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Toxicological effects by disposition of chemicals during development of Xenopus
tropicalis
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Several clinical pharmaceuticals detected in the aquatic environment are
concerned to result in unexpected effects on aquatic species. We found that amiodarone,
anti-arrhythmic drug suppressed the metamorphosis of tadpoles controlled by the endogenous thyroid
hormone. The antagonistic activity of amiodarone for thyroid hormone and its high accumulation in
tadpoles could induce the toxicity. Furthermore, the levels of several drug-metabolizing enzyme
expression changed during development of tadpoles, which could be partly caused by thyroid hormone.
These are important findings to evaluate chemical accumulation and its related toxicity.



A T4
T3 TR
Heimeier et al., 2010; Fini
et al., 2012
K
Ghosh et al., (2010)
2
TR
Brodin et al.,
(2013) Norman et al., 1989; Schriks et al.,
2006; Freitas et al., 2011; Matsubara et al.,
2012
Escher et al., 2011
1
300-1000
1
St.40
Thyroid receptor; TRO (A) & X Hropicills
TRPB St.52 & d
= le) Cont
L !
= L W10¢M AMD
= L~
&
i e
$ @107M AMD
2 =
Kerr et al., 1974; Kashiwagi et al., 2000; 2
Inoue et al., 2004; Heimeier et al., 2010; Miyata g 3 g % i3
wt al., 2012 (B) Day
X fropialis
A
A
Kitamura
et al., 2005; Goto et al., 2006; Heimeier et al.,
2010; Fini et al., 2012 A TR
B T3




G

X rropialis

0 -
n=
¥ e
B
ij n=4
.E 10
== n=4
. I
Cont 10 M 1070
1, 10°%, 10'M
(A) B C
1!
M
Conc. St57 tadpo ks St59 tadpoks Frogkets Adulcfrogs @ ak)
0.01 uyM 5.86 290 0.15 N.D.
0.1pM 121.29 39.46 548 0.04
©M)
@)
Xenopus tropicalis
SERA
Micron
Gryllus bimaculatus
(2) MRNA
SV total RNA isolation system
(Promega) RNA

SuperScriptlll Reverse Transcriptase (Thermo
Fisher Scientific) cDNA
KAPA SYBR FAST gPCR master mix kit Nippon

Genetics PikoRealTM real-Time PCR
System (Thermo Fisher Scientific) PCR
rPL8
©)
9000 x g
Luciferin-1PA luciferin-Multi CYP
Promega NADPH
luciferin
(4)
A6
Luciferin-IPA luciferin-Multi CYP
Promega
(5)
Thyroid responsive element
(TRE)-

PGL3-TRE RXR TR o or TR B
PRL-CMV

Dual luciferase kit Promega

(1) in vivo
St.42
10 10°M 9
10'M 10°M
41.7% 0% 10°M
96.7%
2
21
Grow th
Survival
Soltbn rat Body Ength  Tail Ength
Conc. ®) @m) @m)
Contiol 983 27005 47x+011
10%0u 950 26009 48011
10° M 983 25009 494009
10° M 96.7 *24+£008 *45x015
107 M **417 24007 *444£009
10° M 0 **23+007 **41+013

data not shown

)
A6
T3 TRa
2
in vivo
Am bdarone Am bdarone + T3
18 * 12
16 1
214 E) .
é 12 é 08
s 1 Sop
o2 §
Iz 06 04
(2 04 &
02 02
0 0
cont. 7 6 5 T3onky -7 -6 5
Log am ibdarone (1 ) Log am ibdarone (M )
2, TR
(® ¢
T3



3)

P450
CYP
AhR CAR PXR PPARcx
MRNA AhR PXR
PPARO
3
7 *
L :
é 4 ’ @St 57 tadpoles
§3 BFroglets
% B Adult frog (M)
0
Ahr CAR PXR PPARa
3, St.57
CYP1A CYP2D20 CYP3A1l2
NADPH-P450 reductase (NPR) flavin

mono-oxigenase(FMO)
CYP3A12 NADPH-P450 reductase
FMO

9 ok
2 8
2 *
27
=
s
% 6
-
55
Z - OSt. 57 tadpoles
g_“ BFroglets
$3 ®Adult frog (M)
2
2 2
2

0

cypla cyp2d20 cyp3al2  NADPH-P450

rednctace

OSt. 57 tadpoles
BFroglets
® Adult frog (M)

Relative expression vs. tadpoles
o
3
3

XtFMO3

4, St.57

luciferin-Multi CYP
luciferin-1PA
luciferin-1PA

CYP3A
CYP3A
5
A 5
5|
(A; luciferin-Multi
luciferin-1PA
(4)
CYP
CYP1A

Luciferin-1PA

@

Relative activity vs. tadpoles

St.57
CYP , B;
St57
A6 T3 T4

3-methylcholanthrene 3-MC
Luciferin-Multi CYP

Luciferin-Multi CYP

CYP
CYP1A
T3 T4
PXR CYP3A
dexamethasone(DEX) A6
CYP3A luciferin-1PA
T3 T4
CYP1A
6
A B
A 3
cont. . (Z”M) 10 cont. DEX 40uM
61
[ luciferin-Multi CYP ,
A ;T3 ;T4 Cont, 2, 10pM , B
3-MC 2pM luciferin-1PA ,
A; T3 Cont, 2, 10puM , B; DEX 10pM ]



®)

CYP1Al1

CYP2D6 CYP3A4

Ohyama et al., 2000; Elsherbiny et al., 2008

CYP
90009 NADPH

CYP
(ABT)
CYP

69.49%

remaining of amiodarone
(% of initial conc.)

incubation time (min)

250 *

|

N
Q
5}

-
o
=)

O cont.

W with ABT

(% of tadpoles cont.)
=
1)
3

@
o

Formation of desethylamiodarone

$t.57 tadpoles Froglets  Adult frogs (M)

S9

ABT

(6)

CYP1A

CYP3A12 mRNA
St.57

Dicont.

= Amicdarane

cyplafrPLs
s ° o
5] 2 4

-

o

StS7tadpoles StS9tadpoles  Froglets Adult frogs

0.03 -
0.025
]
g om
<
B ® . Ocont
]
g 0.015 m Amiodarone
© o
0.01
0.005
0
St.57tadpoles St.59tadpoles  Froglets Adult frogs

81
St57, 59
A cypla mRNA

B cyp3al2 mRNA

@)

hexabromocyclododecane (HBCD)
bithionol bromofenofos closantel
nitroxynil rafoxanide tribromosalane
benzbromarone flutamide bifenox
ioxynil acifluorfen bromoxynil
TRa TRB3

HBCD TRo T3
9,

HO_ OH

5C.
I:EL pearghvesy gm ou
Hexabromocyclododecane Bithionol Bromofenofos Closantel Nitroxynil
(Parasiticide) (Parasiticide) (Parasiticide) (Parasiticide)
(Flame retardant)
\©\ O Coc?qu: .
T Rea i PSS S
Tribr Bifenox ‘onyml
(Parasltlclde) (Parasiticide) (Herbicide) (Herbicide)
9, q N o on
ATl . (w A
Ac\fluorfenc Brorr?;xynil Benzbromarone Flutamide
(Herbicide) (Herbicide) (Antipodagric) (Antiandrogenic)
9|
3|
wihtout T3 with T3
TRa TRB TRa TR
Amiodarone aganost - antagonist -
HBCD N.S. - agonist -
Bithionol agonist N.S. N.S. N.S.
Bromofenofos N.S. N.S. N.S. N.S.
Closantel N.S. N.S. N.S. N.S.
Nitroxynil N.S. N.S. N.S. N.S.
Rafoxanide N.S. N.S. N.S. N.S.
Tribromosalane N.S. N.S. N.S. N.S.
Acifluorfen N.S. N.S. N.S. N.S.
Bifenox N.S. N.S. N.S. N.S.
Bromoxynil N.S. N.S. N.S. N.S.
Toxynil N.S. N.S. N.S. N.S.
Benzbromarone ~ N.S. N.S. N.S. N.S.
Flutamide N.S. N.S. N.S. N.S.

N.S.;
(8) HBCD

HBCD (St.57)



in vivo data
not shown

©)

(2017),

137(3) 247 — 248. doi:
10.1248/yakushi.16-00230-F.

28
2016 9
17 18

2016

2006 9 10 11

136
2016 3 26 29

Seigo Sanoh, Junpei Mori, Ken-ichi T. Suzuki,
Keiko Kashiwagi, Hideki Hanada, Mitsuki
Shigeta, Takashi Yamamoto, Kazumi Sugihara,
Shigeyuki Kitamura, Akihiko Kashiwagi, Shigeru
Ohta, Invited Symposium  "Development
Changes of Drug-metabolizing Enzymes Related
to Accumulation of Chemicals in Tadpoles and
Adult Frogs." International Meeting on Aquatic
Model Organisms for Human Disease and
Toxicology Research Mar 18-19, 2016, Okazaki
Conference Center, Okazaki

2015
2015 9 17 18

2014 2014 9
9 20
53
2014 11
8 9
/

http://home.hiroshima-u.ac.jp/ohtalab/

(1)
SANOH SEIGO
()
00552267
(2)
OHTA SHIGERU
()
60160503
KASHIWAGI AKIHIKO
50106796
)

KASHIWAGI KEIKO

00467763

HANADA HIDEKI

50228508

SUZUKI KEN-ICHI

90363043



