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Abstract: The purpose of this study was to investigate the developmental toxicity of copper sulfate (CuSOs4)
and the inhibitory effect of rosmarinic acid (RA) on the zebrafish (Danio rerio) embryos. The embryos (1
hour post fertilization, 1 hpf) were exposed to different concentrations of CuSOa solution and CuSO4 solution
containing different concentrations of RA, respectively. Control group was exposed to E3 medium. The
mortality, malformation and hatching of embryos were observed under stereo microscope. The lethal rate,

malformity rate and hatching rate were calculated and analysed. The embryonic reactive oxygen species
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(ROS) was detected using the fluorescent probe of DCFH-DA under RA defense. The experimental data were
statistically analyzed with variance analysis. The results showed that the exposure to the CuSQO4 solution
caused serious lethal effect (Fig. 1a) and teratogentic effect (Fig. 1b, 2), decreased the hatching rate of
embryos (Fig. 3) in a concentration-dependent manner. The linear regression equation between concentration
of CuSO4 and mortality of zebrafish embryos at 96 hpfwas Y = 5.59X + 7.1533, Y and X referred to lethal rate
(%) and concentration of CuSOa4 (umol/L), respectively. The corresponding half lethal concentration (LCso)
of CuSO4 on zebrafish embryos was 7.7 umol/L. The linear regression equation between concentration of
CuSOg4 and deformity rate of zebrafish embryos at 96 hpf was Y = 24.213X + 3.5443, Y and X referred to
lethal rate (%) and concentration of CuSO4 (umol/L), respectively, and the half effective concentration (ECso)
resulted in the malformation was 1.9 umol/L. At 96 hpf, RA decreased lethal effect and increased hatching of
zebrafish embryos induced by 8 pmol/L CuSOs (Fig. 4). RA decreased malformation effect of zebrafish
embryos induced by 1.6 umol/L (Fig. 5). CuSO4 and RA inhibited ROS level induced by CuSQs in zebrafish
embryos (Fig. 6). The results indicate that CuSQO4 has serious toxic effect on the development of zebrafish

embryos, which may be associated with increased ROS level and caused oxidative stress. RA inhibits

developmental toxicity of CuSOa by reducing oxidative stress.
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Fig.1 The toxic effects of CuSO4on lethal rate (a) deformity rate (b) of zebrafish embryos
B E A R BRI REN ER (P<0.05), HFRTFHREERAEE (P>0.05).

Different letters mean significant difference (P < 0.05), same letters indicate no significant difference (P > 0.05).
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Fig. 2 Typical malformation of zebrafish embryos induced by CuSO4
a. IEH 4, b~f. CuSO, ITE I 4hfa: b, BEEFE K (0.8 umol/L CuSO4); ¢ ~ . HHEZ i (c. 0.8 pmol/L CuSO4, d. 0.8 pmol/L CuSOy,
e. 1.6 umol/L CuSOy, f.4 pmol/L CuSO4) .
a. Normal embryo; b - f. Embryos treated with CuSO,: b. Yolk sac edema (0.8 pmol/L CuSQy); ¢ - f. Spinal curvature (c. 0.8 pmol/L CuSOy, d.

0.8 umol/L CuSOy, €. 1.6 umol/L CuSOsq, f. 4 umol/L CuSOs).

0.8 wmol/L B JFfb A W E &A%, HE SR RZEHEPmN, FFKZE 8.9%M 5.7%.
AL BES CuSOL MK E T LB 3). 2.2 KEEEX CuSO, LA RER
2 CuSO, WKL E] 3.2 A1 4.0 pmol/L I, Wtk HEEHNEIVER
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Fig. 3 The toxic effects of CuSO4on hatching rate of
zebrafish embryos
B RE AN R 7 BRI A R B 225 (P < 0.05), MR
FRARZERALRZE (P>0.05),
Different letters mean significant difference (P < 0.05), same letters

indicate no significant difference (P > 0.05).
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Fig. 4 Toxic effect of 8 pmol/L CuSO4 on zebrafish embryos were inhibited by rosmarinic acid

AR B3 IR T ISR S fUIRAG, SRR RO BRZE R AE RN 100 umol/L REIEFFIRAT E3 HiFRiU P R BE D R R -

Blank control refers to zebrafish embryos cultured in E3 medium. Rosmarinic acid control refers to zebrafish embryos cultured in E3 medium

containing 100 umol/L rosmarinic acid.

& P ARVE A [F - B R R HL AR AR BB TR 2R (P <0.05), MHEAFIMREZEFARE (P>0.05).

Different letters mean significant difference (P < 0.05), same letters indicate no significant difference (P > 0.05).
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Fig.5 Toxic effect of 1.6 pmol/L. CuSO4 on zebrafish embryos were inhibited by rosmarinic acid
25 UM IR A E3 B3R b ISR 0B T fa IR, MBIk Mo RRALZ/E RN 100 pumol/L XKIEFFRAY E3 5597 sh s =M BE T 16 R A .

Blank control refers to zebrafish embryos cultured in E3 medium. Rosmarinic acid control refers to zebrafish embryos cultured in E3 medium

containing 100 pmol/L rosmarinic acid.

BRI A R PR R LA E R EHEZER (P<0.05), MHEFRHMEERAREE (P>0.05),

Different letters mean significant difference (P < 0.05), same letters indicate no significant difference (P > 0.05).

50 pmol/L KL 7R 5 1.6 umol/L CuSO4 3L [F4b
BN, HENIET CuSOs SE M HEAKT1
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JERPEANTE], XA 3 A S8 4 AN [ (1 2
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Fig. 6 The change of ROS level in Zebrafish embryos caused by CuSOa4 were inhibited by rosmarinic acid
B bR AN R FREFROR LR B 2R (P<0.05), HATHREERAEE (P>0.05),

Different letters mean significant difference (P < 0.05), same letters indicate no significant difference (P > 0.05).
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A 38 ik B AR T A A BT 1 1T 5 3 T A
Bo Yin 55 (2018) WHFLERM, MUOFRES MR
FESEHE, WA A A S
WA T, 5l RAERE, 0B faiE
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