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Abstract: This study was conducted to investigate the mechanism of the toxic effects of zearalenone
(ZEA) on chicken embryo fibroblasts (DF-1). The cell viability, lactate dehydrogenase activity,
Caspase-3 levels, cell apoptosis, cellular reactive oxygen species levels, mitochondrial membrane
potential change and expression of endoplasmic reticulum stress (ERs) and apoptosis-related
genes were detected by MTT, colorimetric assay, ELISA, Annexin V-FITC/PI staining, fluores-
cence microscopy and RT-qPCR, respectively. The results showed that 12 5-50. 0 pg * mL '
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ZEA significantly inhibited the proliferation of DF-1 cells (P<C0. 01) in a time-and dose-depend-
ent manner. Herein 25, 0 pg « mL ' ZEA treated cells for 24 h resulted in a significant increase in
LDH and Caspase-3 levels in the supernatant (P<C0. 01); the levels of ROS and the number of
apoptotic cells in the cells were highly significant (P<C0. 01) ; the mitochondrial membrane poten-
tial was significantly reduced (P<C0. 01). The mRNA expression levels of apoptosis-related genes
Caspase-3 and Bax were highly significantly up-regulated (P<C0. 01) and that of Bc/-2 was highly
significantly down-regulated (P <0. 01); the mRNA expression levels of ERsrelated genes
GRP78, ATF6, ATF4, CHOP and PERK were highly significantly up-regulated (P<C0. 01).
The results indicated that ZEA could exert toxic effects on chicken embryonic fibroblasts through
endoplasmic reticulum stress leading to apoptosis. The results of the study provide a basis for
further research on the toxic effects of ZEA on chicken cells and the means of detoxification, and
have implications for the treatment of related avian diseases.

Key words: zearalenone; chicken embryo fibroblasts; cytotoxicity; endoplasmic reticulum stress;
apoptosis
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1 PCR

Table 1 RT-qPCR primer sequences information

(5'—=3" /bp
Genes Primer sequences Product size Accession number
Bel-2 F:CGCTGGTGGACAACATTG 167 NM 205339. 2
R:CAGGCTCAGGATGGTCTT
Caspase-3 F: TGGCCCTCTTGAACTGAAAG 139 NM 204725, 1
R: TCCACTGTCTGCTTCAATACC
Bax F. TTCCTCACAGGCATCAAC 134 NM 0406939009. 1
R:CACTTCTTCTCCTTCTTCTTG
Pactin F.CCCCATGCCATCCTCCGTCTG 265 NM 205518
R:CCTCGGGGCACCTGAACCTCTC
ATF6 F.:AGTCCAATAACCAGCATCAG 335 NM 015290399. 3
R:CATCACCTCATAGTCCTTCC
GRP78 F.CCTGGTGTTGCTTGATGT 195 NM 205491, 1
R:AGATGATTGTCCTTGGTGAG
ATF4 F.:AGAACCTCCACTCATACCT 177 NM 204880. 2
R.CCTTCCAGAACATCCACTT
CHOP F:GCTGGATGAGACACTGAATGCAGAG 149 XM 040693765, 1
R.:CACGCTTCCGCTTTGTCCTCTG
PERK F.: TGGAAGATGTTGTGATGGT 296 NM 001006477, 1
R:ATGGCGAAGAATGCTGTA
IRE1 F:CGCCCAAAGCATCAAACCATTCTG 107 NM 001285499, 1
R:CACTCTGTTGGCATCGTCATCTCC
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A. (B, 125 pg + mL ! ZEA :C. 25.0 pg + mL~' ZEA ;D. 50.0 pg » mL~' ZEA
OSID
A. Control group;B. 12. 5 pg « mL™' ZEA group; C. 25.0 pg » mL™' ZEA group;D. 50.0 pg « mL ' ZEA group. The
color pictures can be found by scanning the OSID code on the front page of the article
1 7ZEA 24 h DF-1 ( =100 pm)
Fig. 1 Observation of cell growth after treatment with ZEA in different concentrations for 24 h (Scale bar=100 pm)

%, P<<0.05;% %x. P<<0. 01,
Compared with control, *. P<C0. 05; % %, P<C0. 01. The same as below
2 ZEA DF-1

Fig.2 Effect of DF-1 cell viability in stimulation of ZEA with different concentrations at various time

25 ZEA DF1 26 ZEA DF1
6A , »25.0 pg » mL™! 7 , »25.0 pg » mL™!
ZEA , ZEA ,
N o 6B s , , 8 , »25.0 pg » mL™!
25.0 ug » mL™' ZEA DF-1 ROS ZEA DF-1
(P<C0. 01), 20, (P<<0. 01), 1/7, ZEA

. DF-1 .
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3 ZEA DF1 LDH 4 ZEA DF-1 Caspase-3
Fig. 3 Effect of ZEA on lactate dehydrogenase release in su- Fig. 4 Effect of ZEA on Caspase-3 content in supernatant of
pernatant of DF-1 cells DF-1 cells
5 ZEA DF-1 ( OSID )

Fig.5 Effect of ZEA on the apoptosis of DF-1 cells (The color pictures can be found by scanning the OSID code on the front
page of the article)

A. ROS ( =100 pm, OSID );B. ROS
A. The detection of intracellular ROS variation by fluorescence (Scale bar=100 pum. the color pictures can be found by scan-
ning the OSID code on the front page of the article) ; B. ROS fluorescence intensity analysis
6 ZEA DF-1
Fig. 6 Effect of ZEA on reactive oxygen species level of DF-1 cells
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7 (=100 pm,

OSID )

Fig. 7 The fluorescence staining of mitochondrial membrane potential(Scale bar=100 pm, the color pictures can be found by

scanning the OSID code on the front page of the article)

8
Fig. 8 Ratio analysis of red-green fluorescence intensity of
mitochondrial membrane potential

9 ZEA DF-1 mRNA

2.7 DF-1 mRNA

RT-qPCR Caspase-3.
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GRP78 . PERK .ATF6 ,ATF4,IRE1 mRNA

, 10 , »25.0 pg + mL !
ZEA  CHOP.GRP78,PERK.ATF6,ATF4,IRE1
mRNA (P<<0 01), mRNA
ZEA o

Fig. 9 Effect of apoptosis-related gene mRNA expression in DF-1 cells after incubation with ZEA
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10 ZEA DF-1 ERs

mRNA

Fig. 10 Effect of endoplasmic reticulum stress-related gene mRNA expression in DF-1 cells after incubation with ZEA
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