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ABSTRACT

Crucian carp (Carassius auratus) has been used as the sentinel species for POPs (Persistent Organic Pol-
lutants) monitoring in aguatic environment. However, there is little information for dioxin toxicity and espe-
cidly, early life stage toxicity in crucian carp have been never carried out. In this study, we investigated several
toxic effects for 2,3,7,8-tetrachl orodibenzo-p-dioxin (2,3,7,8-TCDD) in fertilized egg obtained by natural fertili-
zation from crucian carp. The embryos at 3 h post-fertilization (hpf) were treated with 0.039, 0.156, 0.625, and
2.5(ug/L) TCDD by waterborne exposure for 60 minutes and changed with fresh water 2 times per day. Ferti-
lized eggs started hatching at 51 hpf and TCDD exposed embryo showed decrease of hatching rate in a dose-
dependent manner at 75 hpf. Pericardial edema was continuously observed in larvae exposed to TCDD from

hatching start time (51 hpf), followed by the onset of mortality. In addition, AhR-related gene, CYP1A was

clearly increased by TCDD in a dose dependent manner. These results indicated that fertilized eggs obtained

from crucian carp have the TCDD related gene regulation and a distinct TCDD developmental toxicity syndrome

by TCDD exposure. Therefore, we suggested that early life stage test in crucian carp could be used as test
methods on dioxins toxicity.
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Polychlorinated biphenyls(PCBSs), dibenzo-p-dio-
xins(PCDDs) % dibenzofurans(PCDFs)¢} 72
halogenated aromatic hydrocarbons (HAHs)= 317
Foll FuA REEFe Sy s EREA
(Sofe, 1994), Heo] A& B3l AES FH=H
A&H oz BAS fr=dhs Ed2 oA Sld
(Cook et al., 1993, 1997; Zabel et al., 1995). o]=| gt
EAL AzAed ZA)3= AhR(Arylhydrocarbon
receptor)3} 733}, aryl hydrocarbon receptor
nuclear translocator (ARNT) 2} 2EZ}A| S o] Fo]
dioxin response element (DRE)z}= £33+ DNA A
Aol A& E3l cytochrome PA501A1(CYP1A) &
4 g gkt =4S e deA dek(Sut-
ter and Greenlee, 1992).

o] Al Fol wZH o} F F2) Aol AlRbE
Zha, $3HE s ANE BT A, HE Y%
A, el IFATEL = FaE 29
3l A AR ¢33ks uxthWesternhagen et al.,
1981; Andersson et al., 1988; Thomas, 1989; Monos-
son et al., 1994; Mattaet al., 1998; Jeong et al., 2004).
53] tholSalo]l =28 o fAE 27| YT
A (early life stage, ELS)ell 4] -3h& 2h2x, 42,
AR 718, AR 2ha, AURE, Gy
23, 4719 9 AFTE ke fEshe
242 e Aoz el gloi(Helder, 1980;
Wisk and Cooper, 1990; Spitsbergen et al., 1991;
Walker et al., 1994; Henry et al., 1997; Teraoka et al.,
2002). wheba] o2 qt o} frol T3 ThelSAIFE |
AL Az 2 AE B2 A kel
= REEA AAIH3 g e (Peterson et al., 1993;
Stegeman and Hahn, 1994; Walker and Peterson,
1994).

&z rainbow trout, killifish, medaka 2! zebrafish
sh - hokal FellA] ol 54l SAdel w3k 2]
AEDA 54 7t o] e gl oK Walker
et al., 1994; Elonen et al., 1998; Hahn, 2001), ==y
*]E= POPs(Persistent organic pollutants) = v]E3
FozA F4E T glow tho]Salfel =gk vzt
el sl He=z d7(Ohetal, 20099)F -5
(Crucian carp, Carassius auratus)®] 73-¢- o}2]7}%]
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Fig. 1. Experimental design of embryo-toxicity test.
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o]} 5%, 51°C(B-actin) === 53.5°C(CYP1A), 57°C
(AhR1), 56.4°C (AhR2), 47°C (ARNT)l|A] 15%, 72
"Coll A} 1524 PCRa}4& AA|stodeh. A4S 23]
Wk gk Fekdth AHEE ARNT, AhRL
(Accession number: FJ554571), AhR2 (Accession
number: FJ554572), CYP1A (Accession number:
DQ517445) 4! B-actin(Zhang et al., 2003)¢] ==}
ojw Mg vhF3

ARNT upstream:
5-GGCAAGCGGAGATCAGT-3
ARNT downstream:
5-AGTTCCTGTTCGGTCAG-3
AhR1 upstream:
5-GAGCTCGTTCACACTGAAG-3
AhR1 downstream:
5-ATTGATAGCCTGAGCCGCG-3
AhR2 upstream:
5-CCAGAGAAACCTACAAACCG-3
AhR2 downstream:
5-GTGCCCTGCAATAGAGGACTTT-3
CYP1A upstream:
5-CCTGACCGCCATGAGTAAGT-3
CYP1A downstream:
5-TTGAGGAGAGCTTGACGGAT-3
[B-actin upstream:
5-CACTGTGCCCATCTACGAG-3
B-actin downstream:
5-CCATCTCCTGCTCGAAGTC-3

st
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Fig. 2. The characterization of male crucian carp. White
arrow: Small white breeding tubercles in male cru-
cian carp.
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Fig. 3. Developmental stage of non-exposed egg of crucian carp.

Table 1. TCDD effects on heart beating

TCDD Beating N/ Heart rates
conc. Total N (beat/sec, mean+ SD)
Con 8/10(80%) 1.65+0.19
0.039 4/10 (40%) 1.61+0.25
0.156 1/10(10%) 1.67

0.625 2/10 (20%) 1.78+0.04
2.500 1/10(10%) 1.65

FATE AT ZE AN A whEE 1l
39hpf A A HE] TCDD ZZol g Axuts
= A7 @A) ags Fesiden A

TEole =32 Aot vehdA] eskel(Table
1). =Aske] F3sl7] Aeb= 51hpfre=
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Aell

Zro] AR WA ok n|dS A
HEE gl om 2 FEuk(scolioss), Al
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Fo] A& 79 AEAE HuA & £ 9le
W HgHow ¥ihe gh 2 ApEe) 3718w
ol Aoz gex] ¢)cHCarney et al., 2006).
TCDD®] A =Ael o
ZQ A E2A] oF 25 U 2 T 9 FA] T
Fo] $toh(Peterson et al., 1993). TCDDel| d 3t

d
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F 72A7F el RFe] FEE, 13} o] F4l 96
Azrel AR ol Fel wFHUE Al ¥F
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1997; Belair et al., 2001; Andreasen et al., 2002; Dong
et al., 2002; Tanguay et al., 2003). o] ¢} zro] tho)
S A6 23] GrFE Rzo wi A ulzks)
A ke mAE SNl R H(Bdair
et al., 2001).

Y EE TCDDo| x2% $Ate] 49 28 &
4A)7]= permeability barrier o]Ael] ,]fs ENER)
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< A3 Aoz od=A Sl(Hill et al., 2004,
Hill et al., 2005). & AgolM= 23} 5 75471
AleRzo] TCDD x&7oX &8 o&Hos &
sA &elE g ovk(Fig. 6), W& TCDD x=
LollA Eeld 4 ldleh g ez G3ns
ARG 22 A7) F AbEe] 257 #
o A= 71_1 A eleul(Henry et al.,
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Fig. 4. Effects of TCDD on the hatching rate (%) at 75 hpf in crucian carp embryos exposed to TCDD.

Fig. 5. Morphological changes after hatching of crucian carp embryos exposed to TCDD. —» : scoliosis; -
edema.
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Fig. 7. Histologic lesions in skin of crucian carp larvae exposed as fertilized eggs to TCDD and sacrified at 75 hr postfertili-
zation. A: Con, B: 0.039 ug/L, C: 0.156 ug/L, D: 0.156 ug/L, E: 0.625ug/L, F: 25ug/L, G: 2.5ug/L, H: 25ug/L;
open asterisk, alcian blue positive; black asterisk, alcian blue negative; Bm (Base membrane); Ec (Epithelial cell); Mc
(Mucous cell); N (Nucleus).

=% CYPIA7} tholexle] EAe] FasbA 2+ xeyenko et al.,2010)2] B wel|A] zebrafishe] =7
g &<lsh vl oloK(Cantrell et al., 1996; Teraoka WA Ao A 9] Tho]$al BA kS ohoFst -4
et al., 2003; Dong et al., 2004). ¥, oF= QoA x}o] e Feld) v)wst Aa) WA oA F=
T ol fellM ] the]SAlell €3k CYPLA Whalo] o 2zl 7)) o] vpehtx] okol= CYPLA Hale
o]$-4l] teratogenesise} HAzlo] ¢lom(Caney et o3 vl A EA o] fxE 4 qlvkar ®arslg]
al., 2004) »35 &I7HA] et BRuE3 et oh 2 AT gxel| u]s] TCDD xZol|A]
(Wassenberg and Di Giulio, 2004; Billiard et al., 2006;  CYP1A<] & o] {23174 71 glen, TCDD
Hodson et al., 2007; Billiard et al., 2008). 2 Ale  x=23} Ieig Aoz AdedA 9= dokal st
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Fig. 8. CYP1A mRNA expression in crucian carp fertilized
egg exposed to vehicle (DM SO) and TCDD by quan-
titative realtime PCR. Values for each primer pair
were normalized to B-actin mRNA levels. Each bar
represents mean=+ SD.

Al 5Ae] Vehbs Rloz xol Heje] wu
el TCDD7h WzkalA dake mAx Aoz
e e,

N
rhu

U EFelFoz e e 1=
dew, A Z7)17F AX HE8] A Aol
729840 AW H4E 2
FARUEY AEFow AHgE T st
et gole) Aelystald 4% £ edE
ez % SALE R E L T
A gheh B AFelME ole] AR dAe)
Tl 4l wZe] 8 SALRL FEs) 99
Bole] Ao Tho]$A1E wEAA Hej7iA|e)
Aol e 5SS Felsiglt 1 Az
Al FF HeH AT et Bole] Ak
A F vehe A AERAE Agew &
Qleld om, EXIA o] =AlQ] AR =AY X180 7}
5 A4 B del$al A {F32HCYPLA) =
JEfez frye st wet

% £ °

it
A

)
ol

_4_4!1‘.2{.‘,[1!
)
2

LY
2

F 27

o =447k 9 AT TAZA B8 5

LAt 2
2 A7 BIWRAENEL Ao A4
71N Ared (A 30 091-071-054) x|l o=

Alexeyenko A, Wassenberg DM, Lobenhofer EK, Yen J,
Linney E, Sonnhammer EL and Meyer JN. Dynamic
zebrafish intercome reveals transcriptional mechanisms
of dioxin toxicity, PLoS One 2010; 5(5): €10465.

Andersson T, Foérlin L, Hardig J and Larsson A. Physiologi-
cal disturbances in fish living in coastal water polluted
with bleached kraft pulp mill effluents, Can J Fish Aquat
Sci 1988; 45: 1525-1536.

Andreasen EA, Spitsbergen JM, Tanguay RL, Stegeman JJ,
Heideman W and Peterson RE. Tissue-specific expression
of AHR2, ARNT2, and CYP1A in zebrafish embryos
and larvae: effects of developmental stage and 2,3,7,8-
tetrachl orodibenzo-p-dioxin exposure, Toxicol Sci 2002;
68(2): 403-419.

Belair CD, Peterson RE and Heideman W. Disruption of ery-
thropoiesis by dioxin in the zebrafish, Dev Dyn 2001,
222(4): 581-594.

Billiard SM, Timme-Laragy AR, Wassenberg DM, Cockman
C and Di Giulio RT. The role of the aryl hydrocarbon
receptor pathway in mediating synergistic developmental
toxicity of polycyclic aromatic hydrocarbons to zebrafish,
Toxicol Sci 2006; 92(2): 526-536.

Billiard SM, Meyer JN, Wassenberg DM, Hodson PV and
Di Giulio RT. Nonadditive effects of PAHs on early Ver-
tebrate Development: mechanisms and implications for
risk assessment, Toxicol Sci 2008; 105(1): 5-23.

Cantrell SM, Lutz LH, Tillitt DE and Hannink M. Embryo-
toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD):
the embryonic vasculature is a physiological target for
TCDD-induced DNA damage and apoptotic cell death in
Medaka(Orizias latipes), Toxicol Appl Pharmacol 1996;
141(1): 23-34.

Carney SA, Peterson RE and Heideman W. 2,3,7,8-Tetra-
chlorodibenzo-p-dioxin activation of the aryl hydrocarbon
receptor/aryl hydrocarbon receptor nuclear translocator
pathway causes developmentd toxicity through aCY P1A-
independent mechanism in zebrafish, Mol Pharmacol
2004; 66(3): 512-521.



250 EHT Vol. 25, No. 3

Carney SA, Chen J, Burns CG, Xiong KM, Peterson RE and
Heideman W. Aryl hydrocarbon receptor activation pro-
duces heart-specific transcription and toxic responses in
developing zebrafish, Mol Pharmacol 2006; 70(2): 549-
561.

Conklin DJ, Mowbray RC and Gingerich WH. Effects of
chronic exposure to soft, acidic water on gill develop-
ment and chloride cell numbers in embryo-larval brook
trout, Salvelinus fontinalis, Aquat Toxicol 1992; 22(1): 39-
52.

Cook PM, Erickson RJ, Spehar RL, Bradbury SP and Ankley
GT. Interim report on data and methods for assessment
of 2,3,7,8-tetrachlorodibenzo-p-dioxin risks to aguatic
life and associated wildlife. EPA/600/R-93/055. U.S. En-
vironmental Protection Agency, Washington, DC 1993.

Cook PM, Zabel EW and Peterson RE. The TCDD toxicity
equivalence approach for characterizing risks for early
life stage mortality in trout. In: Rolland RM, Gilbertson
M, Peterson RE (eds), chemically induced alterations in
functional development and reproduction of fishes,
SETAC, Pensacola, FL, USA 1997; pp. 9-27.

Daye PG and Garside ET. Structura alterations in embryos
and aevins of the Atlantic salmon, Salmo salar L., In-
duced bu continuous or short-term exposure to acidic
levels of PH, Can J Zool 1980; 58(1): 27-43.

Dong W, Teraoka H, Yamazaki K, Tsukiyama S, Imani S,
Imagawa T, Stegeman JJ, Peterson RE and Hiraga T.
2,3,7,8-Tetrachlorodibenzo-p-dioxin toxicity in the ze-
brafish embryo: local circulation failurein the dorsal mid-
brain is associated with increased apoptosis, Toxicol Sci
2002; 69(1): 191-201.

Dong W, Teraoka H, Tsujimoto Y, Stegeman JJ and Hiraga
T. Role of aryl hydrocarbon receptor in mesencephalic
circulation failure and apoptosis in zebrafish embryos
exposed to 2,3,7,8-tetrachl orodibenzo-p-dioxin, Toxicol
Sci 2004; 77(1): 109-116.

Elonen GE, Spehar RL, Holcombe GW, Johnson RD, Fernan-
dez JD, Erickson RJ, Tietge JE and Cook PM. Compa-
rative toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin to
seven freshwater fish species during early life-stage deve-
lopment, Environ Toxicol Chem 1998; 17(3): 472-483.

Gona O. Mucous glycoproteins of teleostean fish: a compara-
tive histochemica study, Histochem J 1979; 11(6): 709-
718.

Hahn ME. Dioxin toxicology and the aryl hydrocarbon rece-
ptor: insights from fish and other non-traditional models,
Mar Biotechnol 2001; 3(Suppl 1): S224-S238.

Hawkes JW. The structure of fish skin. |. General organiza-
tion. Cell Tissue Res 1974; 149(2): 147-158.

Helder T. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) on early life stage of the pike (Esox lucius, L.),
Sci Total Environ 1980; 14(3): 255-264.

Henry TP, Spitsbergen JM, Hornung MW, Abnet CC and
Peterson RE. Early life stage toxicity of 2,3,7,8-tetrach-
lorodibenzo-p-dioxin in zebrafish (Danio rerio), Toxicol
Appl Pharmacol 1997; 142(1): 56-68.

Hill AJ, Bello SM, Prasch AL, Peterson RE and Heideman
W. Water permeability and TCDD-induced edemain ze-
brafish early-life stages, Toxicol Sci 2004; 78(1): 78-87.

Hill AJ, Teraoka H, Heideman W and Prterson RE. Zebrafish
asamodel vertebrate for investigating chemical toxicity,
Toxicol Sci 2005; 86(1): 6-19.

Hodson PV, Qureshi K, Noble CA, Akhtar P and Brown RS.
Inhibition of CYP1A enzymes by a pha-naphthoflavone
causes both synergism and antagonism of retene toxicity
to rainbow trout (Oncorhynchus mykiss), Aquat Toxicol
2007; 81(3): 275-285.

Hornung MW, Spitsbergen JM and Peterson RE. 2,3,7,8-
tetrachlorodibenzo-p-dioxin alters cardiovascular and
craniofacial development and function is sac fry of rain-
bow trout (Oncorhynchusmykiss), Toxicol Sci 1999;
47(1): 40-51.

Jeong SY, Jin YG and Lee JS. Effects of polychlorinated
biphenyls(PCBs) on the reproduction of the oily bitter-
ling, Acheilognathus koreensis(Teleostei: Cyprinidae),
Korean JEnviron Biol 2004; 22(1): 159-166.

Matta MB, Cairncross C and Kocan RM. Possible effects of
polychlorinated biphenyls on sex determination in rain-
bow trout, Environ Toxicol Chem 1998; 17(1): 26-29.

Monosson E, Fleming WJ and Sullivan CV. Effects of the
planar PCB 3,3',4,4'-tetrachlorobiphenyl (TCB) on ova-
rian development, plasma levels of sex steroid hormones
and vitellogenin, and progeny survival in the white perch
(Morone americana), Aquat Toxicol 1994; 29(1-2): 1-19.

Nebert DW, Petersen DD and Formace AJ, Jr. Cellular res-
ponses to oxidative stress: the [Ah] gene battery as a
paradigm. Environ Health Perspect 1990; 88: 13-25.

Oh SM, Ryu BT, Kim HR, Choi KC and Chung KH. Mole-
cular cloning of CYP1A gene and its expression by ben-
zo(a)pyrene from goldfish (Carassiu sauratus), Environ
Toxicol 2009a; 24(3): 225-234.

Oh SM, Ryu BT, Kim HR and Chung KH. Early life stage
toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
in Goldfish (Carassius auratus), J Environ Toxicol 2009b;
24(1): 1-8.

Peterson RE, Theobald HM and Kimmel GL. Developmental
and reproductive toxicity of dioxins and related com-
pounds: cross-species comparisons, Crit Rev Toxicol



1993; 23(3): 283-335.

Roberts RJ, Bell M and Young H. Studies on the skin of
plaice (Pleuronectes platessa L.) I1. The development of
larval plaice skin. JFish Biol 1973; 5(1): 103-108.

Rombough PJ. Partitioning of oxygen uptake between the
gillsand skinin fish larvae: anovel method for estimating
cutaneous oxygen uptake, J Exp Biol 1998; 201(11):
1763-1769.

Safe SH. Polychlorinated biphenyls(PCBSs): environmental
impact, biochemical and toxic responses, and implications
for risk assessment, Crit Rev Toxicol 1994; 24(2): 87-
149.

Spitsbergen IM, Walker MK, Olson JR and Peterson RE.
Pathologic aterations in early life stages of lake trout,
Salvelinus namaycush, exposed to 2,3,7,8-tetrachlorodi-
benzo-p-dioxin as fertilized eggs, Aquat Toxicol 1991,
19(1): 41-71.

Stegeman JJ and Hahn ME. Biochemistry and molecular
biology of monooxygenases. current perspectives on
forms, functions, and regulation of cytochrome P450 in
aquatic species. In: Ostrander GK, Malins DD (eds.),
Aquatic toxicology: molecular, biochemical, and cellular
perspectives. Lewis Publishers, BocaRaton, FL, USA
1994; pp. 87-206.

Sutter TR and Greenlee WF. Classification of members of
the Ah gene battery, Chemosphere 1992; 25(1-2): 223-
226.

Tanguay RL, Andreason EA, Walker MK and Peterson RE.
Dioxin toxicity and arylhydrocarbon receptor signaling in
fish. In Schecter A and Gasiexicz TA, Dioxins and heslth,
John Wiley & Sons, New Y ork 2003; pp. 603-628.

Teraoka H, Dong W, Ogawa S, Tsukiyama S, Okuhara Y,
Niiyama M, Ueno N, Peterson RE and Hiraga T. 2,3,7,8-
tetrachlorodibenzo-p-dioxin toxicity in the zebrafish em-
bryo: atered regional blood flow and impaired lower jaw
development, Toxicol Sci 2002; 65(2): 192-199.

Teraoka H, Dong W, Tsujimoto Y, IwasaH, Endoh D, Ueno
N, Stegeman JJ, Peterson RE and Hiraga T. Induction of
cytochrome P450 1A is required for circulation failure and
edema by 2,3,7,8-tetrachlorodibenzo-p-dioxin in zebra-
fish, Biochem Biophys Res Commun 2003; 304(1): 223-

228.

Thomas P. Effects of Aroclor 1254 and cadmium on repro-
ductive endocrine function and ovarian growth in Atlan-
tic croaker, Mar Environ Res 1989; 28(1-4): 499-503.

von Westernhagen H, Rosenthal H, Dethlefsen V, Ernst W,
Harms U and Hansen PD. Bioaccumulating substances
and reproductive success in Baltic flounder (Platichthys-
flesus), Aquat Toxicol 1981; 1(2): 85-99.

Walker MK and Peterson RE. Toxicity of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin to brook trout (Salvelinus fontinalis) dur-
ing early development, Environ Toxicol Chem 1994;
113(5): 817-820.

Wassenberg DM and Di Giulio RT. Teratogenesis in Fun-
dulus heteroclitus embryos exposed to a creosote-conta-
minated sediment extract and CY P1A inhibitors, Mar
Environ Res 2004; 58(2-5): 163-168.

Wisk JD and Cooper KR. Effect of 2,3,7,8-tetrachlorodi-
benzo-p-dioxin on benzo(a)pyrene hydroxylase activity
in embryos of the Japanese medaka(Oryzias latipes),
Arch Toxicol 1990; 66(4): 245-249.

Wu YD, Jiang L, Zhou Z, Zheung MH, Zhang J and Liang
Y. CYP1A/regulation gene expression and edema for-
mation in zebrafish embryos exposed to 2,3,7,8-trtrachlo-
rodibenzo-p-dioxin, Bull Environ Contam Toxicol 2008;
80(6): 482-486.

Yamauchi M, Kim EY, Iwata H, Shima Y and Tanabe S.
Toxic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) in developing red seabream (pagrusmajor) em-
bryo: An association of morphological deformities with
AHR1, AHR2 and CYP1A expressions, Aquat Toxicol
2006; 80(2): 166-179.

Zabel EW, Cook PM and Peterson RE. Toxic equivaency
factors of polychlorinated dibenzo-p-dioxin, dibenzofuran
and biphenyl congeners based on early life stage mortali-
ty in rainbow trout (Oncorhynchus mykiss), Aquat Toxi-
col 1995; 31(4): 315-328.

Zhang YB, Hu CY, Zhang J, Huang GP, Wei LH, Zhang QY
and Gui JF. Molecular cloning and characterization of
crucian carp (Carassius auratus L.) interferon regulatory
factor 7, Fish Shellfish Immunol 2003; 15(5): 453-466.



