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Abstract: The wide application of nano-pesticides leads to residues of its main components (such as nano-copper
oxide and nano-cuprous oxide) in the environment inevitably. The human body can expose to nano-copper oxide
and nano-cuprous oxide through inhaling dust, drinking water and ingesting agricultural products. Therefore, it is of
great significance to elucidate their health hazards. In the present study, we firstly investigated the cytotoxicity vari-

ation of nano-copper oxide and nano-cuprous oxide on A549 cells as well as explored the cytotoxic mechanisms
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from the perspectives of oxidative stress and mitochondrial damage. Results showed that both nano-copper oxide
and nano-cuprous oxide had significant cytotoxic effects on A549 cells, with the lowest observed effective concen-
trations of 20 mg-L™" and 5 mg- L™, respectively. Nano-cuprous oxide exhibited stronger cytotoxic effects than
nano-copper oxide with inhibition rate of cell viability reaching 95% at 100 mg-L™". The experimental results of
reactive oxygen species showed that both nano-copper oxide and nano-cuprous oxide could induce the generation
of reactive oxygen species in a time-dependent and concentration-dependent manner. The induction effect of nano-
cuprous oxide on reactive oxygen species was significantly stronger than that of nano-copper oxide, with the maxi-
mum induction rate of 3.5-fold and 1.5-fold compared to the ctrl group at 24 h. The experimental results of mito-
chondrial membrane potential showed that nano-cuprous oxide had stronger activity on mitochondrial depolariza-
tion than nano-copper oxide in a dose-dependent manner (1 ~100 mg-L™"), with the maximum reduction rates of
mitochondrial membrane potential reaching 60% and 20%, respectively. The results of reactive oxygen species and
mitochondrial membrane potential were consistent with the results of cytotoxicity, indicating that oxidative stress
and mitochondrial damage might be the key molecular mechanisms of cytotoxicity of nano-copper oxide and nano-
cuprous oxide. This study revealed the different pulmonary cytotoxicity of nano-copper oxide and nano-cuprous
oxide as well as the potential molecular mechanisms, which can provide important theoretical basis for the health
risk assessment and rational application of nano-pesticides.

Keywords: nano-copper oxide; nano-cuprous oxide; lung cell; cytotoxicity; oxidative stress; mitochondria damage
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1 #KREWE(CuO NPs) F1ghzk ST $A ( Cu, O NPs) IS RALERA
IE:(a) CuO NPs Il FLEEIAT; (b) Cu, O NPs HYFIR L L 5 (c) CuO NPs HYIEST FIEE R 5 (d) Cu, O NPs (3% 5 FLEE IR ;
(e) BIAICHLIHIAE CuO NPs (/K542 5 () ShABOLHETINE Cu, O NPs HIK G148,
Fig. 1 Morphology and particle size characterization of nano-copper oxide (CuO NPs) and nano-cuprous oxide (Cu,O NPs)
Note: (a) Scanning electron microscopy photograph of CuO NPs; (b) Scanning electron microscopy photograph of Cu, O NPs;
(c) Transmiss on electron microscopy photograph of CuO NPs; (d) Transmission electron microscopy photograph of Cu, O NPs;

(e) Hydrated radius of CuO NPs determined by dynamic light scattering; (f) Hydrated radius of Cu, O NPs determined by dynamic light scattering.

20 40 50 100 20 40 50 100

RAALH/ (mg- L) PRSI/ (mg L)
Nano-copper oxide/(mg-L™) Nano-cuprous oxide/(mg-L™)

2 K EALE ( CuO NPs) FIgK E L IE$H ( Cu, O NPs) BIiR &
Fig. 2 Solution of nano-copper oxide (CuO NPs) and nano-cuprous oxide (Cu, O NPs)
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Fig. 3 Effects of nanoparticles (NPs) (a) and copper ion (Cu*") (b) on A549 cell viability

Note: Ctrl group represents treatment with equal volume medium used to dilute nanomaterials;

* represents significant difference compared with the control (P<0.05).
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Fig. 4 Effects of nano-copper oxide (CuO NPs) and nano-cuprous oxide (Cu,O NPs) on reactive oxygen species (ROS)

generation in A549 cells (different exposure time)

Note: (a) 3 h; (b) 6 h; (c) 12 h; (d) 24 h; Ctrl group represents treatment with equal volume medium used to dilute nanomaterials.
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Fig. 5 Effects of nano-copper oxide (CuO NPs) and
nano-cuprous oxide (Cu,O NPs) on mitochondrial
membrane potential (MMP) of A549 cells
Note: Ctrl group represents treatment with equal volume
medium used to dilute nanomaterials; * represents significant

difference compared with the control (P<0.05).
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Fig. 6 Copper ions release from nano-copper
oxide (CuO NPs) and nano-cuprous

oxide (Cu, O NPs) in cell culture medium
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