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Studies on residual amounts and toxicity in the eel(Anguilla japonica)

following exposure to trichlorfon

Hyun Ho Jo

Department of Aquatic Life Medicine, Pukyong National University, Busan
48513, Korea

Abstract

In this study, pharmacokinetic analysis was performed according to
trichlorfon (TCF) exposure to obtain the data necessary for the
establishment of maximum residue level (MRL) for eels, and the effect of
TCF on drug metabolism and physiological function of eels was also

investigated.

First, pharmacokinetic parameters of TCF were obtained in muscle, liver,
and blood using the PK Solver program based on the results of measuring

the drug residual concentration in the body according to the bath
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administration of TCF. In blood, muscle and liver, Cmax is 25.8698—
357.421, 129.905-1043.73, 40.4662—375.198, Tmax 1s 0.1278—1.31581h,
1.18943-3.338h, 0.1361—5.39822h, and half—life(t12) is 2.12919-

3.92153h, 5.29793—10.3544h, and 0.65284—13.8079h, respectively.

Second, the expression of the drug metabolism enzyme CYP450 gene was
analyzed. TCF mainly expressed CYP 1 family genes in each tissue.
AJCYP 1A gene was mainly expressed in the heart and liver, A/ CYP /B
gene was mainly expressed in the brain, eye, and heart. On the other hand,

AJCYP1C1 gene was expressed without differences between tissues.

Third, superoxide dismutase (SOD), catalase (CAT), glutathione—S—
transferase (GST), acetylcholinesterase (AChE) and Cortisol activities
were measured. The activities of antioxidant enzymes (GST, SOD and
CAT) were maintained at a steady state without significant change, and
AChE activity in the brain was significantly inhibited and recovered again.
plasma cortisol levels, a stress index, increased as time elapsed after TCF
administration, showing the highest levels between 30 minutes and 1 hour.

After that, it began to decrease and returned to its original state.

Taken together, the results of this study indicate that TCF not only affects

the drug metabolism process in eel, but also inhibits AChE activity,
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HPLC Agilent 1290 infinity

Column Eclipse Plus C18 (2.1 mm x 100 mm, 1.8 um particle size)
Mobile phase (A) Water + 0.1% formic acid
(B) Acetonitrile +0.1% formic acid . [Gradient program]
. - min. %A %8
Flow rate 0.3 mL/min . 95\ = =
Oven temperature 40°C . L N %0 10
RS E = %7 20 80
Injection volume 10.0 puL _ ""-1
85 | 20 80
MsS Agilent 6430Triple Quad LE/MS " X B
....................................................................... el - 17 | %0 10
lonlzatlon Electrosprav ionization (ESI)

AchIS|tlon mode Multiple reaction monltorlng (MRM), positive ion mode

lonspray voltage 4 kV Collisuon gas Nitrogen
lon source temp. 350°C Nebuliur 40 psi
Gas Flow 11 I/min

Table 1. LC—MS/MS parameters for the analysis of TCF
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so® A A= 9 A oF-E HESTH(Codex

aliment Arius commission, 2000). CODEX oA A% AL
8 0 & X&3st] 6 /M9 F%, AFASF 0.95% olF=
QT38tH, 2t Fxo d&l 5E W 24 X (coefficient of

variation) o thek WS Asto] At gl HUo] i)
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Concentration (mg/kg)

Acceptable recovery (%)

Relative standard deviation (CV,%)

=0.001 50—-120 =35
0.001-0.01 60—120 =30
0.0-0.01 70-110 <20
>0.1 80=110 =15

Table 1. Accuracy and precision ranges as required in CODEX
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pharmacokinetic parameters A48}t

3. 2%

N
ol
N

£
2

o

zZd skttt TCFe 3 AAIG (R?) = 0.999% ¢
B9t} o]= CODEX guideline ©lA  AAEE 7&=S

S5eA (Fig. 1.

13



16000 -

14000

12000 +

10000 ~

8000 -

Area

6000 -

4000

2000 4

y =285.87x-13.019
R2=0.9999

Trichlorfon conc. (48/mé)

Fig. 1 Calibration curve for the assay of TCF
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3.2. A& %4 (Limit of detection, LOD) U A= 3HA

(Limit of quantification) ¥ 3 4+&

o

b #HE A B % Al

TCFe #HZF FALOD)E AzRwtEIHANAN 242 A5 o
A58 (S/L ratio)s 3.3 oS sdleH, A
A= LOQ = 212t AlE of 359 10 olde = AAbsaltt
I A3 TCFS Z+ £49 H= WA= Anguilla japonica®)
oA 0.15xg/kg, T5FolA 0.18 pg/kg T3 ThelA

0.11 pg/kgo® B ¥t} (Table 3).

) sl&

Anguilla japonica 2] A& ¥ TCF H i 3+82 g3 86 ~
102%, 5 108 ~ 111%, ZF& 56 ~ 67% Ko HHol
AT 2+ Alg ¥H 2% 15% o2 AV

T 533tk (Table 4).
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(unit: #g/kg)

Serum Muscle Liver

Compound

LOD LOQ LOD LOQ LOD LOQ

Trichlorfon 9.16 0.46 0.18 0.55 0.11 0.07

Table 3. LOD and LOQ of TCF in spiked Anguilla japonica samples, LOD (Limit of detection) = 3.3 * ¢ /S,
LOD (Limit of quantification) = 10 * ¢ /S (o : SD of the response, S : slope of the calibration curve)
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Matrix Spiked Recovery
Substance Species Matrix CV (%)
curve (r?) Conc (¢ g/kg) rate (%)

5 86*£4.8 5.2

Serum >0.999 10 93*x2.4 4.1

100 102£3.6 3.8

5 110£1.2 1.3
Anguilla

Trichlorfon Muscle >0.999 10 108+2.3 2.3
Jjaponica

100 111£1.9 1.9

5 56t4.2 4.3

Liver >0.999 10 67+3.4 3.5

100 58+2.6 2.7

Table 4. Recovery rate and coefficient of TCF in spiked Anguilla japonica samples
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200 Serum 2001 Muscle 140 - Liver

- p—— ~ 120
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= 1501 - Qwat 20T = —0— 30mg/kg bwat 20T £ —0— 30mg/kg bwat 20T

2 e 2 1004
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Hours after dipping Hours after dipping Hours after dipping

Fig. 2 Tissue concentration of TCF in Anguilla japonica after dipping treatment with different temperature
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—e— 150mgkg bwat 30T
%04 —O— 150mgkg bwat 20T

Concentration of Trichlorfon (ug/kg)
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Fig. 3 Tissue concentration of TCF in
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Anguilla japonica after dipping treatment with different temperature
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(MRTo-«)& 2}z 11.26, 16.16A 7+ 2 UEFSTH
24291 30CA 30, 150 mg/kg O & ok8-3F WAool A 1
TCF9 % —A7F2A3 Wad (AUCo-«)S 7+7F 372.5024,

s
. 1t

of

1144.55 pg/kg - h® YEbRTh 25 W Hi TEAIZE
(Tow) 2 H3 % (Cudiz ZH2ZF 1.02, 0.127A13F0llA
131.4142, 357.4207 pg/kgo @ vebgteh wjd wb7] (ti)2)
= 747} 2.739, 2.12A1 0.2 e HHAlFAIZE (MRTo-«)
& 77y 2.085, 3.098A17te. 2 e Hlm £L£e 20T
A& 30, 150 mg/kgSZ k&3t Mo} 25  TCFY %
— A5 A8 (AUCo-») ZH2ZE 120.6328, 788.559 ug
/kg - hZ Yebgth 25 Ul H3 s TEAIE (Taw) 2 F
1 FE (Cea¥E 1.315, 1.146A43klH 27 25.86978,

113.8059 pg/kgo = Webstth 1 9] wiAd W] (tip) = 4

Y

Zy 2.414691, 3.921533A17FC 2 YERZAL  HF A FA
(MRTo--)& 2}z 3.907, 6.06 A1 7FO. 2 L}EF
A9l 30TCo)A 30, 150 mg/kgo & k&3 wWAo] 7k 1

TCFE sZ-Alzb=As 18 (AUCo--)= 22t 897.693,



1387.75 pg/kg - h= YetHth 25 W H1 v= =Gz
(Tow) 2 H3 % (Cudiz ZZF 0.855, 0.13A]%FelA
112.9852, 375.198 pug/kgo @ YERSTE vl wE7] (tyy2) &
Z}7} 4.876, 0.65A17t o2 YERS L Ft A FAIZE (MRTo-«) &
7}y 7.281, 0.983A13F .2 YRR vl 21 20TCellA &

30, 150 mg/kgo & oF&3k Mialo] 7k | TCFO 55X —A

s
K

st WA (AUCo-»)2 247t 260.5681, 1747.146 pg/kg - h&
velgtl, 25 Y & 75 S2A G (Te) @ Ay 5%
(Cow) = 2.295, 5.398A1% oA 742} 40.466, 66.8866 pg/kg
oz Yebgt. 1 9 ®WA ®R] (e 47 8.067,
13.807A1F0. 2 Uegta BEAFAIZE  (MRTo-=)>  242f

4.7867, 22.09A17F 0. 2 LJEFSET]
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Parameter Unit Serum Muscle Liver

Chmax 1 g/ml 25.8698 129.905 40.4662
Tmax h 1.31581 2.45422 2.29536
t1/2 h 2.41469 7.16303 8.06754
AUCo- © g/ml*h 120.633 1702.31 260.568
AUCo-- © g/ml*h 120.633 1702.31 260.568
MRTo- h 3.90708 11.2604 4.78672

Table 2. Pharmacokinetic parameters of TCF in serum, muscle liver from Anguilla japonica after dipping

concentration of 30 mg/kg bw at 20T
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Parameter Unit Serum Muscle Liver

Crnax ©g/ml 131.414 237.509 112.985
Tmax h 1.0225 1.16775 0.85555
ti/e h 2.73945 6.90423 4.87662
AUCo- 1 g/ml*h 372.502 2405.93 897.693
AUCo- 1 g/ml¥h 372.502 2405.93 897.693
MR To-e h 2.08574 9.98927 7.28176

Table 3. Pharmacokinetic parameters of TCF in serum, muscle liver from Anguilia japonica after dipping

concentration of 30 mg/kg bw at 30T
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Parameter Unit Serum Muscle Liver

Crnax ©g/ml 113.806 504.989 66.8867
Tinax h 1.14689 3.338 5.39822
ti/e h 3.92153 10.3544 13.8079
AUCo- ¢ g/mlh 788.559 9432.5 1747.15
AUCo-- £ g/mlh 788.559 9432.5 1747.15
MRTo-e h 6.06087 16.1636 22.09

Table 4. Pharmacokinetic parameters of TCF in serum, muscle liver from Anguilla japonica after dipping

concentration of 150 mg/kg bw at 20T
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Parameter Unit Serum Muscle Liver

Conax e g/ml 357.421 1043.73 375.198
Tnax h 0.1278 1.18943 0.1361
t/2 h 2.12919 5.29793 0.65284
AUCo- 1 g/ml*h 1144.56 9320.75 1387.76
AUCo-= 1 g/ml#h 1144.56 9320.75 1387.76
MR To-e h 3.09846 8.01857 0.98358

Table 5. Pharmacokinetic parameters of TCF in serum, muscle liver from Anguilla japonica after dipping

concentration of 150 mg/kg bw at 30C
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e

AT WAool TCFO oFFshd A7 Alde & 99,
=%, & LC-MS/MS® 2433t Ad ckesHdTE
93 PK Solver program (Zhang et al, 2010) S #-&3}o] H]
T8  (non—compartmental) modelZ4 HIZ FE (Cuav),
HIEEEGA  (Tm), HA W7 (i) 58 S8
pharmacokinetic parameters AT (woo et al.,

2016) M= |ANME TCF =% we

12

=5 H

1o
iy

A= ¥A 1mg/keg¥} Smglkgdl sEOIM oHEI 4

=

Ao Ha FE(Crad = 474 3.1 £ 0.5ng/mL3} 31.8 =+

3.7ng/mL, HIFEEZGATT (Taw)> 6AZF 2831 8jA

71 g371E 7Y o] Buk ofYgk (Woo and Chung,
2019)eld ¥ &S] TCF kAl dAolA
oFREEz] ZAx 15° Co 30ppm¥T 150ppmeolA H1
5 (Coa) = 98.76pg/ml, 253.42pug/ml, HilsELE=EAIZE

(Tme) = =Y 1AIZE, WA REZEZ] (i) = ZH2F 6.10h,
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19 2™ (Son et al., 2011),

S|

IF2oq f o B Y (Zhang and Li, 2007).

ol=
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(Brandal and Egidius., 1979)¢° 2

31



AolF ZHIA TCF7F 24" Ze A7IAT oFeFo
129

219 § 9%, 25, el TCF= s = &3k

B2, 4, diabel e Agd #3342 oF, 27, 43 =1,
kg FE I3 Ve wet dEHEE AT HolEE
AW 3L7] o] Hr},

TCFZ& =uiglells 2z AFel digte] 73187]% (MRL)©]
AR Hold 9tk =ujol = Table 9 oA K Hfe} o] 4,
Hlx F F Fol diste] ARAeE HAEAA glom gy
0.05~0.1 mg/kgelth. A& A AE] digte] 87HA 57
AA] wet MRLS 27438k 21om, 0.004~0.01 mg/Kgo|t}.
oA TCFE FARGCoFE &7he =3 A Ao,
Jolell Abg-o] 7hs3tES 37k U 9l Aotk (Table 10).

FHolM= 0.01 mg/KglZ YEPFATE o] Foll 2] 7HEA
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MRL A= 124
oltel  AR=ES
trichlorfon& ¥
S EREE

ROz 73t}

we B dye Anse
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MRL MRL MRL
21 A& 21 &
(ppm) (ppm) (ppm)
=2 7k 27F F7t
0.1 0.05 0.1
(Pig Liver) (Cattle Liver) (Sheep Liver)
EHZ] EL'EF A EL% ok EL_%_
0.1 0.05 0.1
(Pig Muscle) (Cattle Muscle) (Sheep Muscle)
A A A Az & Al
0.1 0.05 0.1
(Pig Kidney) (Cattle Kidney) (Sheep Kidney)
A A A A" & A
0.1 0.05 0.1
(Pig Fat) (Cattle Fat) (Sheep Fat)
F (Milk) 0.0

Table 9. maximum residue limit for TCFE in Korea
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MEER MRL(ppm)

Salmoniformes (such as salmon and trout) 0.004

Anguilliformes (such as eel) 0.01

Perciformes (such as bonito, horse mackerel,

mackerel, sea bass, sea bream and tuna) .
Other fish 0.01
Shelled molluscs 0.004
Except Shelled molluscs -

Crustaceans 0.004
Other aquatic animals 0.004

Table 10. maximum residue limit for TCF in Japanese food
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Trichlorofon (TCF)
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Gyrodactylus sp. ¢ 7134

Dactylogyrus sp.

36



Lernaea cyirinacea, Argulus joponicus, Caligus spinosus %
o FAE fal AREHE v v, S TCRARES A
A AEAAS sty o2 Qe AEAle WAl
ol distel W7ol AstEo]l HA AWl #AAEHA=
HQlo] H7|% strh TCF+ A=AelA DNAEY, A4 At
3HLPO), A3t AEHAS f¥ksh= Hrtste 4 (H202) 9F 2

< ROS9 S FESTT deA AL Xu et al, 2012),
E3 TCFe WA 3tgE, 84 24 =4, k= 59 AA

W age] wolstd, FAH SxERE A4S HIse

TCFY MM 5% 879 S9N B BAE oA

¥ oAF A, A, A )l digt st ed 5o Age ¥
A= Jepdcta g4 vk (Baldissera., 2019). T3t TCF=
9o =29 FHo(Yonar et al, 2015), dN&= szl g

(Venturini et al., 2015;Yonar et al.,, 2015), 1 AA 9 oj
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AHE(2015) ol #44 <

ogk
o

I dR= STANRRETAE e R = S Sk=) s
silver catfish (Rhamdia quelen)®} nile tilapia (Orychromis
niloticus) |1 = TCE7} 434 2EYAE F23tta ¥y

2t} (Thomaz et al., 2009; Baldissera et al., 2019.) ©|9} &

§2
flo
s
k]

MEE& TCE7E of el uiste] thakst ez F2-4

ek B AFg A= WAoo tist TCFY ok& A

ftlo

BF7ret7] flete] WAEelS) k= wiAL @ Y7ol vA=

TCFY I AT

2. A5 9 HY

2.1. 49 o&

o ATelM ARGE F 50 mo] A W

o
2
3
(@]
-+
a1
0Q

i

o] g kA Ao 93t 300L FER(F2 15T, pH

6.5~7.0) °l 5vig] A 7Y Fot =X Al F T}
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2.2. RNA isolation and first—strand cDNA synthesis

5 (Brain), = (Eye), oF7F9] (Gill). 2% (Heart). ¢ (Stomach),
ZF(Liver), H]%(Spleen), 2173 (Kidney), & (Intestin), %
(Muscle), A4 (Testis) &= F29IE A9d Ad74s &7
3t wlalol A sE At} Total mRNAYE Trizol™ (Invitrogen,
USA) & Abgste] wisrde] wet =330t 59 RNAE
Nanodrop (Thermo Scientific™, NanoDrop™ Lite
Spectrophotometer) & AF238} 260/280 nme ODE 7]s+=2
2 AZEsEdd. B AAY S3E BlE&2 1.85FF 2.17HA

Z RNA AAY wEAdg =55 uYehdt. cDNAE

Mo

cDNAsynthesis kit (EnzoLife Science Inc, USA) & A}£3}o]
% RNAS) 1pgold 24590k $4% cDNAE &3 ur

A =80TelM A= .

2.3. Cloning of Anguilla japonica CYP1A, CYPI1B,

CYP1C1
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WAel= R CYPL genefl S249s 71 fal #44
(genomic), AAFA| (transcriptomic) AFZEH At G714 <L
FA(NGS) 7=+ ol&ste] b 225 #A4sn. & Add
A AFE¥ primer+= Table 11 YerWN AT, Anguilla japonica
CYP1A, CYP1B, CYP1ICl c¢DNA+ ExTaq™ DNA
polymerase (Takara, Japang ©]&35}o] (Table 12) PCRS A

Al T (Table 13). %% PCR products 1.2% agarose gels

|

AFE3Sle] - PCR - FE  &9ldt%lal, FaverPrep™ GEL/PCR
Purification Mini kit (FAVORGEN, Seoul, South Korea) & ©]-&3]

F=3tal pGEM®—-T Easy Vector(Promega) & ©]&3}9] ligation

S Wa3FE T, E. coli DHS @ competent cells o] &3o] &2 =3t

it
[0l
g
ofr
ol

skl 37CellAl overnightshel v sk ok, White colony
o colony PCR< %133} 31 Gel Doc image analysis system (Bio
Rad, USA)E 53 &92l3}3t}). Target samples XH3] ALB HiA|
of mjekel 100mE Yol 37CeolA 160 rpmS.E overnightst$it.
o]l DNA @7149S FZ38t9 MACROGEN Co, Ltd.(DNA

Sequencing Service, Seoul, Korea) o4 4] 3}%t}.
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Primer name 5 =3 sequence Product size (bp)

AjCYPIA-F ATGGCACTGATGATTCTACCCTTGG

AjCYPIA-R CTTAAACTGAATGTGCGCGCACAAC 1o
AjCYPIB-F ATGGACATTCAGGAGGTGATGGA

AjCYPIB-R TTAGTTCTGTTCTGAGGATGTGCTTT HoL
AjCYPIC1-F ATGGCACTGTGGGACTCAGAGTTT

AjCYPIC1-R TCATGCTGGTGAAACCAAGCCTAGA 180

Table 11. Primers sequence sets used to amplify CYP gene for PCR
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Components of PCR Volume
10X reaction buffer 5ul
dNTP mixture oul
GC solution 2.510
F (10pmole/ul) 1ul
R (10pmole/wl) 1ul
DNA Polymerase 0.5u0
Template DNA 0.5l
DEPC water 34.510

Table 12. Condition of working solution for PCR
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Step Temp (T) Time Cycle
Initial denaturation 94 2 min
Denaturation 95 30sec
Annealing 55 30sec 30
Extension 72 30sec
Final elongation 72 5 min

Table 13. Condition of CYP gene for PCR
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2.4. AjCYP1 isoform & €71448 £4

971449 #®]mwE  National Center for  Biotechnology
Information(NCBD o %€ 793 ol &a3itt. d714 4
AEE Bio Edit Sequence Alignment Editor 9} Basic Local
Alignment Search Tool(BLAST)S ©]&331°1, ClustalW
multiple alignment(Bioedit) & ©]&38Fe] <2135t} ClustalW
multiple alignment & AFE3te] §-A4 MES A8 (Hall,

1999).

2.5. Exposures, sampling and A8 3

H AFelA AHgE F 50 mhE]o] AAE WAel(eF 150g) &
el g A sk 300L  +x(20C, pH
6.5~7.00e 7 4 FXF A AFTE WY EAE
Trichlorfon(metrifon, (DAESUNG MICROBIOLOGICAL
LABS.CO.,LTD, korea) & AF&-3}9t}.

ME GE 25(20TC, 300)F =] 8l 30C 1w Was

ZeE ARESl 2RE FAAAFIA e 1F9 ®As
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FAY aFo® U, 4 15 2 Y wEo] thalA
MAEIFOE ek ARA FHA B 2% 30 mg kg
bwat 20C and 30C o2 30%3F A 3Tt 3,4 A 1F2
TCF concentration of 150 mg kg bw at 20T ‘and 30CCo.=
30 ®3F A stk o] & Folsk H ARG Fxo|
TE3LT ¢FE FE 20 ALH-SERRC = 0, 0.5#1713) 6, 12,
24, 48,168, 336 Algtutth Z AdFoA 10 w4 Y, <5,

b, ob7bv], o 55 AF skt D2 6,000rpm ol 4Tl

15 &5 94 5 45 AFst] APsa, A 7
A& 0.1g & PBS 1 mE H7ksk H A5 $elA upasialt.

)
o,
o>,
s
AU
ol
4n
o
01}14
1%
il

o]= 13,000 G, 4CelA 30 &

AH F fAete] Ao Abgsteitt

2.6. i3 a4 4
WA Superoxide dismutase(SOD) &AL A49E kit(SOD
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Assay Kit—WST, Dojindo Molecular Technologies, Inc) & A}
43tk 96 wellel ob7bm] @ 2+ A& 20 w, 200 p WST
working solution, 20 gl Dilution buffer, 20 @ Enzyme
working solutiong #5380y 37TCeol 20%%5<F w3t & 450

nmell A =735l

Catalase (CAT) 42 %8 kit(Catalase colorimetric
Activity Kit, ARBOR ASSAYS, USA)E AF&3}4lth 96well
plated] Als 25ul, 2540 Supplied Hydrogen Peroxide
Reagent &5 § RTelA 30-2%F Wx % 2540 Supplied
Substrate, 2540 HRP Reagent &5 $ RTo|A 1587 ¥

% 560nmeolA SH st

Glutathione  S—transferases = (GST) &AL A&
kit (Glutathione S—transferases (GST) Assay Kit, Sigma) &
AFE-3FSltE. A Dulbecco’ s Phosphate Buffered Saline 9.8
m¢, 200 mM L—Glutathione reduced 0.1 m¢, 100 mM CDNB
0.1 mE wH&o] Substrate solutiong ¥h= % 240 GST + 18
@ Sample Buffer®} Substrate solution 180ulE 5+ %

=7

340nmoll A 6%-%5<t oj

(o

o},

AL
||\
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2.7. AChE activity

Acetylcholine esterase (AChE)+ Ellman (1961)9 WS
H3ste] S48kt 50mM TrisHClbuffer (pH 7.5) & 3|41
%, 1875 mM DTNBE Z%stal 7[d=  8.256mM
Acetylcholinesterase iodideS Y1, 3% 412 nmollA 5%+

=3 59lt.

2.8. Stress indicator (Cortisol)

g% Cortisol 5%+ Cortisol ELISA kit (Enzo Life Sciences,

USA) 9] protocol®] w2k =743} t}.
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3. 23

3.1. FEUAESE F3A AE AR 2 9 CYP1

familyol| X =37 H od F

oFEiAtE ARl CYP 450% olgsl w4t T=2 Al o=

Ab sEE A ol AA g7teh] fisl CYP 450 gt
ARE AYsaict. W o] CYP 450 gene Ads FH 343
4 (Fig. 4). o1F 2AH (M, op7ivl, 4%, §, e, 3 AA,

’

Hg, & 2 &, AR el fEdiAta s FAA B BE

Yt b2 24dlA 23 AolE B3 (Fig. 5).
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(a) (b) (c)

' TCTAGCTT T6G0C 60 1 ATGGACAT 16616 60 1 1 &
M ALMILPLYGPVSVSESLLA MDIQEVMEEMSRAPSPRSLLL M ALWOSEFGVKGSS | | REWS
61 120 61 T 120 61 TCATGTTTGTCT 120
MATVCIVYLLMRLLRSDIPE A S Bl A YHEL W LW L CaiRG BN GavarALVYASEFEIFLF LEAC
@ ook 121 TTGGT 180 121 180
N - e e e s e e ADGPPGPFPWNPVIGNAAGLSG L WVYRNLRHWKRRLDPGPF PWwp vV
181 TAGST TTTGGCCAAGTTTACCAG 240 1 TXCCARALY: 290) 181 T 240
GANPHLSLTAMSERSTFG vV Y Q S APHLYFSAMAOGKYSEVFa ) VGNAMOLGOQQMPHITFSKLSK
iy e 241 mceT 200 241 200
R R e % KL GSATAV YV VLNGDOAIRT AL I KYGNVYQIRLGGND I VVLNG
a5 A e b 301 1 TGACCTCTTTCAATEIGT TTCCAAG.. 360 a01 1 360
LI KOQGEEFASRPOLYSEQ F I B e L TR T BT AL RO AL L0 NS T AL A Q6N
i e JawToragiearcoct fiycoiicTioccAfiolibcieaeiogiumatioon 20 361 TTICICTCITITCAGATGATT az0
NN GKSLAFSSDOGAGYWRTIRR =i - & \ S ST AR S L L T L
az TGGGCTAC 480
T QT TVRTFSTGNYHTKKVYLEN OWKMHRRI AOGST I R S AN
KLAMNALRSFS ST 1 KGSDLGY @@ " 540 . s b
481 TAGG 540 HVLCETGRARELLHLEFMNEKMTINER 3 FEQMH I VG E L v o
S CVLEEHYCKESGEYLVEKSOaLS 541 AMATATTICCAACCOCT 600 TTcArceeT 1 00
541 TeeACCCCt 600 KXF aPLTYLTVISTANIMNSAV HSADGRYFMNPSHELTY
NVTEASGSFDPFRHIVYSVA 601 TGTIT T ’ ik e
601 660 CFGKRYSYNDAEFOQAVYUYVGRN VIGALGCFGKRSYGHEDL
NV ICGMCFGRRYNHDDO GELL 661 GACCAAT TGGCTOOAG 720 T 720
661 AGITT 720 DQFTKTVGAGS I VOVMPWLOQ LLSRARVDKFGETUVGAGS
SFVNLSOEFGOQOVAGSGNGPAD 721 TAIT TGGAACT Tc TCAGTC 780
721 TICATCOCCTICCICOGCT CATGGATATCAAT (780 Y F P NP | KT | FGNFPFKDSLNDREF MPWLQSFPNPYVRARSI YO
I\ PFLRFLPSRATMKTEFMDIN 781 TACGIATE 840 T TITTTGETTT 840
781 GCTCGCTTCAAGGTCTTTGTGCAGAAGATTGTTACAGAGCAGT) 840 Y vgE Sl S @K VAE MR KUEi0usun 1 v LNEEFFAFVKDKYI QH
ARFNVFVQKIVTEHYRTEFDEK 841 AGAGACATGACTGATCCATTCATTCTGOCGCTTGACCAGOGTTTARCAAGETCTACGGCG 900 TAGIGTAATT 900
841 900 RD M T DA ALDOGLTSSUT G NPEVTRODMSDAIISVI
NN I D11 DSLIDHWCGEDREKLID 201 A CoAA 960 TITGT T 960
901 TGTTGGOATTGT T 960 YLOKEYVPPTVSD A S 0 O NGLITKDEFVE TvTio
ENSNVQVYSDEKIVGIVNDLEF %1 TCTGGTACT 1020 an TACTCTTAGTA 1020
961 T TGCA 1020 i L s At e v U 3 @D TVSTLLOGWI LL L
GAGFOT I STALSWNAVVYYLVYA 102¢ 1080 \TTGACAAGGT 1060
1021 1080 KQLREEVDKYUVDS L P KYP#H 1aoAKLGEGIDKYUYVGHAD
YPEIQFKLHOQEMKDSUVGL 1081 1140 1081 AGGCT CrGic 1140
1081 ACTCCACT T TTCATCTTGGAGCTA 1140 =D QP RLPYVMAFELY uRF XL PEMEDKSSLAYLDAEFUVYE
TP L LS D P LLEAFIL 114y ; 1200 1141 ACCATGOGATTCACAAGCTTTGTGOCTGTTAGGATTCCCCAGTCGACCACCTCAGATGTG 1200
1141 TTCCGACATTCTTCCTTCCTGECCTTCACTATCOCACAT TGCACCACT) 1200 B PPk s T a6 v TMRFTSFVPVTIPHSTTSODUV
FAMNHS S F H TxkoXA 1201 1260 1201 T 1260
1201 CIGAIGEATAG 1280 AL PKODTVVE I NGWS P A 1 1 EJGVH I FRODIVYYFINGWSYV
NG Y F 1P T e w o WN 1261 1320 1261 AAl Y TGTCTTCAACCCTTCCOGGTTCCTGGAT 1320
1261 TCCTCTIT 1350 KW VRPEVEFDPNRAEL . NHODPQKMWEKOPHYFNPSAELD
HDPALWEK s F PERF L NIA 1321 G 1380 1321 1380
1321 GAGGROGT . “an DKDOTSSVLIFSLG ¥ ¢ : ENGVLOKODLTSSVMIFSIGK
0.0V TV HENDAER V.MV FGNGHN 1381 6 1440 1381 AGMGATETATTGGTGACCAGAT TGCCMGGT TGAAGTCTTICTGTTTTTTGCCATGTTG 1440
s v o € OMBNe « W0 L FL v DRTRINEINRE c RARIC I GDOQ I AKVEVFLFFALIL.L
) RC I GEAIGRTEVFLELA.IL s ol o y o
Sk TR s FKANPAEPLSLDYLYGL I T.LK LHOCSFESNPSQEISLDCGCSY
. 4 1501 TAT 1560 1501 GGGTTGACAT TICTA 1560
I L L LML WL U PKAF S I AVENRNSMALLDRA.Y G LTLKPLNHSISAKLRGEKF.L
L2l ke 1561 1620 1561 GOCTTGGTTTCAGCAGGATGA 1581
SRR HEROR R TR &S SRR AT VoOHAKAEADGESTSSEGQN = G L VS P A~

Fig. 4 Nucleotide and deduced amino acid sequence of Anguilla japonica CYP1A (A;jCYPIA) (a), CYP1B
(AjCYPIB) (b), and CYP1C1 (AjCYPICI).
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(a) (b) (c)

M BE GHES L EKS I MT M BE oG E S LES IMT M BE GHE S L K S I M T

Bl ssccececo = e T TTTED poctn. [T
gerny NN T TN B Pt e m e ] g™ —=- e- |

500 . 3 ]
ACTPIA - oo et a A{CYPIB ™ ACYPICI E—
B ACPS

E]
g

Relative mRNA expression
Target gene / b-actin

o

¥

Relative mRNA expression

Target gene / b-actin
Relative mRNA expression

Target geme / b-actin
=

2

=
=

‘ &8 P s o8 s &N 8 f@“’-a@s*-?&"é@d}y“\ts& & &g FfosFfE
¢ FaFees & 9 ‘3*9(‘5““ TFE S 3 ¢ ,2.«%@"? 8 FEF &F
Fig. 5 RT—PCR and relative expression levels of AjCYPIA(a), AjCYPIB(), and AjCYPICI(c) in various

tissue of Anguilla japonica. The b—actin gene was used as a reference housekeeping gene.
* ¥ (B; Brain), & (E; eye), o7 (G; Gil), A7 (H; Heart), 91 (St; Stomach), ZH(L; Liver), A7 (K; Kidney), B (S; Spleen), &

(I; Intestine), < (M; Muscle), 24 (T; Testis)
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CAT, GSTE 43 A& ofgle] 1dH o= YeRt ~E

g 2ol o B E = 94 (ROS) + AeA & &4
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713, 249 A4 kg3 Asfsttt. ROSel| didsto] Al
e gAarst @4¢ SOD ¥ CATE Aol %75 &4
S = Ao delx ), AW Fig. 6, 7 and 89 1@

o Zo] 2% ¥ & HluME & AolE HolA ¢tk
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400 -
Liver Liver
—e— 30 mg/kg bw at 20 —e— 150 mg'’kg bw at 20°C
—0— 30 mg/kg bw at 30°C —0— 150 mg/kg bw at 30°C
300 300
=) =
g g
[=% o
£ 0 € 0
>
d g
(=]
8 3
%] %}
100 100 -
0 T T T T T T o T T LN L) Ll T 0 T T T T T T T T T T T T T
Control 0 05 1 3 6 12 24 48 9% 168 336 504 Control 0 05 1 3 6 12 24 48 95 168 336 504
Hours after dipping Hours after dipping

Fig. 6 SOD activity in liver of Anguilla japonica exposed to TCE (30 and 150 mg/kg bw) at different

temperatures. Each value represents a mean value = SD of three replicates (n = 10).
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CAT activity (unit/ mg protein)

Liver
—e— 30 mg/kg bw at 20°C
—o— 30 mg/kg bw at 30°C

5N
L

Liver
—— 150 mg'kg bw at 20°C
—O— 150 mg/kg bw at 30°C

4 =)
-
o
j=8
3 4 g" 4!
=
[ =
=3
2 - fsh 2
L
<
1 O 4
0 T T T 1 T T T L] T L T L T U T T T T T T T T T T T T T
Cortrol 0 05 1 3 6 12 24 48 96 168 2336 504 Control 0 05 1 3 '8 12 24 43 9 168 336 504
Hours after dipping Hours after dipping

Fig. 7 CAT activity in liver of Anguilla japonica exposed to TCE (30 and 150 mg/kg bw) at different

temperatures. Each value represents a mean value = SD of three replicates (n = 10).
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Liver Liver
0 mg/kg bw at 20°C —e— 150 mg/kg bw at 20°C
0 —O— 150 mg/kg bw at 30°C

—e— 3
—o— 30 mg/kg bwat 30°C

w
n
w
I

N
I

GST (nmolmir/mg protein)
N
GST (nmol/mir/mg protein)

-
I

0 ; ! E ! ! i T ﬁz i T !» 0 i % ! ! ! é t i E Ii T T

T T T T T T T T

Control 0 05 1 3 6 12 24 48 9 168 336 504 Cortrol 0 05 1 3 6 12 24 48 9 168 336 504
Hours after dipping Hours after dipping

Fig. 8 GST activity in liver of Anguilla japonica exposed to TCF (30 and 150 mg/kg bw) at different

temperatures. Each value represents a mean value = SD of three replicates (n = 10).
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3.3. AChE &4

1A ZF71A]

wE AFrE

ol

o] AChE 42 EgZFZE

ol

AAH YT oA

Acetylcholinesterase &4

l-<= )T (Fig. 9).

55



1800 -

1400 A

1200 -

1000 4

#00 -

400 4

AChE (nmol/mirmg pretein)
g

Brain
—e— 30 mg/kg bw at 20°C
—0— 30 mg/kg bw at 30

AChE (nmoliminimg protein)

T T

Cortrol 0

T

05

T

1

T — T Tl T T T

3 6 12 24 48 96 168 336 504
Hours after dipping

1600 -

1400 o

1200 4

1000 -

00 =

T T T T T T T T T T T T T

Control 0 05 1 3 6 12 24 48 98 168 336 504
Hours after dipping

Fig. 9 AChE activity in brain of Anguilla japonica exposed to TCF (30 and 150 mg/kg bw) at different

temperatures. Each value represents a mean value = SD of three replicates (n = 10).
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3.4. Stress indicator (Cortisol)

& cortisold FAE EEFE

e

Fol F 30%~1A7HAto] e

M w2 FAE Holw o] § fash] AlFs e dH=

AE#A STE2EQ cortisol T3 A E5A43 T Fo] 9l

Acetylcholinesterase®l] 2] WAsl= A= ]38 cortisol

2 7F Lk o= AZE o (Fig. 10).
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Fig. 10 Cortisol in plasma of Anguilla japonica exposed to TCF (30 and 150 mg/kg bw) at different

temperatures. Each value represents a mean value = SD of three replicates (n = 10).
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R

CYP450> HZx QIAE hemesw Ztv E4HEH oy FT/HS

ojuf oFEE FAAQl FAEZ] o]y e oI A}
Htt(Lee and Ahn,. 2020). 2 Ao & H FH1x A4

YRE A5t Bokth T7/SP6 Primerg &3t ¥4

=

DNA €7]4<do] AjCYP1A, AjCYPIB % AjCYPICI¥ = &
AR o g8la AjCYP1A, AjCYPIB % AjCYP1C19
Full-length ¢cDNAS 49131, 520, 540, 527 A7]<] d9ids
179 %k= 1,560 bp, 1,620 bp % 1,581bp ORF7} EZ 3 o]
Aok g3 x4 H kEugAlaAs gene family (AjCYPIA,

AJCYPIB, AJjCYPICI) ¥ & Bt A/CYPIAYAM =

& % uehl: 58S sk duE Egatel Brksu
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30, 150 mg/kg bw 3AFs} @4 A A= FEd HEs o
T AAA N AA=A H7el AChE @A oA oz 8] w3

A AChE &/do] dAsHA HAAaFH. ol s9 2o+ 9

3

tlo

WA QEAIRE 7|3k GFS Wtk o] Aol &

O

(Callaghan et al.. 2002) ¢4 ACHE A= 53] OPel <3
WAE &5 W3l Atjror Eslte AL ATt
183l Calichthys calichthys®] AChE €42 g vate]l2
500mg/L Fol 5 447bx JAE3 oM 354 He ol =5
#3259tk (Silva et al.,, 1993). ¥ AT % AChES <
Al FET At A 2716 JAlE = Algke] A e et th

Al 3533t AChEE otAEEAS 33}

= E o]F AEYAE st 14 ¥E§-< cortisolo] &
Hop, AE# A= o]F9 catecholamine® cortisolS ¥t}

o8k WEH WS FEste] HISE oduAde] wE &
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HI S rdeto], ofAle] el s v 4 vk (Pickering,
1993). o144l o729 cortisol %+ 5 ng/mL °JstE &
A4 At} (Pickering and Pottinger, 1989). %%l olyz}
(Chang et al., 2014) oA F&°] %S 55 cortisol®] X7}

7 ek AEE HAAT B AFoA] cortisolS H7F Ay

EAty gdelx Qltd (Barton et al., 1980; Park et al., 1999)

oA 42 H3tel AAge] BAQ cortisol FEE TE oF

stglom, o]= AEFA Z7lolL} E EolAe zto] W A3

Al ol 7o AE] & o] Qcelo] Ag-3 ZlolEta W st

SOD$} CAT+ @4rsl 424 SOD+ 02— & H202% X8

Al71aL CAT+E H202% AtAS 22 ddA7]= 985 stk
8] GSTE B2 I EAS s53A7le 84 5 sty

2 ASIAEY Ao st wro] 2gS giddtth (Fournier et

al.,1992). o7 AE7l ed=43 wuA HE, 54



GSHSF Ad#A oz 23t st GSTell gJafiA 23 dto] A
AstA AN Fakslt G4 B4 WE ®rH(Zhang et al,
2004). ¥ A7+elA SOD &4 30, 150 mg/kg bw 5ol A]
ot zfolg Holxgtom CATSF GSTES 28 Ao
= e ¢ttt o]+ TCF 30, 150 mg/kg bw FEoA &=

SOD &/4d<= WA A= §&Fs T4 Sttt A4e
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AMAZ TCE oF&o & WA AY k& 7 555
=74 3t A9= g o2 PK Solver LR3-S o] g3 5,
7F 4@ Falo A 20C ¢ 30CA 30mg/kg® 150mg/kgoll Al
ok dl# ule}ulE| (parameter) & AUATE. dol, 2§ 9l 7tof
A 247 Cmax® 25.8698-357.421, 129.905—1043.73,
40.4662-375.198°] Tmaxt 0.1278-1.31581h,
1.18943-3.338h, 0.1361-5.39822h 2L W7 (ti10) =
2.12919-3.92153h, 5.29793—-10.3544h, 0.65284—

13.8079h9] #& LA HUAL).

T A= oFETALE RS CYP450 H-8A whals R84,
TCF+ ZF & oA CYP 1 family 84S T2 THAA|FH O,

AjeyplA  FAA= AR Felld  Fr ddEgl o,
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AjeyplB FAAE ¥, =, AZdA F2 FHEHST R

AjcyplCl FAAE= 22710 zo]7h glo] ¥ha =] 9 o),

MW A= Superoxide dismutase(SOD), Catalase(CAT),
Glutathione—S—Transferase (GST),

acetylcholinesterase (AChE) % Cortisol 84S =43} t}.
gaksl &9 GST, SOD % CAT A2 & W3} Qlo] FA+
FEE FA e, AChE &4 HolA= fFostA oAl 5
AH7E A &5t S Btk T3 8 AEg A A uQ

g4 cortisol®] A= TCF 7o 5 Algto] A sgto] we} 2

= dATAdES AoE Sl Bd, WAool = TCF7)

oFEUiAbI g ol F&FS m A Rk ofye} AChES] 45 A8
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