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Effects of amprolium hydrochloride on expression of drug metabolizing
enzyme genes in olive flounder Paralichthys olivaceus
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This study was undertaken to evaluate the effect of amprolium hydrochloride on detoxification
process of olive flounder Paralichthys olivaceus. A series of two experiment was performed based
on the LDsy value obtained for amprolium. First, thirty flounder (average weight 230.27 g; average
length 27.99 c¢cm) was randomly allocated into five groups. Treatment was carried out using intra-
muscular injection of amprolium at the dose levels of 4, 8, 16, and 32 mg/kg body weight. At 8,
24 and 48 h post injection, liver and kidney were collected for expression assay of drug metabolizing
enzymes and pro-inflammatory cytokine genes. We found that the interleukin-1f (IL-1p) mRNA level
were induced at 32 mg/kg and CYP1A genes showed the opposite pattern, while UDP-glucuronosyl-
transferase (UGT1A7) and GST were significantly reduced in the liver. Moreover, the suppression
of drug metabolizing enzymes and cytokine gene in the kidney was observed after treatment. Another
treatment was carried out using intramuscular injection with 4, 8, 16, and 32 mg/kg and 60, 80,
100, 120 mg/kg body weight. At 6 days post injection, liver was collected. The IL-1f expression
was markedly induced in the experimental group treated with 4 mg/kg. In addition, glutathione S-trans-
ferase (GST) mRNA level was higher in the group with 4 mg/kg. In conclusion, our data suggests
that amprolium seem to cause direct or indirect physical, or biological toxicity of flounders, although
this drug is considered one of the safest synthetic anticoccidial drugs of the livestock industry.
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Ao AasteE AEAE 7
AFHoE & HHoE dA4d
(xenobiotics)°ll U Rl =EH 1 Atk ANW=E F
T AA ol EH L B dde HelE Qo
A2 o] vjdo] ofH AL Aol o 7tA] B
S v XA " H(Gunaratna, 2000). o]l )3l

?:_1'761 S 2HE
A o] &

A FgAE FA] A Bor1d F stz
oF= o AAREES FAANIIAY A= A
27} tAAA, 5 A A A SHbiotransformation) 37}

Aot YrtH o= k&g X3 ngﬂ 2} 5ol A
48 E322 Phase 13} Phase II ¥F3-& 7 XA
Ht}. Phase IHH-§-2 ]'E’Jr(omdatlon) §L 9 (reduc-
tion), 7F=-8l (hydrolysis) 52 ¥-3-& &3] 24}
Ul 3144 #57](functional group; -OH, -SH, -NH,,
-COOH 3)E #7Fste &4 4 (polarity) & &
7FAl 21 (Gunaratna, 2000; Taxak and Bharatam,
2014; Gudin and Fudin, 2020). I’4 thAlS] 9 &4
A= cytochrome P450 (CYP) enzymes©|™H, =
monooxygenase, dioxygenase, hydrolasesZ 283}
o hydroxylation¥-§-< ¥ 71 tH(Gunaratna, 2000).
Phase Il RH-g-oll A= I thAZ 4tshe SZThARA]
(metabolites)ol] F-A}Fo] Zrar A1 2] UolA] &
é] glucuronic acid, sulfate, glutathione, cysteine=-
L acetate 52 A F(conjugate) N H FEA0] ] F
7He ARA = w2 S &olSHAl gk 11 2 thAE
G A2A 2+ glutathione transferase, UDP-glucur-
onosyl-transferase 2} N-acetyltransferase’} AT}, ©]
o= NI thAZE & 2ol W Hom Al et by
A3 © 2 P-glycoprotein®] T)3EZ o]}
Zok(Kudoa)s Y ZAFL hF-& i 4ko]
o] A5, &, A, HZzZA el 71 A $th(Yokoyama,
2016). ool &5l 7| A3t= Kudoa amamiensis
9 K iwataiv e A 2EE FAEAU, K
thyrsites, K. clupeidae's 2 A1 A (Salmo sal-

ar), A NS oA FIk Fe Fol 1Y Fe)
W Bl ol o 24 %fsﬂ% dosmz
R AENAE SAA AAHQ A9 E Doz

Th(Yokoyama et al., 2004; Sitja-Bobadilla, 2009;
Grabner et al., 2012). < B1H K septempunctata

o

- Hs - Aol
= 57709 S-S 7R EA(spore) FEIE <S4
froll LEIHA o] Fo] PA|oll w3hE o], Al
2E Aoy 553 5 WAHFo dEH
A g1 HALE o)A FoERE T E A
3= A o] w-$ o FhH(Yokoyama et al., 2012). K.

septempunctata= " EZE ] o} AlEH nucleic ge-
nomes 7FA AL Yo, mlEZE ol AlFd=
o) AR DA AATE S 2 o1 T

oFF2 2011 AEoA AFHe] M2 A=
AR R diolMs =l FdE= |
Aol el A A 252 1g & EAH] 7 10970

ool HlE AT AEems dodle FH VIeL
2 XA 2 th(Matsukane et al., 2010). dA7FA] g
o] mo} 7S SRS A H W ol A
K. septempunctata® &g AASAY AFEA 7]
T 852 AEH FE2 on, AR FA T
=8 FFAEFA 2ESFEH amproliume] FE
ofZell gt in vitro Aol RuFEoH, HZ
=219] epigallocatechin gallate”} FE0}5-2] EZ A}
E &AM E AT H&o] HEHJATH A et
al., 2017; Shin et al., 2020).

Amprolium-> thiamine?] 5548 F5& 43
2o 2 ")l thiamine analogue 241 BF31&
St S oA st A Z AL A 8l E tH(Duszynski
et al., 2018). Amprolium> 7 F5o A G312 o)™
Ratsol| 4] amproliume 74 FF gk & = A 7ko|y
o oF 82 %°]/d facesFENE Wl ZE] 2L °F 9.6 %
urineF B 2 v Fo] HI FFHEFS S RS =
Aol WA BEDT 53 FATEE ARA Zol
A= Ragel i b AAE FF F uz
QA E 3 9Jth(Pandey, 2013; Duszynski et al., 2018).
AT EAE Folle AS Tl 2 ARtelel A
&3 M EEE oz 48 Ak Rate] B¢
amprolium% RO 2 AFEAS AP F
of T F 4AIRE oWl ZHellA 87, A7l A 167K
9] H]5A ) AA (unidentified metabolites)”} <=2}
SFATHEMA, 1999). Ahn et al. (2017) ol 2|3h4
K. septempunctata geneotype ST3°| T3l &= e
amprolium * 2](920 pug/mL)ol A &) Z A} AEH
S HET 18%, YT 1F=] EEHTE A
gl Ae tlzT9 83%= YERTE o]0 am-



prolium®] FEo}F XA ZA N 7HsAES Al

ARSI

AANE $09 HEL THF ANEAE
o 2z o] AR Lol ofs] AANMEL AR
At ol TaE AU F98 YAl g >
£4e Z7AA Aol gold Fez A
AANAY F& o5 Tao] WHEWMSE opgo B

28 52 549 %3 #EE h(Hodgson and Levi,
1994). 7t=FollA @8] AH8-53 %)+ amprolium
THHE A BAE &Eetr] S8 kA AF
A FAAJN SAAE A7 Basioh 2
AT ol A G3 R FAFAHAAND S
Hho = g0 ‘?_PHE st A<l ofEh
AFE AR A1d Hbg Q2 E A cytochrome P450,
family 1, subfamily A, polypeptide (CYP1A)<}, A2
ZHE-S- & 421 UDP-glucuronosyltransferase 1 fam-
ily, polypeptide A7 (UGTIA7) ¥ glutathione S-
transferase (GST) 183 AH A @RS E UE}
e QAEA] A ZA Alo] E?]—Olmterleukm 1B
(IL-1B) FA A2 PR S 53 amprolium©]
WA 220 v A& FFS ZAMSIAL FEobS

FAAEA VeR e AESLA AT

tlo o

o

i

Mz A

0%
rE

HEE3

B A A AFEE amprolium hydrochloride
(C14HsN4Cl - HCI, Purity > 98%)-2 Sigma AldrichA}
(St. Louis, MO, USA)ol A Ful3tATH AlFER S
Fo3}7] Mol phosphate buffered saline (PBS;
GenDEPOT, Korea)S AH-8-3t] B 83 T == 3
A5kt

SETREPVES T
B APNA AEE WAE PGS ekl 5]

A AL Al A FAete FEdFisia
dFAstusdod &F3te] 2374 (7.5 ton,
Frraholl A-SAAT APe A=) A 72
2 AEZ FAMNA A Al g Htol2 = HALE
F3t AAARE sty AYPS WYsH T
Ao AR FX|(AF, 167.87 + 2470 g; A%

2592 £ 145 cm)E FAIE S < A
Aol & 200 L =2 22

AT =8 A AbSFe] B 21 + 024
Cog fFAFN e, F57] 2L
E319 Tt Ad /\}»(Suhyup, Korea) &= Oixﬂv-/] 1
%NZ 1‘?4_ 13] F5stth £ A2 AedFs
o EAY S22 Y (Institutional Animal Care
and Use Committee)2] <13}l A A3} THAp-
proval No. GWNU-2022-8).

Experimental protocol

1) Experiment I

Amprolium FoJ & 5ol WX AU @52
A 2 S AESH] st AlE
A 100mkE] & 2F AT 20mkE A F 5
A 2 o] Eaetith R &S
AR Bl ol BauE A 54dAE4] LDsy (ampro-
lium LDsp, 148.18 mg/kg; Park et al., 2023) &t2] 1/5
AES HAEFOZ 3t 4,8, 16, 32 mgkg 73t
© 2 A3+ th(Shin, 1997). AP EH ] FAAHE
£ FAFAE AA S, FAHE 100 ul FA
B JAo B FH —;L% 23] Yol 1 ml
FA1(KOVAX, Seoul, Korea)Z T3t 1¥1
3] F 3Lt Fosion, o FE3 & 8, 2
AR Gx o] 33 S HEE o
A7FA] 242 @5 31(-80 °C)oll B3ttt o
o= AEEEFATY 52 PBSE Fos)

S Y
° e

Bats M
£ r*}j L S

2) Experiment II

amprolium £ T8 69 %9 F32 YL %
Este] flste] Aot A dAE 20v24
T SR FALRE o] Euisidt. Fo
S5 (1) LDsp#x e 15 EE HugFo=z A4
gk 4, 8, 16, 32 mgkg FE=TE (2)DFHHS9]
N 2Hg S vh9-229] LDy @t &2 &= FDA 7}o]
=gl F3ke] 60, 80, 100, 120 mg/kg [amprolium
LDo%k, 103.053 mg/kg] .2 AR 3te] A8 23
3} tH(Cook et al., 2015; Park et al., 2023). A7)}
2o WHOE 3Y B FAFAZ & FAFRA
TE T oA X9 1t22 s HE3o vy

MAA 2A4 & WEe] Rasi vzl

o
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Real—time PCR analysis
2 AT e FEotF TAFEEZES am-
7t

prolium= X o] FAFEAG & 3 52 AR =
Ao Ao ARSI Ud17dHES 4tsta LA 2
A 2% TFF A HHol vA & EH/E A

3l real-time PCRH-& Y3t th FX| oA
29 1 & AA=zZF A RNAiso Reagent
(Takara Bio, Shiga, Japan)S ©]83}4 total RNAS
FZ3% & Nanodrop ND-2000 (Thermo Scientific,
Waltham, USA) £33 =4 & AF83}9] total RNA
G A FsHAT cDNAR/S 2 PrimeScript RT re-
agent kit (Takara)S AF&3Fo] A ZAFe] vl 7ol
e} RNA GAAF §E8-& I35tk PCRE 3
3+7] 218t primer R = Table 1] YERATE
AEE ARE FAAe] FdSFFES £4317]
#3141 Thermal Cycler Dice™ real-time PCR system
(Takara)@} SYBR premix ExTaq II Kit (Takara)<
AHE-3FATE PCRE +3317] 913 primer 4 X+
Table 19 YEFH ATh Real-time PCR 7 %7
HA S 2 95 °C 30*71— 1 cycle, ©]©]A] 95 °Coll A
5%, 60 °Col A 30%Z 45 cycles® FH3FIth.
Zy AR Ao A A eFgkS Livak and Schmitt-
gen (2001)0] A A|3F 2447 bl 0 7 B2 519t}
frazte] Ao wd s A4tstr] 918 Elong-
ation factor 1 (EF1)Z reference geneZ AF8-3}3 T

SAHEH

[ |

214 4 7+ mean + standard error (SEM)Z Y-E}
WO SPSS 25.0 software (SAS Inc., Cary, NC,
USA)E ©]&3}l4 one-way ANOVAS 2 A3 &
Tukey HSD testZ 15 H 7+ FolA(P < 0.05)

= AF3A s

Amprolium E0{ & ZF & ME

SEX MRNALLS

Amprolium®] ZA4-& HAES7] YA o)d A
TolA FEF ]«] amprollumoﬂ 3 LDs 9

1/57L 7]z o= 443

z_
(m
O
Hﬂ
ol
ol
_{
jo_l
w
rll_,
ot T
o <>
N rﬂ

Z=7H4, 8, 16, 32 mg/
Abstal Fof F
AN eFEhAL A
THFigs. 1 and 2).
7&5%‘ N A= IL-lBTr A= F

mg/kg Fo T3l A EE o] 2.024
24417t 48 AR A= T}
mg/kg T-FI AT 2.86 = 2.474)
YEM AT CYPIAL F-3 A= &

= 8/\1 ZMH 8

S
(elfe) o] =y}l=
A S7HE

Z 82ROl A

16 mgkgs AL q T4 iz ol thH]
458, 5.43, 4818 222 /M5 YER Lo,
UANREE EoEs FgAE dAAxoz
AR A, 48A1Z N A= o279 232l 2
o] 2 UERA &gttt FETIAL A2 WS £

A B mETel wisiA BE s EiellA fre
Table 1. Primer used in this study
Gene Full name Sequence (5°-3”) Reference
. F: CGTGAGCGTGGTATCACCAT

EFla Elongation factor 1 a R: AGCCGATCTTCTTGATGTAG AB915949.1

IL-1p Interleukin-1p F: GACAGTGAGATGGTGCGATTTC Hur et al.,
erieu R: ACCATCACTGGCCTGTTGTCT 2013

CYPIA Cytochrome P450, family 1, F: GACTTCATCCCTATCCTCCAGT Jung et al.,
subfamily A, polypeptide R: CCTCTCCTGTATCTCTGGGTAAG 2017

UGTIA7 UDP glucuronosyltransferase 1 F: CTCTAATGAGTCGAGTGAAGGG Jung et al.,
family, polypeptide A7 R: CATGAGTAGGACTCCACAACAG 2017

GST Glutathione S-transfer F: TCTGTCTGGACCTGTGTACCTG Cui et al.,
urathione S-transierase R: GTTGGGAAAGTCTGAGAGGATGC 2020
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Fig. 1. Effect of amprolium hydrochloride on pro-inflammatory cytokine gene (A; IL-1f) and drug metabolism genes
(B; CYPIA, C; UGT1A7, D; GST) expression in olive flounder, Paralichthys olivaceus, at the various amprolium
hydrochloride doses (4, 8, 16, 32, 60, 80, 100, 120 mg/kg) for three days. The level of IL-1B gene expression
was quantified relative to EFlo. Data represent mean + standard deviation (n = 20); means with the same or different
letter are not significantly (p > 0.05) or are significantly (p < 0.05) different, respectively.

Ao g sttt 53] Azl A 4719 A
FFAAe] BE FRAA izl vl fofF
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Amprolium £ &
At Rzt el

E AFNA amprolium o FF
Ao vx= 9EFE #E3H7] Y314 immune-
related gene$! IL-18-& HE3FHTHFig 1). A &
=T34, 8, 16, 32 mg/kglE HX| ol FAFAS
A, AYAER IL-1BFAAE 4 mgkgF ]S
AP TFREAATE FolH o2 & FAE UERH
R, BE w71t FolFQl AolE v
BRI R tth. @ amprolium LDy #t< 7]E 2
2 3 T3 [60, 80, 100, 120 mgkg] TIHIL-1
BH-AA WHL 120 mgkg T AT FJH o2
Z7katgh. F A FETR BE AnE 9

3RS u tizF ¥ A amprolium4 mg/kgS
FAE S P AT D53 =& £X](24.28
s Bt

B Ao A= amproliumS A}
AL ZA}’lIE"O:]—a' T 6Yat MEH
phase I ! phase II ¥H-5-2] A& ATEH
FFo A AL TH(Fig. 1). Amprolium
[4, 8, 16, 32 mgkelol A= A4 2 24
Ql CYPIA 2 UGTIA7 AR HdE 4
QF frol Al WastE YEt A Ut A2
2% GST &A= thz7-ol HI8l 4 me/kgoll 4]
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o|F =2 x99 Fo] Al Aol YERNA &
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Fig. 2. Time-dependent (8, 24, 48 hours) pro-inflammatory cytokine gene (A) and drug metabolism gene (B, C,
D) expression of olive flounder in the liver after the intramuscular injection of various amprolium hydrochloride
doses (4, 8, 16, 32 mg/kg). The level of each gene expression were quantified relative to EFla. Data represent
mean + standard deviation (n = 20); means with the same or different letter are not significantly (p > 0.05) or

are significantly (p < 0.05) different, respectively.
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(TNF-g)°ll o3l A2 o= mfs= F49S W
SO A EZEZ A CYPEREC] TAEH, o2 <l
& FEhAF 2 A AH(drug metabolism and clear-
ance) I} H = 745 A TH(Ghezzi et al., 1986; Mon-

shouwer et al., 1996; Sharma et al., 2008). F=3+ = %]
ZHAI 2] primary cultureol] A IL-14 ol =&A| 7]
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Fig. 3. Time-dependent (8, 24, 48 hours) pro-inflammatory cytokine gene (A) and drug metabolism gene (B, C,
D) expression of olive flounder in the head kidney after the intramuscular injection of various amprolium hydrochloride
doses (4, 8, 16, 32 mg/kg). The level of each gene expression were quantified relative to EFla. Data represent
mean + standard deviation (n = 20); means with the same or different letter are not significantly (p > 0.05) or

are significantly (p < 0.05) different, respectively.

CYP 2 UGTZA o] ZF4st om, o= IL-18
o8 174 CYPo| AFshak-g-3t 24 &<l UGT
glucuronidation E S &AJ o]

v gk}, GSTL glutathioneS TFFSE XA A4 of
A} (electrophilic derivatives)2 EZ A 71 toxic
and carcinogenic electrophiles 3 4FS}E & 2o
)&l A A=+ lipid hydroperoxides Z5-E A Z S
Bost=d 83 98-S 3t Rat hep-
atocytes®] primary culture® 4] IL-189] &% GST
AL - dASA FAEASH, GST mRNA
Fol| A= isoformol] W&} FsstAY T2 A
= Z234E YEr A th(Maheo et al., 1997).
AFzAg A= 4709 A W 95 2 &

A f AR B RE bl A tETe] 1)

go|R o 7
2} o] t Ab7g
A 3t= o] A4 == biliary excretion &
< 9= I Ao HilEdT IR e
A} S FalA oFe] A8 e 54 ZHgol
U HAREES AT F o AlZ2A ok 7
I Eo| =& A Zgold fish (Carassius auratus)©l
A g Fok] =EFE 9 =731l BlEEto
GST ¥ UGT &E&&4o] A= ATHXu et al.,
2018.). Ratell ZA7-F 3 & 244 3bo] v} Al7ol A
EG B o tAAITE SR AT A 3E
223 w7 =2 SFEAL H A Y S B
FRAAE A o, AFHFLe
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O & afiA 417 A 715 <! unchanged drug®]

s
ALl WEECE 9L 1)

lum & tHAAZE AAEH o FFEH FFE 7]
A Ao BAD, old ATAN FASHIY
oA Aol FEazle] BAH AR o F

stal okl E ¢ ok
2 AT A= amproliumE 3Y A& FALFES
3 & 6P} AMEYS 722 9] IL-1p, phase T 2
phase II §F-8-2] tHAL & A3 & mRNA FFof A
ZAFEFATE WA WA FS IL-IpFAAE F 7}
A T HHYGS AHEH gizF o vl
A] amprolium 4 mg/kgs FAEE FEFIHA AT
A58 B TX (2428 E BATE A ¥ i
(Gadus morhua)® E2/338} A (formalin-killed
Vibrio anguillarum)g E7F5AEA] 24 A 7Fko]|
H 7 IL-1p mRNAS 804H] wj-$- 7}9}2 =719 dt
HS4E B, heavy oil (10, 100, 200 mg/kg)S
ATEAS 23 EH(Sebastes schlegelii) A=
10 2 100 mg/kg T2 AN A w9 &
IL-1B mRNA®] & o] 1= ATh(Seppola et al.,
2008; Kim et al., 2013). o} 7F<] APHA LS A
W 52 oA =ZAST o3 ARTA
(disease susceptibility)E 4 Z3}7] 3 A EZA
o] -89 tH(Zelikoff, 1998). & A& Fo X in-
terleukin (IL)= o1&/ WIS AT oA RIH3}A
A& 31 (Rehberger et al., 2019), 95583 A
=49 sensorZA] @EHHEH 2 ELS =4S
<H 8% 9 A grh(Ballak et al., 2015).
oheFst Al oA AAEE APFAH Aol ETRS
Aol dadsty, 22 &4, Ay
oA AAE 75 7 5%
Z}=-gFt(Knaapen et al., 2002).
TFTe MEES dlo]
== superoxides WEA7]7] W&ol H=3HA
SH IL-1pE o 7o 22 AlZEFE el
2 4 9JtH(Knaapen et al., 2002; Kim et al., 2013;
Laforge et al.,, 2020). ©]ol| thg A4S H &S 3l

o

X =)
g
Sy
X 3
= ol
i N g o
oX oX 12 B
ooz N
OE:-' [‘_\'ﬂ; OIO r_g

=4 - H3

o
ofy
)
o
o

7] SlsiAE F7HAQ 77 e Ao B
e

AmprolumE 3Y A& FARAG & 6YA} 3t
ZZ9] phase I ¥ phase IT §F-5-9] ALELEH S
mRNA 30| 4 ZAF3H] THFig. 1). Amprolium %
S3E [4, 8, 16, 32 mgkelol e A1 = 24

HF-S- 8§ 49 CYPIA ¥ UGTIA7 §42 e 2
H77HEQt oA WEE el A gkskth Al
27 BES JA4Q1 GST A= vzl vl3) 4

mg/kg T ARE oA 0= 2898 F71skAh
b BRI o T2 hET ok ol 82l 2ol b
R A ¢k2kth. Amprolium [60, 80, 100, 120 mg/kg]
Tl A= CYPIAL A Td 2 AP 7352t
oA WsE UEhA skt GST Fd ARk
80 mg/kg FE=TZEAA BTl Hls) 10789 5
7hetd e, & A s Fo2R Aol U
Bh A 3tk UGT Ak oF=F ol 73160,
80, 100, 120 mg/kg]ol A= tlZTol vl3] ZE &
EgZEOIA oF 0.12-040) 2] 2] s YERY
At

e s =34 7 2ol A Phase IOl A= A3 3}st
2 BHAEE = XdE 5o AETAE
&l Phase I ¥H-g-ollA] A FHAMIES T8
Ao HF HAANA Ao de &olstA T
(Jancova and Siller, 2012). Glutathione-S-transferases
(GSTs)< Phase 119] 3l =52F&-o] #Hste thE 4]
?l &&olM, EF7F GSTs A= subunit T,
5% # (isoelectric points) ¥ HWHsHH EAF& 7|nt
©° 2 3t A A 7FAZE yUH Y cytosolic GSTs
(including seven classes, Alpha, Mu, Pi, Theta, Sigma,

=

Omega and Zeta), mitochondrial GSTs (Kappa class)
2 microsomal GSTs (Higgins and Hayes, 2011;
Mohana and Achary, 2017; Allocati et al., 2018).
GSTE et 7Iss 7HA<=d 53] W4 ti-
peptide glutathione (GSH) 2 ALY tiARA
(electrophilic derivatives)®l| thioether conjugatesE
AFAZI B2 s =53A7= g BTt
(Jancova et al., 2010). GSTs2] 2.3 Y EEZ 7]
ToEE HEFEH =E 5 A3 dAA
o] A ¥AYE 4= Q)= superoxide radical ¢} hydrogen

peroxide ¢} &2 &/ 4FAF(reactive oxygen spe-
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cies)oll ™-§-3h= M E2EH Wojst= 75E 713
TH(Moreira and Guilhermino, 2005; Durou et al.,
2007). ©] E4E oA vl =& T2 EA 5}
28 ¥4 59 EJ_%“(J% S EEN I &
N A EE AFEE A TH(Beckett and Hayes,
1993). &9 river pufferfish (Takifugu obscurus)’s 7}
SZH(5 mgL for 96 h)oll =EAIZHS o, 7+ =2
2] GST genes (GST-MAPEG, GST-Mu, GST-Omega
and GST-Zeta)y= =% ¥ 6AIHHEH foxoz &
7}l Sea bream?| A% JIEH =&
12-24A412F oJul ol hepatic GST FA A= 72 2
57 YER Ao (Bouraoui et al., 2008). &
=23 ROS A4S 2 QI3 A cytosolic GSH
AH TH(George et al., 2000; Ghosh et al., 2001). Z
&2 22 A3 cytosolic GSH7} ZAA 7= X
HH-g-& Zvldl= GST £47} GSHE A Aol &7
&A1 71 ZHAEBEE o]o]A

ek 2Ed 2

2

B2 z

&
fass N
=

N
=

ol d

U S A
7}t George et al., 2000).
mebx] JA o] FoH amprolium & Q13 GSTs
£ AA o) &3} GSHE E§7)%S Zujatar o3t
Zu] A 3ol w2 cytosolic GSH ZHAZE A3] o] &
3k fAF A o] ZUE ojojxl Ho g woET

GSTS} &7 &2 A2 FEUAF HE-§-2
7} 8.3 AR 4] UDP-glucuronosyltransfer-
ase (UGT)= B2 FES v &3 Aol EF 2H)
Bolesz 2B 133t thokdl 90lA E& I
AR =49 d=3t AAA Fad 4TS 53
3t} (Rowland and Mackenzie, 2013; Christen and
Fent, 2014; Meech et al., 2019). ©] &4 ThFsH
Z}-& 1] =4 A (nonpolar small molecules) £+ UDP
glucuronic acid 9}«] conjugationiH-&-& ZFu Al A

AFEE = ES &olskA doh Z/F UGTs
s 72 9 olu| i A AEdE 2R
st =4 2714, UGTI 2 UGT2, 2181 370¢]
3+9] subfamily UGT1A, UGT2A ¥ UGT2BL.Z U}
HAth(Kiang et al., 2005; Oda et al., 2015). 7
UGTse= Tk 220 ddst=d &3] 7H A 2
AR zZ oA & FHES YERAT & Oﬂ:rL ol A
UGT A= [60, 80, 100, 120 mg/kg] Fof 7310l

Atz vl RE sE=RbelA fo Al 7
2E YEHAS EAHFES =3NS W A
BA0 I3 §4A8H LS FUHE, A £4%
CYP 3= 3/ e 2R 4eix
Zebrafishe AT =2EQ =2 Fs8]3 L(poly-
chlorinated biphenyls, Aroclor 1254)°] =Z% A<
o CYP1AS UGTIAl®] #5575 kil 7718
] A Q] Dimethyl sulfoxide (DMSO)3} methanol <]l
2473k E A CYPIASH UGTIALS] do] Zha
H h(Jones et al,, 2010; David et al., 2012). FHEE
th2l(Platichthys flesus)®ll Aroclor 12548 B-7F5A}
Al ZkzZF 9] UGTIB mRNAZE S 7F4sqdtt
(Leaver et al., 2007). UGT 3 %}+9] 753 @do
theFsittar d# A 9o (Meech et al., 2019) B
Tk oty 2} UGTHA 2] #& ® Sh(induction or re-
pression)= 71 & FFH(THA] LElA 2EHEO|E &
22, G54t 9 A o] =4)$} transcription factor
of sl A FIFLE AR LA Q. &
AT A= amprolium FAFE Fo CYP1AS}
UGTIA7TZ A& thah o2 A S Bt o
23 zol= Tkt UGTH A2 subfamily mem-
bers &2 ¢FE FF/FZE <3 ligand-dependent tran-
scription factors®] Zg-o 23k Ao 2 FHETY,
o A As YA e FUHEQ A7 e
g Ao Asd.

B AFAAME [4, 8, 16, 32 mgkg |2 ZFFA
AERE JHEEA LA 48413 o] A2 of A
EE fFAA Edo] gAY H AL, amprolium
o At o] fEH AR 6d Aol A
g EAL FHATE 2T 9 MstE YERg A
AT} o= amproliume] AEHQ HHEEA =
Aol Fdst dFS 7 ]34_ T don, —r":]/‘]ﬂ«]

S TEo FALAE e 4+ LA
Wa of ol tislHE A%l AFL B asiuk
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2 Aol dXx9 al= 8ol A amprolium
hydrochloride®] F&-& H7lst7] 918 =
t}. o] A AT oA B amprolium®] LDs, &tS
o] &3t F 7HA AFS FAIAT A HA=
ome o] JAE 509 iz 2 APToE
T4, 8, 16, 32 mgkg &S] amproliumS 5
W FAF FAS AT FAF F 8, 24, 48 Al7El 7k
e AE3te] oFF tiAL G40 AESA Aol
EFQ fHxe] B3-S B39 32 mgkg &
2ol Ao A IL-1p mRNAL] & ¥d-g &9l
3193, CYPIAE o]} wttje] AxE Bon,
Zroll Al UGT9} GST mRNAS] &d & f<fshA 7+
AsteE e gttt =3 A A ampro-
lium FAF Fof 3 k& thA B4 Abo]E7QI
fFrRzke] AA7F AFEHATG E g8 APdA =
4, 8, 16, 32 mg/kg} 60, 80, 100, 120 mg/kge] &
S AAst 25 U FA FASA. FAE &

st 6 ¥ 2HE AEste] FAxe] TS g

I3t T IL-1B2] d
A

mRNA T8 =3 4 mgkg £ A TZANA =&
e WAt 28 o2 98¢ AdE ampro-
liumo] 7F= 4Fd ] 71 b S JA FFAE oF
2 7 SE FHAT WA 4 wE YA
J =8A Ee AETHH A4S fddtes 2e=
aaET

Al AL

o] =& W HTAEA(P2023202, A F =
Aol A o5l P =AU
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