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AL ZZ=T HXIE Cochlodinium polykrikoides 0| =EA|F =& AlZHo| [

= g7E LY

S 4E8 285 ¥3 AEH A XE X ZNYH HolS Hln EARIQIC thETE XS
+2 ARSI D, MHETE C polykrikoides LE=E 5500+200 cells/ml2 AHsIGICt 1 ZDt,
HE52 HZ =& 1M Ol BX= M LF SAIZH O|Lf T HARSICE d2ety g9
S 2N Zu #52 HZX F £ 85 Glucose 57t Zaston, 5 Gor &% GPT
SEE S7BIRL, EF SOD 5= 281, CAT 8 GPx s=& S710ts 382 2Lt
HXle HZx =F £ €% Cortisol X GOT, GPT 527t 71511, EF Glucose =& HZE
=E AIZY Bt 0|2 ZASIACH, BF SOD, CAT, GPx SE= =& 1AIZHY st

O|= B7ttQCt. RASHY 24 At &Eut gX|Q| op7tojof FARKQl &40| LMSHAC
ZEXMOR 5500 cells/ml REO| C polykrikoides BE &2 FAIM TE1F XI0IA Atzt
N AEY AR FE810] ML it o] 7|2 gdststn, 2t ofrtolel S WA
7l A2 R LtEHRCH

N g I

The present study investigated the survival rate, respiration rate, plasma stress index,
and histological changes according to exposure time of cultured red seabream (Pagrus
major) and olive flounder (Paralichthys olivaceus) exposed to Cochlodinium polykrikoides
red tide. Fish cultured in natural seawater were used as the control group. Cochlodinium
polykrikoides density was set to 5500+200 cells- ml" in the experimental groups. All red
seabreams died within 1 hour of exposure to red tide, whereas all olive flounders died
within 5 hours of exposure. Analysis of physiological response revealed that in red
seabream, plasma glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), catalase (CAT), and glutathione peroxidase (GPx) concentrations were increased;
plasma glucose and superoxide dismutase (SOD) concentration were decreased. Meanwhile,
in olive flounders, plasma cortisol, GOT, and GPT concentrations were increased; plasma
glucose concentrations were increased during the first hour of exposure, followed by
decrease after 5 hours; and plasma SOD, CAT, and GPx concentrations decreased during
the first hour of exposure. Histological analysis revealed structural damage to the gills of
both red seabream and olive flounder. In conclusion, the exposure of red seabream and
olive flounder to Cochlodinium polykrikoides red tide at the density of 5,500 cells - ml”!
induces oxidative stress, which activates antioxidant defense mechanisms, ultimately leading
to liver and gill damage.

Keywords: Cochlodinium polykrikoides, Physiological response(3§2|X Ht3), Red tide
(B =), Reactive oxygen(Z4At2), Survival rate(MZ8)
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DEAOH(Lim et al, 2020), O|F R2|Lf2t 4t
MAIZI ol MEME T2 Cochlodinium polykrikoides, Karenia
sp. 12|21 Karenia mikimotoi 0| ULt OIF C polykrikoidesOl|
o3t MAs 2Lt #ot ofL2t Y&, FLCt Leo[AloF &
H MAMe=zZ &3stD QL (Yuki and Yoshimatsu, 1989; Whyte
et al, 2001), FLHOIM= 199330 Z[XZ C polykrikoides HZ
ms7h LSt |2 1995 7649, 2003 21599, 20134
2479 fTiot 2R 48 LdAZon, Aot 2R
g% R o HIEQ REIF XEEQ
2 7% F1 QUCHKim et al, 20013;
Lim et al, 202 , 2021). C polykrikoides M2 ZHX 1|
7b @Sk | HZx OfFE, 2 3 HoQp BEE AHFol T8
Mol iFE0, B2 AFTSERY HE Yl J|ZKim et al,
2001c; Lee et al, 2001), HEAMEO| M| MEf(Kim et al, 2001b;
Oh et al, 2006; Kim et al, 2007), A= m|sf ofj&t S CHXH(Choi et
al, 1998, Sohn, 2005) & CHYet A7t LD Q= HFOICE
C polykrikoides= Z0| 20~30 ym, =

871l o[stel Hols F St EXfets F
0|, 0|7 HAIE RYdts EHQ MEMWE F0|CHLee, 199%).
C polykrikoides BEE Hdst= OfF2 HA 22l ! HALE
o=z Ofefet AFS0[ 2 L Lee (1996) HZEME
MM S 2H|Sts FUYE £ Op/t0|et AFEQl &
7tamgt 53 Xd Kim et al. (2000b)E HEMEZ LEO|
ot7toje o2 HE0| 20iSHs Na*/K*-ATPase S¢ EHAHEH
(carbonic anhydrase)2| &4 AXE 3t 7tanst
Qlot Az LAER S pH L4, Kim et al. 2001a)2 A&
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1. 489

O HEEY 2241 am, HIE 24533 g)2 42 SGAl 6l
MR, HXI(HE 2641 cm, MF 20522 g ME 2= &
MUMTOM A T2 JIHE 7Yl Hofjsitoi s ME
ASAZ £481 S £2 240:05CHA 2FY S0 &X|3}0]
M0 AFRSIACE =X|7|Z7 SO Mol MYUE Ep EAAIR

(eil feed Co, Korea)E 1¢ 13| PHEO 2 5t/ AHAE ©
24A|120 SO HAANZ = HHO| AL

CHE ORI U EES 5

N

=

N MAMEL P BY ASAOIN Ralsio] FBSATSE

[== B |
OlM EFSt U= C polykrikoides (NIFS CPO0T)E HILSI0] Af
=F=

83 ALt T= A =E MBS, HdETo HxdE
C polykrikoides BE£ 5500£200 cells/ml 2 HHSIAUCE M
ZE 100 ¢ ¥Y OFE =2 E A8, BEE 2 70t
HXl= =22 100124 =830 UHSIRACE. M7 ¢
21t DOE Zt 240+£05°C X 63£10 mg/I2 FX|SHRACE AHHOf
ol AERA BE2E, Sitg B4 B G RESHA HolE H|u
ZALSE| QI8 HHINAl Al(initial), '=Z 1AIZE 3A1ZE, 3L SA|ZHRY
of M= (sampling)StA M, HE0{7t HALE 2L F7HE ME
Y HASIACL o2 HAEES RYSHE YAt =
SOt ST HEf7E 2SI HALR 2HFSIACE 2EE
12 S HH0lQ op7in| HIE |tz FFRH, 2E
Q2 Hd 30124 =E30 2t JHHotch 39 FHEs =
EBoS AHESIAUTE Y ™07 BF HAR 42 e
SAIZETHR| DstQin, 2 HtEo 2 HA|SHRIC

2O 1 miA AHHSEACE Aot A2 Yl Z2((8000 RPM,
10 min, 4°C) & €82 =232, B4 FIA| -70°CO A E 2ot
UL,

YF cortisol (FIA-1887, DRG, USA)It gHAtst 2 &40l Super
oxide dismutase (SOD, CSB-E15929Fh, Cusabio biotech, Chaina),
Catalase (CAT, CSB-E15928Fh, Cusabio biotech, Chaina), Gluta-
thione peroxidase (GPx, CSB-E15930Fh, Cusabio biotech, Chaina)=
ELISA kitE AHZ5t0] Dol a2t EA5ERAL, microplate reader
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Fig. 1. Effect of exposure to C polykrikoides on survival and respiration rates among Red seabream Pagrus major. These data represent
mean = SEM (n=3). *indicates statistically significant differences between groups (p<0.05).

(sunrise, Tecan, Swizerland)2 450 nmOA| SZEE Z=H8}0]
Magellan (v17.2, Tecan, Swizerland)2 2 Z1t gt HAHStALCE

A Glucose, Glutamic oxaloacetic transaminase (GOT) 12|
1 Glutamic pyruvate transaminase (GPT)= At U2 A 7|(DRI-
CHEM 4000, Fuji film Co, Japan)2t DRI-CHEM slide (Fuji film Co,
Japan)E A3 F7HSHRACL.

|ﬂ|£
St

S
Homx

HZME LE0 ME of7tojet mEo| HHEE TS|
= H0{9| Ot/tO|QF m& U
220 2HS Z paraffinQE ZE

microtome (RM 2135, Leica, Germany)S 0|83} 5 ymZ
QUL BHE H-E (hematoxylin-eosin) @M o2 CHH| &
Zst5i0| 4 (BX50, Olympus, Japan) 22 =X AME|E 2
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5. &4 Az

OE 4N 32 B+ BEQANE LEHD, &4 X2l SPSS
statistics program (v19.0)2 AFESH0 ZEHQI ttestet LR 4
24 (one-way ANOVA) = Tukey test2 72|42 ABSHACHp<
0.05).

7= A2 SO HAZL LR oL}, METE &
Z A7t O|Lff M2k H|AtstRICE A
1460+29/—-—01|)\‘| TE 020 648+37/222 MIIA|7|LCt

0I817 ZABH9ACHp<005, Fg. 1)
2) AEHA B U PMI} BA 2N

MHINA 7] ©F Glucose, GOT, GPT, SOD, CAT U GPx &&=
2t2} 633479 mg/dl, 15.7+2.0 U/l, 7.3+0.3 U/, 1819164 ng/ml,
457436 U/ml % 149.9+7.9 U/mIZ L}EFGICE

)\EE."A H}OO |:l)\-||_|. :l‘||- K-IXAH% _"I:E 30_,_};” [Hx:l.l.g|.
AHETo HE glucose =& 7932123 X 39591 mg/diE2 &
0N RolotA ZAastRn, EF GOT sk= 163+12 3
26.8+1.8 U/mZ HYTOAM RSHA F7H5tATHp<0.05, Fig. 2).
HZ GPT 55& 2 77+09 U 90404 U/mIZ B8t A
ECKp>0.05, Fig. 2).

‘c‘>‘|-A|-§|. §_i H|_|—22 _E_M‘o'} 74 S 305_};(H [Hx:rl.

oF HgFo| €% SOD & 260 S 21304215 mg
/mIS2 *E'od%ow UASHE 482 B0, E5 CAT sk
439+47 A 459465 U/ml, GPx SE== 14544259 & 1725+
112 U/mISE 0N F7I5t= 2 RCHp>0.05, Fig. 3).
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Fig. 2. Effects of exposure to C polykrikoides on plasma Glucose,
GOT, and GPT among Red seabream Pagrus major. Thees data
represent mean + SEM (n=3). *indicates statistically significant dif-
ferences between groups (p<0.05).

2. HXME F0| FAMLM EX|of OjX|= T

1) MEg8 U 35+

OET= HE7|7t SO WAZ) LABIX] AgCLE, HEME
TLETE LE SAIZE O|Lf M HAISIRICH MO 28+
HEINAl Al 993+33/20M =& 302M 507+18/2, =& 14|
W 57.0+4.1/2, =F 2M7W 526+89/222 ROGHA Za
S0 == AW 745+50/%, = SAIZHH 927+07/222
HEWA| Al +FELE 2|5 CHp<0.05, Fig. 5).

oN
ot
o
N
e
o

bt
02
=
>
Ho
oX

300 1 e Control group

= Exposed group

250 4 l
200 A

150

SOD (ng/ml)

100

50

100 4

|
|1
I
|

o]
o

[0}
o

CAT (U/ml)
5
o
L,

n
o

200 1

150 4 T

100 A

GPx (U/ml)

50

Initial (0)
Exposure duration (h)
Fig. 3. Effects of exposure to C polykrikoides on plasma SOD,

CAT, and GPx among Red seabream Pagrus major. Thees data
represent mean + SEM (n=3).

EgA "t 5l SHiet 54 2M
7HAI7| HZ Cortisol, Glucose, GOT, GPT, SOD, CAT X GPx

5 3 Cortisol
SZE == 1AW 250494 % 350.1+36.1 ng/ml L= 3A7t
M 18152 % 280241094 ng/ml, ‘=& SAI7HHY 209452
5510 ng/mI2E L& 1AIZHN HEFOIM ROISHA =2 e
D (p<0.05), BF Glucose == & 1AIZIH 240+49 X 1370
+428 mg/d|, ‘= 3A|ZHY 227429 S 37.3£184 mg/dl, =&
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SAIZHR 30040 % 35 mg/dIRE =& TAIZYEH 3AIZHY Sitet g4 HHES Ao A tizTet deol €8 soD
T PN 52 S EQCHp>005). 85 GOT 55 s&& & 1A7HY 2 16084256 X 9554490 mg/ml, =&

1

TE 1AIZ 213407 S 317499 U/ml, =Z 3AIZHRY 23787 3AIZHN 761175 2 1269+486 mg/m|, =F SA|ZHH 1053+66
% 13674601 U/ml| == SAIZHRY 280496 X 1065 U/mISZ 21027 mg/mISE == 1AIZHHS} SAIZHOl= ASToM W
TE TAZHHRE SAZHYTIR] HE0N =2 dYS 2/ 1, L Ao HETFM 22 dTE 2R 10(p>005), &
(p>005), B3 GPT s & 1AM 7006 H 203+27 U/ T CAT s =F 1AW 545293 % 366+115 U/ml, =&
ml, =& 3AIZH 83+19 U 5374299 U/ml, =& SAIZHY 6.0+ SAIZEM 400479 X 3594117 U/ml, =& SAIZHY 377437 &
06 X 290 UmICE =& 1AW hEFECE A0 {2 302 UmIZ & 1AZIEE T SAIZIIR] AErolN H2
St =H LHEHGCH(p<0.05, Fig. 6). AYS EUOH(p>005), €5 GPx == = 1AW 1387+
209 741192 U/ml, '=& 3AIZHR 12734323 & 12314391 U
/ml, .= Z SA|ZH 1055466 X 1033 U/mIZ =& 1AIZIEE
TE SAIZHR] e 22 dEE EACHp>005, Fig. 7).
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Fig. 5. Effect of exposure to C polykrikoides on survival and respiration rates among Olive flounder Paralichthys olivaceus. These data
represent mean = SEM (n=3). The different letters indicate statistically significant differences between groups (p<0.05).
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22 MMEEEY) oL #E W FX 22 RE4EEY)
OZ0M B2 A XAt AlZKThreshold lethal time)at =2 HAL
22 20 2 A+ Aot YX|SIRACHKIM et al, 2000a, 2000b;

Lee et al, 2003).

07O zget A AHlE =2, 3F7| R AEYA S O
st 21010] ofs Y2 EO M (Barton and Schreck, 1987 Brett
and Glass, 1973; Withey and Saunders, 1973), 830| 87ts5% =
Fo| &4 Hate o|F0|AH Salst iEEﬂii K*ROFW OiAt =
oY, =5 A A HAE Bt & A
(So et al, 2008; Lee et al, 2008). C po/y/(r//(O/a’es ME L2325
0| AEA 0| chst O ATFOIM C polykrikoides BE BE
% oE AT QEXNOE HEQ TEFT LAGHH 2 Aot
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Fig. 8. Photomicrographs of histological sections of gill and skin in
Olive flounder Paralichthys olivaceus exposed to C polykrikoides.
x400. A, Gill (Initial); B, Gill (post-exposure); C, Skin (Initial); D, Skin
(post-exposure). Arrow: Cochlodinum polykrikoides.

(<] OI'Ef(Shin et al, 2019). &, C polykrikoides
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krikoides & L E0]| [H2 Of7t0|Q] LXK £40| &

Kim et al. (1999, 2000b)2 C polykrikoides?} ‘84t

ATt opztolel xH . 7|58 XMIE FET “:f

Shim et al. (2009)2 O E 5000 cells/ml &

koides H 70| =& E F|X|Q| of7tOof fLERH QI

oM, 0|8 C polykrikoides2| HAUE Oil o|st 7|74|x ol g

A|—)\ Xl.l:|—0" Olo}. pae:] OE

- oo
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OJ-|_|. AXM™Moz oimo| 9

MO 77t Bag Ao

o
—IJJ_.."'J

ot 1X18 Q1 BEE O 2 FII5H= Cortisol (Mommsen et al, 1999)1}
| H

2KpE Ol HEZO 2 ZHo| A EEEo| AMEHd(gluconeogenesis)=
B38| $715l= Glucose SO| R{CHDavis and Parker, 1990). 1 2|0f
ZH MzZo| &40 Qs E7t5H= ofo| k7| T 0|2 A(GOT, GPT)E
OfFol AEYA X|HEE 0|81 AUCHHuang and Chen, 2002
Kim et al, 2018). & 04-?01IA1 HE d¥Ts HZ F 302W
of EF Glucose?t Z23tAL, BF GOTR GPT= S7ISHRAL

HA| M¥TO| HF cortisol 5EE L& TALNMRE S7HY
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2 281900, 85 GOTY GPTE =2

M Cochlodinium polykrikoides ‘= Z0| HE AAL EE0r GX|o| M2ty g3 177

RUCh MZx 0| MHE
=& Kim et al. 2000a)2 C polykrikoides &
CEO o3t AER A HZOR HEO HE
7tStRICt D 2SR, Kim et al. (2018)2
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and Nakagawa 2003; Madeira et al, 2013). & AFO|N &=
E 0EM HETEL d¥T0 €8 SOD &7t HAstn
e L& A1 =20 Ao € SoD, CAT

SZIt Aadtes AYS EACL Rol8t X0l UULCE Shin et
al. (2019)2 &2 3,000 cells/ml 20| C polykrikoides HZE0|
EEAZ AL, =F 24AZR0)| of7t0| =Z| L SOD, CAT, GPx
% glutathione reductase (GR)Q| &40| Fol8H B7t5tASLY,
NZE L E 3AWILR| SOD, CAT X GPx 2 [ola Hats
EO|X| GO 2 Aot RARSE ANE ERALCE W2tM C poly-
krikoides FZ& &0 o3t 0172 H2&tN Btg2 Hx & U
I QAIZH) ek AO|E HOl= ARE HOX|H, 2 AT
5500 cel/ml Lo Mx &2 HsEdt XA Matd AE

3

[=]
AR X80, ML MAE ZMA ZEA B HAHE Q5 =B

Ol &2 | 5,500 cel/ml ZE MZX LZ0| &&
3 GROA AMBHH AERAZ ZEE0], MU B Aa
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