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Early Life Stage Toxicity of 2,3,7,8,-Tetrachlorodibenzo-
p-Dioxin (TCDD) in Goldfish (Carassius auratus)
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College of Pharmacy, Sungkyunkwan University, Suwon, Gyeonggi 440-746, Korea

ABSTRACT

In this study, we obtained the fertilized eggs from goldfish (Carassius auratus) and observed normal devel-
opmental stage (from fertilized eggs to larvae) in non-exposed groups. Goldfish embryos at 3 h postfertilization
(hpf) were statically exposed for 1 h to either dimethylsufoxide (DM SO, 0.1%, v/v) or TCDD (0.5ug/L). Toxi-
city and morphological changes were characterized from 3 to 120 h postfertilization (hpf). Egg mortality (0~ 48
hpf) and hatching ratio (72~ 83 hpf) in TCDD-exposed group were significantly different from control groups.
However, pericardial edemawas first observed at 72 hpf, followed by the onset of yolk sac edema and mortality.
In addition, goldfish embryos-larvae exposed to TCDD significantly increased TCDD-related gene such as
CYP1A (24~ 72 hpf) and AhR2 (72 hpf). Thisis the first study about in-depth characterization of TCDD-induc-
ed developmental toxicity in goldfish (Carassius auratus).
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Polychlorinated biphenyls(PCBs), dibenzo-p-diox-
ins(PCDDs) %! dibenzofurans(PCDFs) ¢} 7+2 halo-
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arylhydrocarbon receptor nuclear translocator (ARNT)
9] signaling pathwayS %3l cytochrome P4501A
T4 B Ok 5A4S frEshke 2oz HaEe]
g1t} (Zabdl et al., 1995; Hahn et al., 1996; Clemons et
al., 1997). o] = 713 =Ajo] 733t E2lel 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)2 3 -f-5E-ol| A
™ & 7]35-#] 8} (immunosuppression), ¥k (carci-
nogenesis), 7+ 54 (hepatoxicity), oF& djAb& 49
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3] -4tk (teratogenesis), 41 E| 8] (thymic involution),
£ (infertility), ol ~==2 A 73124 (antiestro-
genic effect) 2 =R 5E pulel= 9437 (chlo-
racne) 52| ThFEt F SolH 9 24 S|l &
AL deplie Aoz gl (Poland et al.,
1982; Safe, 1986; Couture et al., 1990; Whitlock,
1993; Fernadez-Salguero et al., 1995; Peters et al.,
1999). 3t tro]FAlFel x&H oF o A%
ol AR} H3}go] Zha, AL U oA,
Wz s g, Az E2 G TEd =
o] A W AAAe IS w]zH (Westernhagen
et al., 1981; Hansen et al., 1985; Andersson et al.,
1988; Thomas, 1989; Monosson et al., 1994; Matta,
1998; Jeong €t al., 2004). o] 5 =7|&<HA (early
life stage, ELS)ol| =3t o] 54l HA4 A7 rain-
bow trout, killifish, medaka 2! zebrafishe} 72 o
F3F Foll A o] FoA| 31 gl (Walker et al., 1994,
Elonen et al., 1998; Hahn, 2001), €3] TCDDe®l| =
= o F AR Hahe A, A, Akt
T, HEEE, 2, e 9 AME SR &
E=o] w3 gloh(Walker et al., 1994). o]2f3t
tho]Sale] o F Z7|AFDAQL wfof-2] oA
(embryo-larval stage)ell gt RIZHE-2 <Az 4
AAE S5 S8 Frtoll 2 2EE2HR A
=31 9l (Stegeman and Hahn, 1994).

7] FUjell A= POPs(persistent organic pollu-
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YERTHE A|8F Trizol (GIBCO)E o] &34
total RNAZS Ez|3s}g] em reverse transcription
(RT) % redl-time PCRE %3f theo]$4l A #4
2} (AhR1, AhRR2 @ CYPl1A)<] urale Zhaksledct.
RTule-2 2a)3} |ugtotal RNA, 1uL AMV reverse
transcriptase (Qunit/mL), 4uL. AMV RT 5X Buffer,
0.5uL RNaseinhibitor, 1uL 10mM dNTPs %! Ran-
dom Hexamer (0.5mg/mL)S & 20uL 2 3} A2
o] 1087k W= A17| 32 42°Cell A 50 uF-S-A1Z] F
94°Coll 4] 587 WHSAIZIE E RT#HEA Alope
promegax] & (Madison, WI)& A}4-3lgd. RTES
E3)] ezl cDNAX rea-time PCRel| #&-&3)9]o
o FAsl A} 3= §A R specific primerES 2X
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SYBR® Premix Ex Taq™ (Takara BIO INC, Japan)

o 0.5uMA H7}sted FFA o=z 20uL o] ¥-g-

£+ 9 % red-time PCRE 43 3l9i}. PCRY

Smart cycler system (Chepheid, USA)S A}-8-3}o]

2 9°Coll A 10&27F HHS-A17] 3 94°Cell A 5%,

51°C (B-actin) =+ 53.5°C(CYP1A, AhR1, AhR2)

o| A} 20%, 72°Col|A] 204 % 453] ¥lE-x PCR

A& AT AF 33] HhRele] PYHks

T3kt AH4-® AhRL, AhR2, CYP1A % B-actin

o] Zgtolm ME> w3 ok

AhRL1 upstream: 5-GAGCTCGTTCACACTGAAG-3

AhR1 downstream : 5-GTAGACAAGTGTGGCG-
TTGGA-3

AhR2 upstream : 5-GGACATTCACCGACCAGTC-
T-3

AhR2 downstream : 5-CAGTTGTCAAGGAGGCA-
cc-3

CYP1A upstream : 5-TCACCGACTCGCCCATCA-
TCAAC-3

CYP1A downstream : 5-TTCAGCTCTGTACCGT-
CTGC-3

B-actin upstream : 5-CACTGTGCCCATCTACGAG
-3’

B-actin downstream: 5-CCATCTCCTGCTCGAAG-
TC-3

2 98A ok 2 A7elM e AR)Ql 4oA
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A SzollM obpnlE 1:2 A== 24770
Ax A7) Aa AT g xS
3 e A" 3 3R 4 gleler (Fig. 2),
Fig. 3014 B wle} o] Azbd UdxAs 3
A & QUslTh 24A12F W RE] Ba17)e] fFo]
envelope] Fof| A} ElE gl 0w, 48417 wfoll = &
ek o] e 23] mgs #d 4 9
o} 3 & 6047l = envelope2] Y3tel] <hA gk
Z37] FeE w1 e e gasigoen 724
o] R3}7L AIRE 9l 83A|7 el 100%2]
3-8 2 5 gl

Eds
B

Fig. 1. The characterization of male and female goldfish.
Arrows indicate small white breeding tubercles in
malefish.

Fig. 2. Fertilization and collection of goldfish eggs.
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<72hr> <120hr>
Fig. 4. Morphological changes after hatching of goldfish embryos exposed to TCDD (0.5ug/L). —: york sac edema; - : peri-
cardial edema.
2. 380 ¥ tfo|F4A LH0f| uE £ uke} o] HFFubE(scoliosis)e] el ix
SEfsty =M ol A= et 2 A Erl BEE o

oAbl A ol B3t HF Al

Tl 94l xZel wE HSH SAGFe F @ Aoz FAU B3 F AEY A o

g3ty fl3 A" dE vxEL(NET 3 $A3E A3} TCDD Z<-ollA] AR5 (peri-
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04 Pz ;
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Fig. 5. Time course of gfAhR1 (A), gfAhR2(B), and gfCY P1A (C) mRNA expression in goldfish fertilized egg exposed to
vehicle(DMSO) and TCDD (0.5ug/L) by quantitiative real-time PCR. Values for each primers were used to quantify
mRNAs for: gfAhR1 (A), gfAhR2(B) and gfCY P1A (C), note that the scale of the ordinate for the vehicle-treated egg
(left) is 1/10th of that for the TCDD-treated egg (right). Values for each primer pair were normalized to B-actin
mMRNA levels. Each bar represents mean+ SD, n=3. *Significantly different from vehicle control at the same time

(p<0.05).

s Aoz vehd dibdos 1% (edema)e
TCDD2] MR EAo) digt 8 AE2H oF, =
F o2 9w E4FolH B o] sk} (Peterson e
al., 1993). TCDDel| )& BA5A Aol S48
wd2 oA St Zerdishe] A¢ 4 AF
=Z2HGE ASlE 4 F 72402 Wl ¥Fo)
WE, 5k o] F 964\ 2ke] AT ol Foll =
ZHNE Aol ¥Fol BAHA gz 0
1% ®} gle}(Henry et al., 1997; Belair et al., 2001;
Andreasen et al., 2002a; Dong et al., 2002; Tanguay
et al., 2003). o] ¢} 7to] TCDDel| 23] F=3+= ¥
Fo wEg Aol 53 33t Ao Wgsl o
kS m|x]E =Aluke-9le] B uE ¢t (Beairetal.,
2001). 8 TCDDo)| 9)3] 2Fo] Jeht:= 7]A
2 %7 ‘%*Bl’/‘rﬁ]ﬁ]/\i osmotic balanceZE -§-x] A] 7]
=4 F9a3t &2 permeability barrier 7152 &)
ol 2]gt ZQUO] u-s] Ao} (Hill et al., 2004).
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o] Fo Wt thAeAe] TCDD =A¢] 9le] ©f
o]2-x #8 A=A = CYPLA, AhRL @ AhR22)

Agte] vj¢ Feg oz FA 9l mehy
Fo] SAHRE Rolo)| oz 7R|e] 7z §AHA} e
W] A =9} TCDD xZol o3 Jehis wsts
red-time PCR& o] 8-3le] Aoz a3l
2 Z3} Fig. 594 B wpel Zo] AhRLE djz
o B8] TCDD x=Z&FollA §24<l zo]2 B
oA ¢hgkont AhR2E AN =& & 72417,
CYPIAL: 3641778 el vls) foldel %
7Fe velyeh AhRS TCDDS| A EAjel 9o
A e 223 9L s Aoz waA e
H) (Fernandez-Salguero et al., 1996; Mimura et al.,
1997; Peters et al., 1999), £3] zebrafishe] 72
AhR2¢}:= =2] AhR12 TCDDele] Adt el ¢l
T d¥bAE el AhR-ARNT signaling pathway S 714]
A kol WHAFA A 2] tho]&al HAel| =LA 2
45 "AA] g Zlez deix vk (Andreasen
et al., 2002b). 3t CYP1Ax= AhR pathwayel] 2]l
F52EE FAHAEH TCDDY| %% o 7 (zebra
fish, lake trout)el| A] H-=(edema) o] Ft=7] o)A
o} vascular endotheliume]] W3l Eo] gl #lo] 3}
Q1= ¢iv} (Hornung et al., 1999; Andreasen et al.,
2002q). % dAFol| A= pericardial edemarl 317}
NS 7227088 AAE Uehd] At
12017kl bl B2 4 lglend, CYPIA
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MRNA 23S 2% 34 o] Alzk, & wAle)
Z71Q1 24X RY 72X 71744 ﬂhrﬂl H] 3}
CYPIA mRNA &lo] §-o)81 2715 910 (Fig.
5). CYP1A knock-down <oA= o & wlrdA) o}
AollA] TCDDel| ¢J3] =% CYP1A7} o] 5419
=Ao| Za38 2o e Hldl n} ¢)u}(Cant-
rell et al., 1996; Teraoka et al., 2003; Dong et al.,
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