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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 
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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.



- 1 -

(polycyclic aromatic hydrocarbons; PAHs)

(Blumer, 1976; Menzie et al., 1992; Collins et al., 1998)

PAHs

(Varanasi et al., 1982; Meador et al., 1995)

(Maccubbin, 1994; Carlson et al., 2004) PAHs

(Mackenzie 

and Angevine, 1981; Hardin et al., 1992; Zenzes et al., 1998; Kawanishi et al., 

2009)

 Benzo[a]pyrene (B[a]P) PAHs CERCLA's priority list of 

hazardous substances (http://www.atsdr.cdc.gov/SPL/index.htmL) PAHs

Benzo[a]flouranthene B[a]P

(International Agency For Research on Cancer, 

IARC) B[a]P (IARC, 2010) B[a]P

cytochrome P450 1A (CYP1A1/A2)

nti-7,8-dihydroxy-9,10-epoxy 7,8,9,10-tetrahydrobenzo(a)pyrene (BPDE)

DNA BPDE-DNA 

(Huberman et al., 1976; Baird et al., 2005).

B[a]P (water soluble fraction; WSF)
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(Buhler and Williams, 1989; Carlson et al., 2004; Wills et al., 2010).

B[a]P xenoestrogen (Monteiro et al., 

2000a) (endocrine disrupting compounds; EDCs)

(gonadotropin; GTH)

 

vitellogenins(Vtgs)

(vitellogenesis) estradiol-17 (E2)β

estrogen receptor (ER) Vtgs (Young et al., 1982; 

Patiño and Sullivan, 2002) progesterone

maturation-inducing hormone (MIH)

maturation promoting factor (MPF) (germinal 

vesicle break down; GVBD)

(Young et al., 1982; Patiño and Sullivan, 2002)

17 ,20 -dihydroxy-4-pregnen-3-one (17 20 P)α β α β 17 ,20α

,21-trihydroxy-4-pregnen-3-one (17 20 21P)β α β

17 20 Pα β

(Oncorhynchus mykiss) (Chamichthys dolichognathus)

(Nagahama and Adachi, 1985; Baek, 1990; Nagahama, 1997; Baek, 2008)

17 20 21Pα β (Thomas and Trant, 1989; King et al., 1997; 

Nagahama, 1997) MIH B[a]P

B[a]P androgen estrogen

aromatase mRNA E2
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antiestrogenic effect (Arcaro et al., 1999; 

Neal et al., 2010; Xu et al., 2010) In vitro

B[a]P E2 (Monteiro et 

al., 2000a; Monteiro et al., 2000b).

fathead minnow (Pimephales promelas), medaka (Oryzias latipes)

zebrafish (Danio rerio) model fish B[a]P

EDCs (U.S. 

Environmental Protection Agency, 1998; Organisation for Economic Co-operation 

and Development, 2004)

Chamichthys 

dolichognathus

tide pool

 (Chung, 1977)

in vitro

B[a]P B[a]P GVBD



- 4 -

(Fig. 1) (Baek and Lee, 1985)

g

Table 1)

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

Total length 

(cm)

Total weight 

(g)

Oocyte diameter 

(mm)

 Fish 1 6.0 2.22 0.74

 Fish 2 5.3 1.68 0.88

 Fish 3 6.0 2.33 0.93
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0.5 mL/L 2-phenoxyethanol

ice-cold balanced salt solution (132.96 mM NaCl, 3.09 mM MgSO4 7H2O, 

0.98 mM MgCl2 6H2O, 3.40 mM CaCl2 6H2O, 3.65 mM HEPES)

Table 1

24-well plate well eibovitz L-15 (L-15)

(Gibco) 1mL  20 B[a]P (1, 10, 

100 ng/mL) 18 24 balanced salt 

solution L-15 pH 7.7 300 milliosmol

B[a]P B[a]P (WAKO, Japan) 5 mg ethanol 

(Merck, Germany) mg/mL



- 7 -

GVBD

Bouin's solution

Mayer's 

hematoxylin  eosin  (BX-50, Olympus, Japan)

B[a]P

clearing solution (ethanol : formalin : glacial acetic acid = 6 : 3 : 1)

GVBD

GVBD

(ethylacetate : cyclohexane = 50 : 50)

2 E2, T 17 20 Pα β  Aida et al. (1984)

(radioimmunoassay, RIA)

 E2 T Cosmo-Bio Co. Ltd. (Tokyo, Japan)

17 20 Pα β INRA (Rennes, France) standard Steraloids 

Inc. (Wilton, NH, USA) Sigma Chemical (St. Lousi, USA)

 [2,4,6,7-3H]-E2, [2,4,6,7-3H]-T Amersham Life Science 

(England) 17 20 Pα β Scott et al. (1982)

 [1,2,6,7-3H]-17 -hydroxyprogesteroneα

TLC
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E2, T 17 20 P RIAα β  12.5 pg/mL, 10 

pg/mL, 10 pg/mL assay (intra-assay) assay  (inter-assay)

50%  E2 RIA 3.4 (n=3) 11.5% 

(n=6) T RIA 2.3 (n=3) 12.5% (n=6), 17 20 OHP RIAα β 3.2 

(n=4) 9.5% (n=8)

 SPSS 12.0 for 

Windows Kruskal-Wallis test

Bonferroni test P < 0.05
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 0.74, 0.88,

0.93 mm (Fig. 2-A, C, and E)

Fig. 2-B, D and F 0.74 mm

0.88 

0.93 mm 0.88 

mm

0.93 mm
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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
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B[a]P  GVBD

B[a]P 24 Fig. 3

. 0.74 mm

0.88 mm B[a]P 1 ng/mL 

, 0.93 mm 1.8±1.8%

10 ng/mL 3.3±3.3%

B[a]P 24  GVBD Fig. 3

0.74 mm GVBD 

 0.88 mm B[a]P 1 100 ng/mL

GVBD 24.70±2.39% 18.68±1.87% (34.44±2.94%)

 (P<0.05)  0.93 mm

B[a]P 10 100 ng/mL GVBD 44.81±2.89% 

47.37±2.63% (26.36±0.80%) (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 mean±SE 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).
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B[a]P

 0.74 mm B[a]P 24

Fig. 4

(1, 10 100 ng/mL) 

17 20 P B[a]P α β

.

0.88 mm B[a]P 24

Fig. 5 T  B[a]P

1 10 ng/mL 390.10±17.69 335.18±55.72 pg/mL

(575.35±49.25 pg/mL)  (P<0.05).

0.93 mm B[a]P 24

1, 10 100 

ng/mL (Fig 6)

 T  E2 E2/T E2/17 20 Pα β

(Folmar et al. 1996; Hwang et al. 2010) E2/T (Fig. 7) B[a]P 

1 10 ng/mL 0.88 mm

 0.93 mm B[a]P 1 10 ng/mL

(P<0.05) E2/17 20 Pα β  (Fig. 7)



- 14 -

E
2 

(p
g

/m
L

)

0

200

400

600

800

1000

1200

1400

1600

1800

Benzo(a)pyrene (ng/ml)

control 1 10 100 

1
7 a

2
0 b

P
 (

p
g

/m
L

)

0

200

400

600

800

T
es

to
st

er
o

n
e 

(p
g

/m
L

)

0

100

200

300

400

500

600

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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Fig. 5. Effects of different benzo[a]pyrene concentrations on in vitro steroid hormone 

production in longchin goby oocytes (oocyte diameter = 0.88 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).



- 16 -

T
es

to
st

er
on

e 
(p

g
/m

L
)

0

200

400

600

800

E
2 

(p
g

/m
L

)

0

500

1000

1500

2000

2500

3000

Benzo(a)pyrene (ng/mL)

control 1 10 100 

1
7 a

2
0
b

P
 (

p
g

/m
L

)

0

200

400

600

800

1000

Fig. 6. Effects of different benzo[a]pyrene concentrations on in vitro steroid hormone 

production in longchin goby oocytes (oocyte diameter = 0.93 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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Fig. 7. Effects of different benzo[a]pyrene concentrations on in vitro E2/T and E2/17 20α β

P ratio 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 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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 B[a]P 5 PAH , 

B[a]P-

(Huberman et al., 1976; Baird et al., 2005)  B[a]P

EDCs (Patel et al., 2006; Dong 

et al., 2008) 0.74, 0.88 

0.93 mm) in vitro B[a]P

GVBD

GVBD

(Tokumoto et al., 2005; Baek et al., 2007; Hwang et al., 2010)

B[a]P 10 

% In vitro bovine oocytes

B[a]P 10 20 Mμ oocyte maturation cytotoxicity

(Lazzari et al., 2008; Luciano et al., 2010).

 0.74 mm B[a]P 

 GVBD dose-dependently manner

0.88 mm GVBD

T 0.93 mm

GVBD

E2/T 

(Folmar et al., 1996; Hwang et al., 

2010) E2/17 20 Pα β E2 progestin
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(Sretarugsa and Wallace, 1997; Baek and Park, 2009)

E2/T 0.88 mm 0.93 mm  GVBD 

0.88 mm B[a]P 100 ng/mL

1, 10 ng/mL) E2/T

0.93 mm  E2/T B[a]P fully 

vitellogenic stage estrogenic activity

E2/T

B[a]P estrogenic activity

E2/17 20 Pα β GVBD 

GVBD  MIH 17 20 Pα β

T GVBD

Nagahama and Yamashita (2008) E2 17

20 Pα β T GVBD

17 20 Pα β

MIH  in vitro 

T

Estrogenic anti-estrogenic effect

estrogen

(Nicolas, 1999). Estrogenic effect EDCs estrogen

ER

E2 aromatase

E2

(Danzo, 1997; Tollefsen, 2002; Scholz and Mayer, 2008)
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PAHs vitellogenin, T, E2

(Janssen et al., 1997), zebrafish B[a]P vitellogenin aromatase

estrogenic (Hoffmann and Oris, 

2006). anti-estrogenic effect ER

estrogenic effect

aromatase E2

(Arcaro et al., 1999; Hirose et al., 2001). In vitro (Platichthys 

flesus L.) B[a]P  B[a]P

T E2 (Monteiro et 

al., 2000b), PAHs E2

(Thomas, 1990). Dong (2008) B[a]P B[a]P

aromatase antiestrogenic effect

estrogenic effect antiestrogenic effect EDCs

Bisphenol A (BPA)

 BPA E2 E2 17 20α β

P BPA estrogenic effect antiestrogenic effect

(Baek et al., 2004). 

B[a]P

ully vitellogenic stage B[a]P

estrogenic activity

antiestrogeic effect

B[a]P

estrogenic effect antiestrogenic effect

B[a]P

E2 17 20 Pα β steroid receptor
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in vitro in vivo 

B[a]P

EDCs
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Benzo[a]pyrene (B[a]P) (polycyclic aromatic 

hydrocarbons; PAHs)

B[a]P

(water soluble fraction; WSF)

in vitro B[a]P

GVBD  (germinal vesicle breakdown; )

 0.74, 

0.88 0.93 mm 24  GVBD 

 0.88 mm B[a]P 1 100 ng/ml

GVBD

0.93 mm B[a]P 10 100 ng/m

GVBD B[a]P 24

0.88 mm

T B[a]P 1 10 ng/ml

E2/T B[a]P 1 10 ng/ml  0.88 mm

0.93 mm

B[a]P

estrogenic effect antiestrogenic

effect
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