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The effect of benzo[a]pyrene on in vitro oocyte maturation of

longchin goby, Chasmichthys dolichognathus

Sun Ji Hwang

Graduate School of Education,

Pukyong National University, Busan 608-737, Korea

Abstract

Benzo[a]pyrene (B[a]P), one of polycyclic aromatic hydrocarbons (PAHs) is
lipophilic and - organic - environmental pollutant derived from ' crude oil and
incomplete combustion of carbon. B[a]P has been demonstrated to| be potentially
mutagenic, carcinogenic and teratogenic as well as to impair some functions of
the reproduction of fish. This study investigated the effect of /B[a]P in vitro
during oocyte maturation .in the marine [fish, Chasmichthys dolichognathus, using
steroid hormone assays-.and GVBD. assay. Maturing oocytes (oocyte diameter =
0.74, 0.88 and 0.93 mm) were incubated-with~1, 10 and 100 ng/mL of B[a]P for
24 hours. In oocytes 0.74 mm diameter (vitellogenic oocytes), B[a]P had no
significant effect on GVBD at the concentrations tested. In oocytes 0.88 mm
diameter (fully vitellogenic oocytes), B[a]P inhibited GVBD significantly at 1 and
100 ng/mL, significantly decreased T production and increased the ratio of E2/T
at 1 and 10 ng/mL compared with control. In 0.93 mm diameter oocytes

(germinal vesicle located near the center of oocytes), B[a]P induced GVBD

_iV_



significantly at 10 and 100 ng/mL and decreased the ratio of E2/T significantly at
1 and 10 ng/mL compared with control. The results from this study suggested
that B[a]P may act either estrogenic or anti-estrogenic effects according to ovarian

developmental stage.



tpehelekE B3} A F(polycyclic aromatic hydrocarbons; PAHs):= 271 o]}t
A el s Zha e T4 e @A wrIE g EEA, 959 FAEE
o, BAsetEe] Eehd dast 2 thdd Aol AAH] sgelA &
(Blumer, 1976; Menzie et al., 1992; Collins et al., 1998). &3] LA
skl shrheb efiQh A e HA=st ol S A EE PAHsE 7
welH A @olA ofFE MRS dFAEECdA S TEER 45

(Varanasi et al, 1982; -Meador et al, 1995) A&y A48 A7t

ol
(27
o
L
=

(Maccubbin, 1994; Carlson et al.,, 2004). W3 ¥ 37| A PAHs :=Fo] A2 =
d, WAl ek Zielal Eevolet e gluhal WoaLE A fltk(Mackenzie
and Angevine,/ 1981; Hardin et al., 1992; Zenzes et al., 1998; Kawanishi et al.,
2009).

Benzo[a]pyrene (B[a]P)2 T3EZ <] PAHs=, ©]=-2] CERCLA's priority list of
hazardous substances (http://www.atsdr.cde.gov/SPL/index.htmL)¢l| 4= PAHs<}
Benzo[a]flouranthene®@} 7} Bla]P-S /o] 7} ZFsk A9 10714 =4 2
SEAl 7] Lt} B3 = AlQk ol -4 (International -Ageney For Research on Cancer,
IARC)ell A=  BlalP SIAEY=HA=E  E573AHIARC, 2010). Bla]P=
cytochrome P450 1A (CYP1A1/A2) bl g 4 o] &
anti-7,8-dihydroxy-9,10-epoxy 7,8,9,10-tetrahydrobenzo(a)pyrene (BPDE)Z Tt A} 4

" DNAS} ¥4 #3 ¥ BPDE-DNA @43to], Eawlols ¥ ¢d #4 54

it

_[Qr
S YeEdtH(Huberman et al., 1976; Baird et al., 2005). &3] 31 7 A3l 5
3}

=

:

of o&] f-Z¥ Bla]PS &4 5/ E % (water soluble fraction; WSF)

=
o} o}RE WR A% ABEA FA5A, WA, B, 2w
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)% Wozl oy Agu Aol wolshz UEul /%S wAAIY
& 4 ) tH(Buhler and Williams, 1989; Carlson et al., 2004; Wills et al., 2010).
Bla]P2 H3F xenoestrogen 35S dvtar LA ¢l W (Monteiro et al,

2000a), &7 ¥-9]) A o) = 2 (endocrine disrupting compounds; EDCs)Z 2§ 2] o
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vitellogenins(Vtgs)o] Ao wW3tow ZHT7] AlF s W3 A7
(vitellogenesis)ol| 3= estradiol-173 (B2)7} F& ZEEoz 2434 719
estrogen receptor (ER)el] ZA3le] Vigse] A& F 3 tH(Young et al, 1982;
Patifio and Sullivan, 2002). Y3k&do] &yt S H-E vl gh7}%] = progesterone
] H A<l maturation-inducing hormone (MIH)e] 2ja] XA WrRA¥ =
2] maturation promoting factor (MPF)E. 2HASEA| 7] © 224 &l uk | 333 (germinal
vesicle break down; GVBD)®} ZAFEA S A7 8LA 3ta wpxEro 2 vjgA] 7]
=4 ot (Young et al, 1982; Patifio and Sullivan, 2002), ©}++2] =¥ MIH
o = 17a,208-dihydroxy-4-pregnen-3-one (17a208P)>} 17a,20
B,21-trihydroxy-4-pregnen-3-one: (17a20821P) o] A<= 5% Ao &3} A4 =
HEol= s2&os  d4#HA vk 17a208P=  doli, FAVfEO
(Oncorhynchus mykiss), &% (Chamichthys dolichognathus) ~1¥] 3l 7]E} &9
+(Nagahama and Adachi, 1985; Baek, 1990; Nagahama, 1997; Baek, 2008)°f A],
17a20821P+= Wl o] F2} Fo]F(Thomas and Trant, 1989; King et al., 1997;
Nagahama, 1997)0lA] MIH= ¢elA] QIth Abeg BI%E £/-7E B[l =%

Azl A gl A Bla]Po] o Z9] 7S A3, androgens estrogen® = 7 g

-~

A 71=d E 23 aromatase®] mRNAS] 23 a8 Afs] dF E29 3% 7



A7) antiestrogenic effectE 7[X| &= Aoz d# A Qth(Arcaro et al., 1999;
Neal et al., 2010; Xu et al., 2010). In vitroo| A o] F 5 Aoz 3 Adoqn
Bla]P ol whel WA xF oA E2¢] AN F=7F A tH(Monteiro et
al., 2000a; Monteiro et al., 2000b).

# ol fathead minnow (Pimephales promelas), medaka (Oryzias latipes), ~L¢] 3l

zebrafish (Danio rerio)®} 78 22 Ho{E model fish= 3|4 Bla]PS X3

c
)

gk EDCs®] vuvhekst =g "2y AlAaglo] o] Folx|al 9l oKUS.
Environmental Protection Agency, 1998; Organisation for Economic Co-operation
and Development, 2004), g2t & thAlto 2 3= AFE= F=3ivh ugha B
Aol A= AFo]FE o g A o ol A 2kA] <2l #A5E,  Chamichthys
dolichognathus-S t]Ao = 39t} s E s olale] £3ts 430
FE GEYY B e ojfol QB algk =vlel hx Abelu} tide poold]

A 3] & 4 = AdAAd ofFoltt (Chung, 1977). HE=2 29 &2

=557 S Agtel A asl A sl i, A A7) 7E gfol A2 E 3]



1. A¥ol
A5 (Fig. D2 2t&7|2 FA45 = 2011d 59 (Baek and Lee, 1985) -
A A

gAbol A Ageladeh Adse) AFH AFL 01 o, AFE 001 gA
=43}tk (Table 1).

Fig. 1.

Mature female longchin goby, Chasmichthys dolichognathus.



Table 1. Measurements of longchin goby, Chasmichthys dolichognathus used in this study.

Total length Total weight Oocyte diameter
(cm) (2) (mm)
Fish 1 6.0 222 0.74
Fish 2 5.3 1.68 0.88
Fish 3 6.0 2.33 0.93




A& o] 0.5 mL/L2] 2-phenoxyethanolz= vl Al 7] F- g eo ] “HAS AFH
3}o] ice-cold balanced salt solution (132.96 mM NaCl, 3.09 mM MgSO, - 7H,0,
0.98 mM MgCl, - 6H,0, 3.40 mM CaCl, - 6H,O, 3.65 mM HEPES)S = A 23}
vk AFE das b w9AS o] &ste] dAERE A7 dRAxE £
stk 7 Agojo] waolA AR E Fud GRAES W Table 13}
2o Bed G R A XS 24-well plateo] welld Leibovitz L-15 (L-15) 8f k<
(Gibco) ImLoll 207§¢] WEAEE Zzt 53 5 BllPE =¥ = (1, 10,
183l 100 ng/mL) H7psle] 18 Toll Al 24A1%F w23} t). balanced salt
solution¥} L-15 wj ko] pH= 7.7, A5 5+ 300 milliosmol = 224 319 U},
Bla]P2 #% dHeje] A|<Fg& B[a]P (WAKO, Japan) 5 mgS- ] 3 A] 7] ethanol
(Merck, Germany)ol] £3]A#A mg/mLe] {FF&dS wEo] Tz 3435
o ApEssT



hematoxylin¥} eosin®. @ Wl Asle] B3t 1|4 (BX-50, Olympus, Japan) 3}
SlA AU FEE BaPe] wEH GLAYSe AL % T v
S A3 = clearing solution (ethanol : formalin : glacial acetic acid = 6 : 3 : 1)<
Hohete] GVBDS} Aol f 5% BAIA o, AA FRALY TN AT
E Aeg FA o W3 GVBD7} #EE dRAEY] FE WE

WRAY 8 & wjekal2 =3ghgu) (ethylacetate : cyclohexane = 50 : 50)=
T Z18]31°17020B8P2] 5 55 Aida et al. (1984)2] HIHo| uwlz}
¥ (radioimmunoassay, RIA)© & F2335}91 U},
Ago] Ag¢¥ A= E29F T Cosmo-Bio Co. Ltd. (Tokyo, Japan) ZL#] il
17a20B8P+= INRA (Rennes, France)ZF-& It} standard & 252 Steraloids
Inc. (Wilton, NH, USA)¢} Sigma Chemical (St. Lousi, USA)=F-¥ T 3}53ic}.
w3l WA EAE [24,6,7-°H]-E2, [2,4,6,7-°H]-TS Amersham Life Science
(England) = 5-¥] 43F% 3, HAFEA] S 17020B8P+= Scott et al. (1982)e]
o o]&lAl [1,2,6,7-'H]-17a-hydroxyprogesterone = F-B] # A2 H3o 2
TLCol o8] o) & AL Asstat

ne
o

ke
T



E2, T 283l 17020B8P RIAA S| sloA HA HEHES 27 12.5 pg/mL, 10
pg/mL, 10 pg/mLo] %) 3L assay W} (intra-assay)®} assay I} (inter-assay) W& A5~
£ 50% HAZEA FAFS A3 E2 RIAAGNAE 34 (=3)2} 11.5%
(1=6), T RIAAI| A= 23 (n=3)¢} 12.5% (n=6), 17a20B0HP RIAZA o] 3.2

(n=4)¢} 9.5% (n=8)31t}.

5. SAEA

RE dolHe #Hu+tdeoxz dedt e BAE SPSS 120 for

ll

]_

=]
Rl |

23
WindowsE o] £8}e] #2139 o1 Kruskal-Wallis testS A Al &}9lth. A}

olt

k-
£ Bonferroni testE o]£3Fe] P < 0.059 A% EAZHo =z Solsluty HA

AT,
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183l 0.93 mmo| ] tH(Fig. 2-A, C, and E). 9]

1}

Fig. 2-B, D and F¢}

-
1.

lpax

j2)

23!

093 mm YEAMIEE EF

—_
o

oA € ol

it
o
N~

L

3

o] A7 AlE

it

G

R



Fig. 2. Morphological observations of oocytes from longchin goby, Chasmichthys
dolichognathus. A and B, oocytes of 0.74 mm; C and D, oocytes of 0.88 mm; E and F,

oocytes of 0.93 mm



2. B[a]P =] WE dRAEe AEEFH GVBD &3 X%
A}

Tl BlalPell 24417 wiFe F A G RA XS] APGES Figo 33 2
vl G W4 074 mme] W RAF A= AbEE GRA oL gk P
74 0.88 mme] WEAM XA = Bla]P 1 ng/mL FEoA 71 & AU ES
dom, H A 093 mme] WRAE Aol thrTelA 1.8+1.8%,
10 ng/mLol| A 3.3+33%E K9t}
=5 Bla]Po] 2447 wj¥e & GVBD ## A= Fig 33 2t Hir o
7 0.74 mm¢l R A E] A= GVBD AdE Fel st A e A gkt
W7 0.88 mme] VR A ¥ A= BlalPS 1 ¥ 100 ng/mL= 2] 3k 23 o
Al GVBD7} Z+7} 24.70+2.39% 9} 18.68+1.87% % % T (34.4442.94%)¢] H]3
Fro)stA A AT (P<0.05). 3 W @A 0.93 mme HGEAEA =
Bla]P-S- 10 ¥} 100 ng/mL= A e]st 23 Fo| A GVBD7} 72 44.81+2.89% <}
47.37£2.63% % T 2= (26.3620.80%)°l H]& 2] 34 =713k (P<0.05).
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Fig. 3. Effects of different benzo[a]pyrene concentrations on in vitro GVBD and mortality
in longchin goby oocytes (oocyte diameter = 0.74 mm, A, 0.88 mm, B, and 0.93 mm, C)
after 24 h incubation. Values are meantSE of each GVBD in three replicate wells with
20 oocytes/well. Data were analyzed using Kruskal-Wallis test and Bonferroni's adjustment.

Asterisks indicate significant differences from controls (P<0.05).



3. Ba]p =59 & A LHRO)E =2 = W

F3t @7 0.74 mmg) FEAEE o] gdle] H8 BlalPol] 2447 mE A7)
‘—611 /‘g/\é% }\6] f—EﬂEO]E ii%fﬂ ﬁ- Flg 49,]- 711:]- T 2= 1=
FE (1, 10 223 100 ng/ml) AolA wizo vawste] F2d W E

Bolx] ek}l E29} 17a20BP ¥ %3 Bla]P ¥ 27} £S$52 F7tsd oy
o] gk pol= HolA &t
Ho W 0.88 mmel WA E

5 A A AEHRolE T EES W3l Fig 53 Zul T %3+ B[a]P
1 3 10 ng/mLolA] ZZF 390.10£17.69 ¢} 335.18+55.72 pg/mLz T]ZxF
(575.35+49.25 pg/mL)ol H]3] 523 A 723 AT (P<0.05):

Hit 34 093 mmQl HEAEE o] &3k FEWE Bla]Poll 24417 =FA17]
Z PAE A AHR|E R FLHsE TE % (1, 10 g il 100
ng/mL) Mo F513 W& HolA| At (Fig 6).
=49 T E29) 5= E2/Te} E2/17a208P8] Hj &= &Ateisiv}. o] nl&
< A 2H=R]E ZE2F RS HE WEH] 2#e AREZ o|&H
)t} (Folmar et al.~1996; Hwang et al. 2010). E2/T<}-H]-& (Fig. 7)o 4+ B[a]P
1 3 10 ng/mLE Hat W 0.88 mmol Al tizho] BIs] #olstAl S7Fe Ao
W, "1t @47 093 mmel A Bla]P 1 3} 10 ng/mLel A vzl H]a] 2] 3}7
7 2¥ 9 t) (P<0.05). E2/17a208P¢] H]& (Fig. 7)dlAE BE F1ho A S8l s

WS Bl x| gttt
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Fig. 4. Effects of different benzo[a]pyrene concentrations on in vitro steroid hormone
production in longchin goby oocytes (oocyte diameter = 0.74 mm) after 24 h incubation.
Values are mean+SE of each steroid levels in three replicate wells with 20 oocytes/well.
Data were analyzed using Kruskal-Wallis test and Bonferroni's adjustment. Asterisks

indicate significant differences from controls (P<0.05).
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EAN

Bla]P2 5712 WA g E 7}7 dlEd<] PAHZA, Al AL Aol A A4
Qo wHA v
(Huberman et al., 1976; Baird et al., 2005). % <-4l Bla]P= A3} Al <ol 3o

o

¥ Bla]P-thAt FEAEL E9wolel wet

3= &M 73RS WA 7]+ EDCs= & A ) th(Patel et al., 2006; Dong
et al,, 2008). & Ao = AH7] AAEY FEAZ(EHTHAE 074, 0.88 1
23l 093 mm)E o|&3}o in vitro Z71o) A Bla]Po] YR AIES AL3A
ojWl JaFE v KA Lolur] 9, GVBD &9l wjokel o] AE| 2o|=
TEE FE WSE AU GVBD &3 wjcke] Ujo] A ROE &

2] T o9 Edo dg yEH 2w A2 ALE

H oA grH(Tokumoto et al., 2005; Back et al., 2007, Hwang et al., 2010).

2 A7 BE WA A BlalP =Fo] mE GEA YL ATE #EE 10
% ol3le] W& A= ekt In vitro 710 A bovine oocytesE Ao 2

B[a]P 10 3} 20 pM= =FA| 7] A -9 Al &= oocyte maturation3} cytotoxicity ol 3=
ol Walr glslvl(Lazzari et al., 2008; Luciano et al., 2010).

o
.
e

7 0.74 mme] YT AF]A Bla]P =Eol WE AHZOZ TEE
=9} GVBD &#E H W dose-dependently mannery= S813}A vhepUbA] 9kgk
th @yt 0.88 mmQl WE A REO|A = GVBDZE AsH A0, o]ek FALSE
A T =7 vA AEIA dixdoez 093 mme GEAEoA =
GVBD7} 315 = Aets = d3rF vhgh

E2/T v &2 idvugd 54 s 9 0¢d 54 =% & A4 AHRE]
= 328 W sk X F 2 AE-% ™ (Folmar et al., 1996; Hwang et al.,
2010), E2/17a20BP W] &2 &3 A 7] o] $2] E2 A7 progestin A/ ¥ &}



fu)
rol
By
=
fu
>
ofo
i)
]
o
i

(Sretarugsa and Wallace, 1997; Baek and Park, 2009).
& .88 mm3} 0.93 mmgl WEA XA GVBD ZAi}e}
FAReE Ao gkt Fidd 0.88 mm<el W E A X o A= Bla]P 100 ng/mL

2
>
o,
=
£
o
o

S A 9F BE A F(1, 10 ng/mL)o]) A EYT H]&o] Z71E dxw HidA
0.93 mme¢l WRAEAE E2/T H]&o] ZAFHAct wels Bla]lP2  fully

S B
vitellogenic stage AFeje] Hw&H o] W A X o A= estrogenic activity-S 5 7}A

= 7= &7 Bla]Pe] estrogenic activitydi= RS 7] Zlo] 2gd Ao w

Azt kx4 E2/17a208P M) €3 GVBD &7t 5813 AddAdS vE

O

%) ¢rgrt}, w3 GVBD &3t/ MIHO. 2 A ZFE=17020BP9) H w9} =g
St AR S HolA AR T FE7F GVBDE U523k A Hola 9l

t}. Nagahama and Yamashita (2008)% E2:= W Al & f-of gko] glx|wt 17
a20BP wk ol T Hdk 2 &2 £Aa v GVBDE fx=dhtfal Hal
Bk webd HEEe) WEAEAAE 170208P7 obd thE suzols mE

o] MIHe.Z 233 & 7 dE Ade = 5 Atk ol& HAslA in vitro =

A i ek gAE dEAYE 8 EFES T dRATY HF A59Ad
T} e 2E ol ZEio] ojH g vAEAd He A7 Bes

.

Estrogenic %-i= anti-estrogenic effecti= W4 gk G324 kg oz )
g g )

o
X
iu)
=
rir
P
o

2 #7718 s2E 2H-E WEAA estrogendt AR wRE
9] 7] th(Nicolas, 1999). Estrogenic effectE 7}*]i= EDCsi= estrogen} --A}gh
449 814 ERo| AgAoz Ags el wSas SA4E B8]
v B2 Aol F<E dA o] Z-83F= aromatase?] A L HS =AM FA F
40 B0 BEoF Fukstel BRANY AEAHHAL AANE Aew
& 4 2t} (Danzo, 1997; Tollefsen, 2002; Scholz and Mayer, 2008). WAl 4 o 2



PAHso| =Z¥ 47 7Fxbnlo A= E 9] vitellogenin, T, “1¥] 3l E29] F%7}
A% @) al(Janssen et al.,, 1997), zebrafishol 4]&= B[a]P¢| vitellogenin¥} aromatase
o] &4dE FZHAA estrogenic FEFE 7FXIthal Kl vh(Hoffmann and Oris,
2006). ®W+H o] anti-estrogenic effectZ L ERU3= 22L& ERel| AAF o2 Agst
%= Q)R "k estrogenic effect’} UEMIX] AL o}F ofd EAS !

aromatase®] A3 Wa S AdE E2o HAELE ZFaAYE EAS W

K

et
o

o

UH(Arcaro et al, 1999; Hirose et al., 2001). In vitrool| A~ 7}Av] (Platichthys
flesus L.)°] 3P F7)e dlFsh= FaE BlalPol A eldt Ay} Bla]Po]
A9 AHREOE ALE AAAA7)aL T B2 371 A Al i2(Monteiro et
al., 2000b), PAHsol| x=F%¥ dANYg ¥Hlojo FF E2 &5 At
(Thomas, 1990). Dong 5(2008)< <4Al#] = Bla]Pel A7l Z 3} Bla]P2 A
21 4~ 2} 3] 2] aromatase®] 24 -2 A A] A A] antiestrogenic effectE 7} thar M
a3l #H-<l estrogenic effecty} antiestrogenic effectE & Aol 7}%|+= EDCs7}
KL% 3 91t} Bisphenol A (BPA)o| =z ARl W50 WGRAlY ¢ W
@4 71l= BPA 27} B28] EH|E HAletH, HF/ds7]ol= E2¢9F 170208
P #1]& AAsE Aoz Hol BPA7} estrogenic effecta} antiestrogenic effect
£ FAlo 7Hzv A Halslsd vh(Baek et al., 2004).

oA A3, Blalpe AR GEAZ ] B g wey oL dde] o
2 Aow Az} Fully vitellogenic stage®] WE A XA = Bla]Po]
estrogenic activitys F7FAI7IH HE A5S AT BHE UEHAARL
w3ty o] 1 EFk W E M XA = antiestrogeic effectE H Tl wpEla] H
ATollM= Bla]P2 dRARES A5 A EE dA e wE | GRAE s
o] estrogenic effect ¥t o}1] ¥} antiestrogenic effectE Y ERi:= Aoz Az
Tk Bla]Pe] WREAE o] WA= Aol thd A VRS A=

S ool A E29} 17a20BP 59 steroid receptore]] 33t F-A}AYESHA of -

ri
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Benzo[a]pyrene  (B[a]P)  U}ghulEFs  EFEFAF(polycyclic  aromatic
=

hydrocarbons; PAHs)o| <3} izl 54 &2

7o, YT

% H=A4< 349 GVBD (germinal vesicle breakdown; =& 1])9} o] A

o FEl= A 2HROE ZTEE v HEE xALEAU. "WodA 074,

0.93 mm¢l A<t GEAEZEESS 2441 v $ GVBD ##sk
Ay Gyt 0.88 mme] W EA FEo| A= Bla]PS 1 ¥ 100 ng/mlzE * g
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—_
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