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Heart malformation classification and assignment of embryo development in Centropristis striata

A. Normal; B. Mild deformity; C. Moderate deformity; D. Severe deformity.
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Fig. 2 Three PAHs single exposure and the PAH+ANF com-
bined exposure effect on embryonic ethoxyresorufin-O-deethy-
lase (EROD) activity in Centropristis striata
“a” denotes significant difference between exposed group and
control group(P<0.05); “b” denotes significant differences
between single exposure group and the combined exposure
group (P<0.05).
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Fig. 3 Fluorescence images of embryosin resorufin in Centropristis striata (in the case of Bap)

1. Blank control group; 2. Acton group; a—d. Groups under single exposure of 2, 4, 8, 20 ug/L Bap; a*—b*. Groups under combined
exposure of 2, 4, 8, 20 ug/L Bap and 100 pg/LANF ANF.

& 2 PAHs B—REMFLRESMNFEFI

Tab. 2 Toxic effect of PAHs single exposure on Centropristis striata

17! 0 /% mortalit
PAHSs concent/r(:t?oi : hatching/rjte abnormality index 24 h - 48 h

acton 1 mL-L™! 89.97+1.55° 4.40+1.91° 4.56+1.28" 8.64+0.87

contrast 0 91.82+2.64° 0.00:£0.00° 2.55+1.47 2.23+0.40°
50 88.25+0.49° 22.33+2.52° 10.65+2.53° 17.86+0.33%

Phe 100 84.81+1.17% 42.33+2.52°¢ 21.34+4.00° 22.38+6.26°

200 78.39+5.28" 68.33+3.51¢ 21.04+2.14° 22.75+3.00°

500 72.56£2.21° 70.33+0.58¢ 22.72+1.55° 32.57+4.98¢

10 53.93+1.26° 32.33+2.52° 52.81+0.83° 43.85+3.18°

by 20 34.93+0.92° 46.05+6.76° 87.54+0.56° 69.67+4.04°
40 29.56+1.87¢ 60.33+4.51¢ 91.63%3.10° 100.00+0.00¢

100 31.43+0.99% 80.00+0.00° 100.00+0.00¢ -

2 73.47+0.71° 8.20+4.11° 17.65+1.43° 26.93+0.85°

Bap 4 59.07+3.30° 41.22 +1.83° 23.94+0.28° 49.48+7.32°

8 44.45+4 459 51.34+1.164 55.18+4.54° 67.80+3.90¢

20 28.60+9.63° 48.00+0.00¢ 84.93+3.20¢ 94.03+6.27°
T , , (P<0.05).

Note: Independence T test between acetone and control groups. Multiple comparison among control and Phe, Py, Bay treatments. Different
letters denote significant difference (P<0.05).
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R 3 PAHs 5 ANF BKERBEMFLREAMNSHEEM
Tab.3 Toxic effect of combined exposure of PAHs and ANF on Centropristis striata

PAHs+100pug/L /(ng' L™ /% /% mortality
ANF concentration hatching rate abnormality index 24 h 48 h
acton 1 ml/L 90.28+2.74° 5.71£0.27° 6.23£0.92° 7.35£0.29°
contrast 0 95.69+1.05° 0.00+0.00° 2.06+0.42° 2.57+0.38°
50 83.48+3.48° 51.46+1.70° 14.67+4.51° 12.70+2.08°
Phe 100 73.05+0.35° 56.73+3.34° 22.33+1.53° 18.59+0.32¢
200 73.79+1.21° 81.33+2.31° 26.00+1.00° 23.77+0.70°
500 71.49+0.07° 85.67+4.04° 32.33£1.53¢ 26.62+2.71¢
10 79.91+4.20° 45.67£1.15° 6.55+0.45° 7.52+1.06°
by 20 76.63+5.05" 60.82+5.84° 12.60+0.53¢ 15.04+2.18¢
40 80.70+3.27° 75.02+5.00¢ 15.76+0.57° 18.24+0.86°
100 78.09+2.53° 73.58+6.68" 19.87+2.99¢ 24.28+4.00¢
76.83+1.68° 26.56+0.51° 9.03+1.57° 9.66+1.35°
Bap 4 75.23£0.59° 40.29+0.70° 9.69+0.93" 12.69+1.44%
8 71.38+0.51° 60.03+0.05¢ 14.11£0.12° 16.88+1.63%
20 64.65+0.32° 67.00+8.544 17.95+0.17¢ 22.21+4.21¢
T , , (P<0.05).

Note: Independence T test between acetone and control groups. Multiple comparison among control and Phe, Py, Bay treatments. Different
letters denote significant difference (P<0.05).
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Toxic effects of three polycyclic aromatic hydrocarbons on early em-
bryonic and larval development of Centropristis striata

KONG Xiangdi"?, LIU Li"?, LI Yanlu?, YU Huanhuan'?, CHEN Chao’

1. College of Fisheries and Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: We conducted this study to determine the toxicity mechanism of polycyclic aromatic hydrocarbons
(PAHs) on the early development of the marine fish Centropristis striata. We analyzed individual exposure to
phenanthrene (Phe), pyrene (Py), and benzo(a)pyrene (BaP) and co-exposure of each with a-naphthoflavone (ANF)
to assess their toxic effects on early embryonic and larval development of C. striata. The results showed a clear
dose-response relationship between Bap and Py concentration and ethoxyresorufin-O-deethylase (EROD) activ-
ity compared with that of Phe. The effects of the PAHs on EROD activity were in the order Bap (857.52% of con-
trol) > Py (514.21%) > Phe (280.50%). Maximum EROD activity occurred at the highest concentration compared
with that of the control group. EROD activity was inhibited (189.27%, 278.55%, and 195.40% of the control)
when ANF was added to Bap, Py, and Phe, respectively. Toxicity of the PAHs to hatching rate, deformity index,
and early embryo and larval mortality was in the order of Bap > Py > Phe. PAH concentration and the percentage
of fertilized eggs and hatching rate were negatively correlated but PAH concentration was positively corre-
lated with larval mortality and the deformity index. Bap and Py showed reduced toxicity when combined with
ANF. These results show that PAHs with different ring structures have obvious toxic effects, although there were
differences in the mechanisms among them.
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