Frolwsts]x] AU AIS (2020)
J. Fish Pathol., 33(1): 055~062

EE2IF2(Toltrazuril)2 0|28t MF=
olivaceus)2| HHEXISM

Zojl - dollx| - M2 - S

AFof sk PRI, HyY4aks)

www.ksfp.org
pISSN 1226-0819, eISSN 2233-5412
http://dx.doi.org/10.7847/jfp.2020.33.1.055

= X|(Paralichthys
&3S0l chst X2 AL
Ansl” - sraal” - mEw'

Therapeutic study of myxosporean emaciation disease of olive
flounder (Paralichthys olivaceus) in Jeju using toltrazuril
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In order to search candidates for the treatment of myxosporean emaciation disease of olive flounder,
Paralichthys olivaceus, in vitro and in vivo experiments were conducted using products such as
Coxi-stop, Coxiclin, and BLEANSO. In the case of Coxi-stop, whose major component is toltrazuril,
in vitro experiment using BF-2 cells showed a tendency of reducing the activity of myxosporea and
did not exhibit cytotoxicity such as cell lysis. In the in vivo activity measurements, the experimental
group immersed with Coxi-stop showed a lower cumulative mortality rate than the control group,
this result is similar to the previous report that toltrazuril has a therapeutic effect on parasitic fish
disease. This study suggests that toltrazuril is a potential candidate for the treatment of emaciation

disease of olive flounder.
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20179 5-E 20199 AREZIZAAE 71E 0
veke] Jx|Ay4keF F 58.8% (11,6602)7F AF=
oA A4kE o2 B E I th(Korean statistical
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B AF gxa gl A 20cm A3 =7]2] F X
Al BEARE Fo] 3 9 FAEY EF AT
i T TS Boltrt #HAL o228 AYF
o] W3l glom, 2016-2017 3ol = A FF X 7}
HARGE A1 F ALFol g FHATE 103%E 2+

A= B3 7F A ATHShim ef al., 2019). o] gk
o PEE o= dddA o B3 A7} kst
A WP E 3 OoW(Kim et al., 2011; Choi et al.,
2012; Sekiya et al., 2016; Kim et al., 2015a, 2015b,
2017; Kim and Jeong, 2018; Shin et al., 2018), Kim
et al. (2015a)° W2 T ol A LA3= AYF
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YJAAE B3 A3}, Parvicapsula sp. (accession
number: KT321705)2 &3t o] D& & 2
= PCR WS /ME39E 3, Kim et al. (2018)2
20149 FE 20153@7HA] AF= 607049 ¥ X] ¥
ARS Aoz ArAHQ JY= ZTUEHY
A8ty oY Fd GX 2 5Bl Parvicapsula sp.7}
A2 HEduds AS Hisid. =%,
Sekiya et al. (2016)° 2|3t Enteromyxum leeix
AYSd GAdA b HEHe AS FUAsA
o ey @A FlolA A sde fFddke A
HEzAZo] gk g g A5 el ik
A= FRIgE Aotk B Aol A= 1980 T
o Aa MEH A7A &, HA, bR, &
5o 71ASE AW A8 ;@%7} Ao, 53
FAEE okl A A ZAZ o3 FAFEF A
T 8 d 5208 o]gH e EEGFTHE
(Toltrazuril) (EMEA, 1998; Greif G, 2000; Joachim
et al., 2019; Kim et al., 2010; Maes et al., 2007,
Olsen et al., 2012; Vanparijs et al., 1989)2 A}-&3}
of YA HAEAF] ol Y% AReIE &
H7} Q1A o] Sl AW AP B
EfFd 2 HAgxAF] & T/RA FAF 4F
o Al i Z1AGA A Al 9] Al & = A A ]
Tt BIAFAA A FHAFUNE Lt A3
o FxHsLE doA AFS APEEHA s, %—g
ol TFIIBNA E&9] HA2E FESE FES
;}l‘— Z‘JEE &4 S th(Poultry Research, 2014).
EgFE e SAlo] 73 A A=A, Atgre] A H
Aoz HAT Aol ¥AEE U2 FE 3ol
(Ai et al., 2011), EU (European union)| A= & &l
sle  Huls & 7] F(Maximum residue limits,
MRLs)S Ao, FaE tigh 758
7122 e dgelth ey HZell oF dA el
BAsh= 78S A ABAZA HIbATF
£ T F UAEF APl A3 BAo] IPHI o
H(Hong et al., 2019), ©1X o] AFENA SEZF
d A&l of 7o 7ASA AW AsAZA a3
E HAta R 313} Th(Athanassopoulou et al.,
2009; Iglesias et al. 2002; Schmahl and Mehlhorn,
1988). 183 EEHFES FAHAROE 3l A
A== Coxi-stop (5% toltrazuril), Coxiclin (2.5%
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AYSdS Holm g AL BAska e
AFe &4 A FAF o 2R GX(H T A%
23.8402 cm, BT AF 104 + 14.1 g) 4578l &
gk &7]ef 109tg] o]t HEE vrol d
H, AFistal o sy &ol HZ]?‘P A3
o AT F2E 80 L ZetxE X0
60 LE frAet™ i &3k, 3715
FAoM F2L 15:05CE FA AT ZE
T2 Coxi-stop, Coxiclin, BLEANSO % thZF
(control group)2. 2 Yo, 2t OFS F 1078l &
sepef ) 270 FEE Uro] 43S IFsATh
Kim et al. 20152)9] WRHUZ Jg=4o] =
A F s5ukEE %‘Qi ’ﬂE—HUJ T AR 22 s
HE3tY, 95 AAAZ &R Parvicapsula
sp. B E. leei® -45_ <9 f5E PCR (Polymerase
chain reaction) W O Z HASIN L, F £/ &
Az 5 FEE e AL ST

o

e & —l> o 1
2 Ay BNk HO

F

Al

E AFoAeE EESFE o] ¥ Coxi-
stop (WooGene B&G. Co., Ltd), Coxiclin (WooGene
B&G. Co., Ltd) AlF3 G2 @Aol|A &34 o
AIE 2 AFEE A )= BLEANSO (T HAHA) Al
F NAAAZ AR 2 A @A A Sl
AR FF = o5 ZTH(Table ).

In vitro &0lIMe| AEXK F0

2 dTodA s ofFFsAEe HYxAFS
HolE &, AFAAE HITeAs o, Az ¥
slo} HxzarFol g A a3s AFstaa
stttk A, g F o] FelH dX o A
< A &3} 1% antibiotic-antimycotic (Gibco, BRL)
< %713t Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, USA)S. 2 M &3 & 5% fetal bo-

vine serum (FBS)3} 1% antibiotic-antimycotic= 3
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Table 1. Test formulation used in the experiment

Test

formulation Ingredient Content (1 L)
Toltrazuril 50 g
Sodium docusate 25 ¢g
. Sodium propionate 18 g
Coxi-stop Sodium benzoate 18 g
Simethicone 05¢g
Citric acid anhyous 4¢
Toltrazuril 25 g
Coxiclin  Triethanolamine 300 g

Polyetylene glycol suitable amount

Sodium chloride 0.79% >
Magnesium sulfate 0.54% >
Potassium sulfate 0.88% >
BLEANS80 Copper sulfate 0.11% >
Zinc sulfate 0.64% >
Manganese(Il) sulfate 1.80ppm >
Ferrous sulfate 33.92ppm >
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DMEM 5 mL¢] £} & petri dishell FiL
F AN 7 HAEZA o] FHEHES St
LB 1 mLA S 80% cell frequencyZ Hll
2] bluegill fin (BF-2) celldl]l &3l th AL
%<& H=3 Z7Fe] BF-2 celloll Coxi-stop, Coxi-
line Y © Z 100 pL, BLEAN80-S < © 2 200
LE ¥l 25CoA §EAIZ I, th 2ol ofd
PQAAE HFsHA Lskth AgAA HE £ 2
2, AR, 24X R o] A A A Fofol] mE Al
W3S BerAv|E s Tk BESIA
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In vivo &0|IX2] AIENIX Fof

In vivo 7oA AY 57 Xl gk Coxi-stop,
Coxiclin @ BLEANS0S] X5 &35 FA}staxt
stdar, 1 W 3 2k Parvicapsula sp.
g E. leeidl o]dte] HFA o= ZHH Zlo] &2l
B GAE 8719 80 L =0 27} supEly HEs
wolFdaL, 2789 27} 3 group©] H =5 &
ANEGAAE Fox 3+t Coxi-stop, Coxicline
Z+Zr 0.3 mL/L%, BLEANSO 0.6 mL/Le] =7}
HEF o8 YA tR2Todl= oH AFA
AE AgetA gt &2 1693 v 141

A YA AL, o] F BE AT vz &

DNA 22|

HARG H 2] &} drobd QA ZRE AR A
ZA-& &3l DNeasy Blood & Tissue Kit
(Qiagen, Hilden, Germany)E A}F-8-3}9 total DNA
£ Egstdth 1A 2 22 30 mgoll ATL buffer
180 uL %} proteinase K 20 pLE #7138k 56C ol A
zZ)o] H& w7hA] WA ZTh ¥ -, AL buf-
fer 200 uLE 492 U ethanol 200 uLE T3}
spin column®ll &7 6,000 x g (gravity)2 123+
Al Bt Columng MEZ-E tubeZ &3 &
AWI1 buffer?t AW2 buffer 500 pLE o] &3] A &
H}AH-E& AZF F, AE buffer 200 pLE 3 7}8+e] total
DNAE 228ttt 2" DNAE A3 A7HA
20Ce] RASATH

-
ofN
=i
o

A
B 2t HAAE AZE3t7] sk, Parvicapsula sp.
o] AZS 3 EM-F/R primer set (812 bp) & E.
leei®] 71Z&S 98 EL-F/R primer set (1,468 bp)S
747} ALg-5He] PCRG 21 A13F% ©.1 (Table 2), PCR
<2 microtube® 1 pM2] Zt primer, 2.5 mM9] Zt
dNTP, 10 x G-Taq Buffer, 2.5 U G-Taq DNA poly-
merase (Gene Pro Themal Cycler Cosmo, Korea) 2
template DNAZA] &9 4HS HI7MeE & dis-
tilled water2 PCR E%E2| #F volume®] 20 pL
7} EA] AT PCR 72 95C ol A 383t pre-
denaturationA] 21 &, 95 C o]l 4] 302 denaturation, 55
Coll A 30% annealing, 72°C ol 4] 30% extension2]
W&-S 1312 3ho, 353] whEsto] wgAIZ T 1
23 72°Coll A 783t post-extensionA ZATF PCR &
SE 2HE-E 1 x TAE buffers #7198 5S 913 &
FHo 2 3], 0.1 ul/mL SYBR ® Safe DNA gel
stain®] 7} 1% agarose gel A 279 53
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Table 2. PCR primers used in this study
. Oligonucleotide sequence .
Primer (5 to 3 direction) Expected size Target Reference
EM-F CAACCGCAATGTGTTTACTC . .
EM.R cc CAACCTGCCACAATG 812 bp Parvicapsula sp. Kim et al. (2015a)
EL-F GATGAAACTGCGAAGCGCTC 1468 b Ent leei in this stud
EL-R CACAAGTTGATGACTTGCGC 00 PP HCTOMyHR fect i
T, UV AZE71E ©]&3}9, ultraviolet 3ol A A= Se
He A A7 #EE AT < %

2 I

In vitro 20 AI&AAL] &1}
Zd dAx9] Aoz RE {ElAzl xR
%8 BF-2 celloll 291311, Coxi-stop, Coxiclin &
BLEANSOZ Tl 2722 Upro] Z4zhe] Al A4 ®)
E AZTS & A=t ddxAFo| WstE B}
Aok A @AA L} HAZAZS HIVeA] e =
Z

S UTHFig. 1A). AQAAE H7FstA & H A
EAST A AT HAzA=
o) §420] wl$ BWEA JERT, BE F 44
R FEE = BF-2 cell®] 2ol 2F¥ WH3laly)
A28 0 W (Fig. 1B), HE 5 24A10A o= &
GEAFe] §HYol Aent gass AFe O
#2a 4= 9l A th(data not shown). Coxicline %7}
& APT A, ADAA HFE 243 o] FHE
cell lysis &0l A2 7] Alztete] tfzo Hlst
o & MEFAo] AL, cell lysis 7 |
W7 HAEAF) FH o] Gadhs Zo] B
) YA t(Fig. 1D). Coxi-stop< Coxiclin®} v}7}4]
2 FHRe BEBFDo|AW, gl Aol <
sled Coxiclin®] £ 3 A7+ BHEA Coxi-stop-
EFE e shekAE HaL ISIH Coxi-stope 7} Fig. 1. Observation of BF-2 cell change at 2 h and 4
3 AFT A, AFAA HAF 2/ EH A h after inoculation of Coxi-stop, Coxiclin or BLEANSO0.
MEAZ=0] L2 A3} 4=y} 7FA3 ] A ZEe] HE Arrow, myxosporea; Arrow head, BF-2 cell lysis (A),
S 4N BFAEA rasls Ao] BEAHY T Normal BF-2 cell; (B), BF-2 cell inoculated by myx-

. s U_, S AE B Agx osporea isolated from emaciated olive flounder; (C),
(Fig. 1C), Coxiclin A 3= 2 HE ¥ 247 BF-2 cell inoculated by myxosporea and Coxi-stop; (D),

RZAE cell lysis o] BEAEA e AR BF-2 cell inoculated by myxosporea and Coxiclin; (E),
Hol Ao ALL3F T oA AETEAL AY BF-2 cell inoculated by myxosporea and BLEANSO.
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A% Aol WET} QAT HE F 44
7ol FRE YALAF §HYo] 2FH P
3|

PO Fig 1), A2 el
gol A¥ wFH Y

r (

In vivo MOl AIENMIAL &1t

T TR AYzAFo] B3 EE o
Aol 22 A @AAES Aeletds o gX]9
AL At FEFS FEA Lolry] 9
o, NGAAE 1687 MY k&3t LAYsH= 7
2 H S A3 TH(Table 3). Coxi-stop AH&
sto] oF&g Ao A9, Aol MYEE= 2t
oFS- oY Aol g miElek FHAG Ao E YERTEH
T3 BLEANSOS AR&-3te] oF8-3F A TollAl =
°FS- 3, 44 Aol 3mtE]7t HAFSIA AL 1 o] Foll =
HAZF dojur] eshth AFAA S A 2lshA &
2 izl E FEAFTS AREA 29 A FE
HAZF b 7] Al&ste] A3 73 53t 109k
= 6ue] 7} EAFSEATY. In vitro A oA A ES
4<S AW Coxicling AHES Aol A= 29
AEE HAZE dER] AR, A8 71T F
QF gukE] o] FAFH AL LA AT 2 A AA
E AHEg S Ao TER &, 7 aF mE
FAAAES BS v thE2TAA = 60%]
HAHAHES 2931, Coxi-stop, BLEANSOS A8+
AR E A7 10%, 30%2 t2aof B8] &
< FA #HAE o] YE T Coxwhna Ag-3E A
P A= iz HlE] 6 =2 80%2] +2 7
AHEE UrEM‘”E} AA7I1te] TRHE &, 7 Al
HAA = g AT Aol AES &

Qo = aﬂr"a‘s}‘ﬁi o, thzre] gl Hlske] o

olN

f %A o

[e]

= =2

_é
=

St AF = QA (Paralichthys olivaceus)2] 7N

EASA odsol W3t A=y A 59

A

@7\13}9\9\% o o2 HA ]/\1 Parvi-
capsula sp.7} AEF QoW E [eei®] HAANAZ
FA WSS FAT 5 AAS. Parvicapsula sp.=
2ol 4 97.5%, Aol A 62.5%, E. leeit= 217l A
47.5%, %ol A 87.5% &= ™ (Fig. 2., Table
3), °1& F3l, Parvicapsula sp.= T2 2%, E. leei
= Aol 8% 74 x84V e AL 90T

AT

-
o=
T

K
]

MR Ao AR M3} St
9}3tq, G o A A= E A
o] =i Jth(Walker
Winton, 2010). ZE=3F o] A o] @A A7} ¢l
A M= Ao A% A7} 7teEHe 4,
’\Hi—c Aol FAYG Sl = oy o] B3
AAolmg thFHAZ o]o]d 5 Qloj(Cho et al,
2019) o]l thg A7 Basioh A EA Y A
§- 2000 FHF o] FHE| o PFo] A7) Azt
&to] 2016-2017'A 00 = o g 5ol o2 AlF A9
HAHEo] 103%=E 1 F3)7} =A UERS O W (Shim
et al., 2019), Y S-S Hol= X & Utz
St AJAA AFE 53+ Parvicapsula sp., E. leei
T AAxAFo] AZFHe AS FUsiAT
(Kim et al., 2015a, 2018; Sekiya et al., 2016). L&}
opz ofYF ol thet Ay g A5 Fol
s AT st o]o the A7 Bagh

and

- T

Table 3. Comparison of the numbers of survived fish and PCR results in emaciated olive flounder after immersion

treatment of Coxi-stop, Coxiclin and BLEANSO

PCR result
Total No. of NO',Of Parvicapsula sp. Enteromyxum leei
Group dead Survived
no. fish fish Kidney Intestine Kidney Intestine
(positive/total)  (positive/total)  (positive/total)  (positive/total)

Coxi-stop 10 1 9 9/10 7/10 8/10 9/10
Coxiclin 10 8 2 10/10 5/10 3/10 10/10
BLEANSO 10 3 7 10/10 6/10 6/10 8/10
Control 10 6 4 10/10 7/10 2/10 8/10
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Fig. 2. PCR amplification using EM-F/R primer set for detection of Parvicapsula sp. (Lane 1-8) and EL-F/R primer
set for detection of Enteromyxum leei (Lane 9-16) from total nucleic acids of kidney (Lane 1, 3, 5, 7, 9, 11, 13
and 15) and intestine (Lane 2, 4, 6, 8, 10, 12, 14 and 16) of emaciated olive flounder. Lane 1, 2, 9 and 10, Immersion
treatment of Coxiclin; Lane 3, 4, 11 and 12, Immersion treatment of Coxi-stop; ; Lane 5, 6, 13 and 14, Immersion
treatment of BLEANSO; Lane 7, 8, 15 and 16, Non-treatment (Control); M, 100 bp DNA ladder.

%%WE} FE FiEobdlA HAxAFd AW
ol A5 = AREH AL 9o, o 7o VAAFTAE 2
Y X EAZHN AT/ 713 = 2T (Athanassopoulou
et al., 2009; Hong et al., 2019; Iglesias et al. 2002;
Schmahl and Mehlhorn, 1988) EEZFE A& 9|
e 78T TAAE AHEske, M zAT
Holl o3 S Xl g A 5ax A4S
18tk & Aol Al = Coxi-stop, Coxiclin
BLEANSO 52| A|Fo] ofgZol 3t X5
AARA V5ol QAT

el

ok Lo

=i]

TH

KT in vitro L in vivo 2

Fato] 2ASATh 428 Y5 4E Kol
W, Parvicapsula sp. R E. leei®] E37rdo] g1
HAE do = 72 AdAA gk 8 AdE S

o)X=

A A 8FH AL, Coxi-stop?} BLEANSOS AR-g-3}o] oF
23 AFFL AF 7171 5o FAH AR 7+

ZF 10%, 30%%2 ZALE R, FA HAFE©] 60%=
et tizwel vlal @& A& BT 59,
Coxi-stop2] 73-%-, in vivo AENA oF& AJo] =3
HAFE o] thztoll Blsf wl-g- BA YES AL, in
vitro AR oNA ANFAAE H7lskA i HAx
A AN FENET(Fig. 1B)F ¥l s3]
gol YehbA] ot AHAl Al
I om, AZto] A 73t

FAT Fo 27k Bas

= Zo] #FEQT o= ol Ffol EEZHFTEE AL
g3lo] &l E w VA ZFo] Faste AHE

HIthE= Schmahl and Mehlhom(1988)«] B}
ARRE Ao, o EAFA of g EHi;—_ A&
839 7}sAe RAEFT. Coxiclin® 7 -, Coxi-
stopZ} MIRPIA 2 FAHAEL EESTEE %a{ﬂ

A%, T ulE Agelel AR AL ol
gk 2] xpolell 93t in vitro AF A A cell ly-
sissh & AZ S BA in vivo AN Ul

THT 52 FAAAE A5 Bl 0= Als
Ht}. BLEANS0S] 7%, in vitro L in vivo A3l

A Tzl Hste] HAxAZ B oA 9} FA
HAREo] st 2ozt YERZ AT, 1 3t
o7k 21X Yot BF A ENE YF3H7] AsHA
F7HA Q1 A o] Hupgtol & A o]t} Coxi-stop
o FAHER EETGF
sp., Henneguya sp., Ichthyophthirius multifillis, Tri-
chodina spp., Apiosoma spp.2} &2 o729 71 %
4 Aol AREHVL = Aes RuFgloew
(From et al., 1992; Mehlhorn et al., 1988; Schmahl
et al., 1989a, 1989b, 1991), & Aol HHEAF
o A% A1) 9 S Az fAT b
Aoz FAHTh B AT E HmA)
o ofal WAT G| o YF AT H F2

&F

L

.
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B AT e AYzAZol o dxo o4
ZT A5 FREHE FA35H7] 9ste], Coxi-stop,
Coxiclin ¥ BLEANSO 59| A|&S AH&3tY in vi-
tro B in vivo A@8E AASATH EESFHO|
FA 82 Coxi-stop] 4%, BF-2 cell& AFE-3 in
vitro @A HAZAZ] L TaAIE
AAE BAT, cell lysis9f 22 AlE 54 @7do]
UEA] kT In vivo Aol A Coxi-stop= Ak
gato] &g AP thxwol Hlste] w2
Abgo] BHA UEt o, o]Zl& EE-FEHo] o
F 718548 AHo A5 A3 Yok 7129
Bist FAS Aoty B AF A= EEST
o] Y29 oAYF ABAEA 7ol A= F
B Edolgte AL AAGT

LAtel 2

Lo

2 20198 = AFUsty P HA
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