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The damaging effect of formaldehyde on SH-SY5Y cells
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[ Abstract]  Objective To explore the toxic effects of formaldehyde using the human neuroblastoma SH-SY5Y cell
line as an in vitro model of nerve cells, and to provide a scientific basis for the mechanism by which formaldehyde damages
neuronal cells. Methods SH-SY5Y neuroblastoma cells were treated with formaldehyde at different concentrations ( control
group, 0.05 mmol/L, 0.1 mmol/L, 0.25 mmol/L, 0.5 mmol/L, and 1 mmol/L). Cell scratch test, high-power
microscopy, and CTG cell activity assay were used to detect the effect of formaldehyde on cell migration, morphology, and
survival, respectively. Flow cytometry was used to detect the effect of formaldehyde on apoptosis, while ultrastructural
changes were observed by transmission electron microscopy. Expression levels of phosphorylated tau, amyloid $, and
mitochondrial fission-associated proteins were detected by western blotting. Results The migratory ability of SH-SY5Y
cells was inhibited by even low (0. 05 mmol/L) concentrations of formaldehyde, and the survival and proliferation of cells
was reduced by 0. 1 mmol/L for 4 h. These changes were positively correlated with the dosage and duration of formaldehyde.

Indeed, 0.05 mmol/L formaldehyde could induce the apoptosis and mitochondrial injury in the SH-SYSY cells, whereas,
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0.25 mmol/L formaldehyde increased mitochondrial fission and upregulated the expression level of phosphorylated tau

protein in the neuronal cells. Conclusions Formaldehyde can damage the neuronal cells, as it inhibites cell activity and

proliferation of SH-SYSY cells, reduces their migratory ability, and induces apoptosis. Moreover, formaldehyde upregulates

the phosphorylation level of tau protein in neurons.
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Table 1 Grouping and treatment for the cell experiments

vl PR 2 (mmol /L)
Groups Formaldehyde concentration
XTH# Control 0
FA-0.05 0.05
FA-0. 1 0.1
FA-0.25 0.25
FA-0.5 0.5
FA-1 1

T AR SR A [ 9 B2 H ML RPMI-1640 5 2 By 57 3/ 1
TR B TR R R AT A
Note. The treatment method involved mixing of different formaldehyde

concentrations into RPMI-1640 complete or serum-free medium.
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Note. A, Images acquired at 0 h, 6 h, 12 h, and 24 h after scratching. B, Comparison of migration areas between groups at 24 h

after scratching. C, Changes in migration area of each group at 0 h, 6 h, 12 h, and 24 h after scratching. Compared with the control

group, “* P<0.001. Bars=100 pm.

Figure 1 Scratch testing revealed the effect of formaldehyde on the migratory ability of SH-SYSY cells
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Note. Detection after formaldehyde treatment for 2 h and 4 h,
respectively. Compared with the control group, * P<0.05, ** P
<0.01, ™ P<0.001. Comparison between different time points
within the group treated with the same concentration, *P<0. 05.
Figure 2 CTG cell viability assay revealed the effect of
formaldehyde on SH-SYSY cells
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Note. Cell morphology was photographed under medium- and high-magnification 30 h after formaldehyde

treatment. Blue bars=100 pum.

Figure 3 Effect of formaldehyde on cell morphology
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Note. A, Annexin V/PI double staining assay for apoptosis levels (%), including
early apoptosis, late apoptosis, and dead cells. B, Ratios of apoptotic cells in different
treatment groups were compared with the control group, * P<0.05, ** P<0.01, " P
< 0.001; or compared between formaldehyde treatment groups of different
concentrations, *P<0.05, #P<0.01, **P<0.001.
Figure 4 Effect of formaldehyde on apoptosis in SH-SYSY cells
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Note. A, Comparison of mitochondria between different treatment groups, including the average number and morphological changes under a 2000x

visual field. Red arrows indicate mitochondria. B, Average number of mitochondria in 2000 field of different treatment groups was compared with the

control group, * P<0.05, ** P<0.001; or compared between formaldehyde treatment groups of different concentrations, #P<0.01.
Figure 5 Effect of formaldehyde on mitochondria of SH-SYSY cells
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Figure 6 Effect of formaldehyde on expression of phosphorylated tau proteins and mitochondrial

fission-associated proteins in the SH-SY5Y cells
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