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Exploration of development of four programmed cell death modes
in mild traumatic brain injury*

Wang Tian-tian, Zhao Le, Feng Yi, Wei Nan-nan, Liu Qi-zhao, Gao Li, Wang Yong-hui
(School of Basic Medicine, Shanxi University of Chinese Medicine, Jinzhong, Shanxi 030619, China)

Abstract: Objective To investigate the occurrence and development of four programmed cell death modes
(apoptosis, autophagy, pyroptosis, and ferroptosis) in mild traumatic brain injury with time. Methods 49 SPF
Wistar rats were used to replicate the rat model with mild traumatic brain injury. 7 were blank group and 42 were
model group. Samples were collected at day 1, day 3, day 7, day 14, day 21 and day 28 after the successful
replication of the model. The microstructure of rat hippocampal neurons was observed by hematoxylin-eosin (HE),
Nissl's staining, uranium lead double staining, respectively. Western blotting was used to detect the expressions of
Bcel-2, LC3B, FTH and caspasel proteins in the hippocampus of each group of rats. Results Optical microscopy
showed that the neurons in the model group were crumpled. The results of electron microscopy and Western blotting

showed that compared with the blank control group, the neurons in the model group were slightly contracted at day 1,
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and the relative expression of Bcl-2 protein was higher (P < 0.05). In the model group, the cell membrane was

damaged in many places and the organelles were swollen at day 3 and day 7. The expression of caspasel protein in
the model group reached the highest level at day 3 (P < 0.05). On the 14th day of the model group, the mitochondrial

ridge of neurons was broken more locally, and the relative expression of FTH protein was also higher (P < 0.05). The

relative expression of FTH protein in the model group was still increased on day 28 (P < 0.05); There was a small

amount of primary lysosome or autophagic lysosome in the cells of the model group on day 28, but the relative

expression level of LC3B protein in the model group on day 28 was lower than that on day 21 (P < 0.05).

Conclusion After mild traumatic brain injury, more neurons chose apoptosis at the first time, pyroptosis followed,

ferroptosis occurred later, and autophagy continued.

Keywords: neuron; mild traumatic brain injury model; apoptosis; autophagy; ferroptosis; pyroptosis
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