 mg/L 7+ AlQlstar, BE BFA ?L
ZrollA 2Rt foHeR F7sth 6Yatols di=

9} BOxL OF 7o) {9l 2po)lE Ho|x] kA 8°‘X]-
o= 100 mg/Le} 250 mg/L FZHolA foF o= Frbstdn

0YAAE T ETRT BE R4 2N GO

2 7185k AFER 12d3}e)E 2FET} 100 mg/Le}
500 mg/L FfAF FIOIA FOHoR ST AL WA 4
AT (Fig. 4).
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Fig. 3. Serum (ALP) changes in Paralichthys olivaceus for 12 days after exposure to suspended load.
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Fig. 4. Serum (AST/GOT) changes in Sebastes schiegelii for 12 days after exposure to suspended load.
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Fig. 5. Serum (ALT/GPT) changes in Sebastes schlegelii for 12 days after exposure to suspended load.

z1]22ho] ALT/GPTE 1U3}| tiRTLHT} BOA} 120 %2l 500 mg/Le} 1,000 mg/LE Agt FH{AF TFAA #9

A foF oz It on, 2dAellE 500 mg/L 7Ry 49 H OB JUkskloH, 10Ul 1,000 mg/LE A 9J7E F-RAt

Aol = 250 mg/L 7+ A3t BE FHAF FItollA] df 2t IFgAA FYHeR FrRsHAh AFER 1293 250

Hot fo8or F7ett 6ol 2ot BE FHA mg/L 7#7HE AL {4 2Fo] di2FRO foHes &
F el f9A2 AolE UetlA] gttt 8ol = s 7kt A& EAF 5 YAt (Fig. 5).



250
S 200

= a

2 c

g 150 ala 2 be
= a

8 byt b
S 100 ab

E a

é 50 a :[

2

Q

w2

1 day 2 days 4 days

Zujgerol Ma|stE S 257

e
e

6 days 8 days 10 days 12 days

Cont. # 100 mg/L  ®m250 mg/L. ™®500 mg/L == 1,000 mg/L

Fig. 6. Serum (GPT) changes in Sebastes schlegelii for 12 days after exposure to suspended load.
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Fig. 7. Cortisol changes in Paralichthys olivaceus for 12 days.

zojBete] ALPE 19340 2THT} 2 Al TFNA &
e Fkslglon 20l tEPe 24 1F 2
)22l Aol 8 Wolx] eslrh 1 F 4URel Tt
100 mg/L, 500 mg/L, 1,000 mg/L Z1Fol|A FeFo=z F718}
AL, 6Yztell= t2FET 1,000 mg/L 7S A et F-HA
T A Z71ekATh 8UAbellE 250 mg/Let 1,000 mg/L 73t
oA F7hstEen, 1043 o= 2E BHAF FbolA 2t
v} Z7lslgch wpRgte 2 1293tolls BgAF 77 F AP
W T2 100 mg/LE A|QJstar, e FFAF F7Ho|A =
TEt}h F71sl T (Fig. 6).

BH2A sEYH E0f @2 HX| cortisol M

ROl = Zo) IE YX|9 cortisol 2 H|A AH 2
710 143k} 29ate] e AYFolA #X7F wou, 4
AHE cortisolo] h2TFE ZIFE HE IFNA st A
= U 4= A%l 19AollE 25 7I€22 250 mg/L
9} 1,000 mg/L F-3AF ZFIA foFez Zrlsigon, 2d
ZH= 100 mg/L2t 1,000 mg/L F-4AF 1FofA fol8 o=z Z7t

StRTh 2 &t 279 BRAF 5 7HY] 722l Aol & Hol
x] o}um 6dxlo] 1FE2l 500 mg/Le}t 1,000 mg/LAIA 7t

T ARFEY 2927 dj2F¢F BiAF 25 Y] 9
Zd‘d 2o 5 Kol kTt (Fig. 7).

4. R s 20| W2 X0|E2 cortisol M

Ho} = 2ol w2 Y] cortisol- H|RZ A¥ =
712 192 ~4 47 o] HE AF A $27F 29keu, 6
AHRE cortisolo] PRTE Z3E BE TIFoA IHEE A
L Fgod 4= th 193 RIS 7|E0 2 122 500
mg/L2} 1,000 mg/L A} IEoIM R oz SRt on,
2UAEH 1097 = 2291 Aol & HolA] ggheh. whA]
goz AEEaY 12°E‘x}°ﬂ5 250 mg/L&} 1,000 mg/L 5-G-A}
IFIA ez 718t (Fig. 8).

RRASEE SE0 M2 EX|ot ZOlEE EE
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B B =E F AL ARER A WA o
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Fig. 9. Survival rate of Paralichthys olivaceus in 12 days.
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Fig. 10. Survival rate of Sebastes schlegelii in 12 days.

srout, 2vBehe 192 AT 1000 mgL TN 2
2 1A Sk om 203 e TRkeA 212t 171
2 S, 4kl 1000 mg/L T2NA 1A} s AL
A th(Fig. 9 and 10).

6. Q19U 5 Xt Xulat MES

FEAbll 4293 =2 AX X0 E8|E S. parauberis
(5x10°CFU/fish)E A48 E & 6YANMA = BE TFo|A
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Fig. 11. Paralichthys olivaceus survival rate after S. parauberis arti-
ficial infection.
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Fig. 12. Sebastes schlegelii survival rate after V. harveyi artificial
infection.

HARSHA] kgkont mpx|ut 7Uate) 250 mg/Lol A 1714, 1,000
mg/LoA] 37HA| 7} sl AkstA T (Fig. 11).
HGAo] 4L 22X 2O EZ | E8]|E V. harveyi

(5% 10° CFU/fish)E A E T 2dA7HAE BE J150A



HARSEA] Fgtout 3U3tol| 250 mg/LolA 1714, 1,000 mg/L
oA 371417} HASIE o1, 423}l 100 mg/LolA 171, 250
mg/LlA] 2704, 1,000 mg/Lol A 17047} HAFsHETE. 5 U=}
= tHEet 1,000 mg/LollA ZHzE 17HA14 HALstgom, 6
Aol diz272} 250 mg/LolA ZHzE 1704, 500 mg/Lol| A 274
Al, 1,000 mg/LolA 17§47} #AFsEleh. vRR|et 783 o)l = o
272} 100 mg/Lofl A ZH2F 1704, 250 mg/L3t 500 mg/Lof|A] 2
ZHA, 1,000 mg/Leoll A 170717} B AT (Fig. 12).

2

1

/A 5 53] 5~10 um B=9| vlAIRE A= olF A%
Lo 2 FF2 v Egt oyt (Chapman er al., 1987;
Chen and Malone, 1991) 2E#AE =2It}(Lake and Hinch,
1999; Sutherland et al., 2008; Awata et al., 2011). ©]&3t -
Al GF Qo= FR{AE 3L ASAA dEYokt obd
AR 2 fFeiEES S7H1Z 4 Slol (Chen et al., 2003)
FRARE s el R 9 o 4 Yk 53] o
77 LEER =2HUE O EHY FAHAR0] HEHA H
=, ol=et Y Aoz ofFo T AYA Ao +F
& Thotd 4~ lth(Khattak and Hafeez, 1996).

AST/GOT, ALT/GPT, ALPE ZZo|A A|E IA} & A 9
Fe] QlibEsl a4vt ddow JEshy] o] 7+ © Al
B7kske ol A== AEo|Th(Oost et al., 2003). &
4 JE2 Alx &40 A 1= Q= 2
AFE-E o) ATk (Oost et al., 2003). o|H Lo A Ho
329} 2u9E29] AST/GOT, ALT/GPT, ALPE &
o Z3e F ool BE faTun 2e
18] Lo]| A AST/GOT, ALT/GPT, ALP7} A%t

QI M RRATF 7 R A 4] GFL F Ao
ot AST/GOTY] 1 712 zuE2he] AFtHET P34
TollA o Ekon, ALT/GPTY] H1 g2 2u]E2to|
P 2|3 712 HX oA B =o4Th oA 1 E A &4
W AREekE olg Holtd), ol RZ3HEe| 9)
of Wo) BASIT} TE) ofRt ol3uR R
W9 24 o] Holglo] 9 Y, 27lol HepHE
S TR 5218 Wol7] the] (Jeon et al., 1995) A B
AR B4 gl gASHA] oot AlolE Hol= Ao g AZE

ok A 717 % HARE WAsh 2ulEee RaAt 81 2
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o that kS-S 7100 Hrgsh B8] GFL Fol
A RO ARSI ol AFRH olF BN FL QO

o, 35 HRALe] G B2 oprtu| 22 sH Ago] o
FojAof o] JLHT 4= Q1S At wtdrt.
CortisolZ oJF7} 2EHAE WA HY 1A 22 41734

SERA =0 TE x|t ZOE2e Ma|

oI

M Ed 259

o sl A3e wot Fekpnl Yesle sEos
dHA Utk (Mazeaud et al., 1977). QRHH 02 o]F= AEF
20 eEEIL, 0.5~1AF 39| 7H w2 FAE o, 54
AEF 20 3 F7HE cortisol®] FEE HE 6~24A7 F
3EHGT 4A Atk (Bonga, 1997; Ortuno et al., 2001). ©]
o FAISHA ol AN E BH{AL E & X9 &S
9] cortisol F=7F A 27]0) IF 7+ Y Aol Hol
o7t Ado] APEE I EE= A AT 5 Usien,
E3] g2 A F53 cortisol> A TS A3l AHEH &
FREHE QIR g4 2Ef A Fow wuH. 2uEY] A
£ A Ao A ET} cortisol Fhol H]aLA £9ko ™, cortisol
S% A% HE RS BAT 5 AR ol AXY ofF
ol gAjo] wjs) 2Rl o PUIH FAUFOR SFu
5 onaae] o ugdE Aoz AzEd. oW 4T 27
o} FARBHA 20 (Plecoglossus altivelis)©| F-HAFE =EA|
FZ 1 cortisolo] F7HEISITH= oA A7 AR (Awata
et al., 2011), ©]Hgt o] Ao} HEo] oyl A Aol A
= BEf{APE offell 2EHAE op7|A7le EEE AAMETH
FHAFEE b2 T AEEE 20EHEY YR A H &
=t ole PAZE A ool s 95l Bod &
gt ozt 7)) 528 BV ME 4 e AHE EA o
ol (Yoon and Park, 2011) F-F&E2 o] gt Wio| e AL
= BRE, 2re] 49 od ATIA TIE 110mel
oA ]9 9h-g-o] FAHU S (Yoon and Park, 2011) o] &
TFoA= TAE F2 WA BEfAF =52 s35H7] e
of 2uE2e] 35 ghgof Agto] glo] HAE IS AR &
TEHT ERA k2o dEQIYAE T HEES F ot B
T 7P 22 B4 52 770 1,000 mg/LoflA] W S
< H3Ah ol2gt A= B{APE 1R ] wek o Fe A
W A ofsrt ek o)A At AREw, ofrfujo] £
FAZE 74E A 2F-&0] FastA Hol JAAdE & A=l
FIFS UIA o7 23 R Ale] H 4 USE AARRIT
(Haney et al., 1992; Landberg, 1993; Kim et al., 2002). F-3-AF
2o E oF WY g A+E o|do] Uddaty
o} (Oreochromis niloticus)©| A9 lysozyme, IgM2] 57} 5-°]
Q1 31Ttk (Dominguez et al., 2004, 2005). SFA|FE o]H AL A
= U9 E T AEET FRIs] Hiol ERAPE AR A
x| v YT A WA FRAQ FFe &
A& & Yo, £ BfAl s & g 84 24
9 lysozyme, IgM 4] T the WHeH oA 7}
ol ololatke R4t wmEo] I )R W] o
T AL A7 2 5 9L Aol AHH2 o) 4TS F
& 29} o] o] R o] HHAXE(AST/GOT, ALT/GPT, ALP)
I} cortisol T2 FEFE n|HT= AL & 5 %o, E
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ZAEEN XY 4 L Ao R yztEh

2 o

H{AE ool ulRl= BEjghy B4 gotEr] {3 o
Z7(0 mg/L), 100 mg/L, 250 mg/L, 500 mg/L, 1,000 mg/L2l
& ke gA¢ 2uESS =EA17] & AST/GOT, ALT/
GPT, ALP¢} cortisol #4151t} £4] A1} R4 5= +
7+ Al AST/GOT, AL T/GPT, ALP9} cortisol Zko] &0l A
Hoh =74 vepgdth 23 &9 X ll= S. parauberis,
&= V. harveyis AXTEES o HE2EL F/A
T Pl EY di2ollA o =A eyt o3 A
ojMe] ATENE F-RFAE ofFel AFFS nFTh=
kel A=A, 7] A= HHAPE 9FE F=
© & AJAHET
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