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Effect and mechanism of 6-gingerol on neonatal hypoxic-ischemic
encephalopathy and cognitive behavior in neonatal mice
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(Key Laboratory for Experimental Teratology of Ministry of Education, Shandong Key Laboratory of Mental Disorders, Department of Anatomy
and Histoembryology, School of Basic Medical Sciences, Shandong University, Ji’ nan 250012, China)

[ Abstract] Objective To investigate the effect of 6-gingerol treatment on cognitive behavior after hypoxic-ischemic
brain injury (HIE) in neonatal mice, and to explore the protective mechanism of 6-gingerol on HIE brain injury in neonatal
mice by observing the effects on neuronal survival and neural stem cell proliferation. Methods The right common carotid
artery was ligated in Kunming mice ( 78 ) on the 7th day after birth and HIE model was established after 90 minutes of
hypoxic treatment. 6-gingerol was injected intraperitoneally. The cognitive behavior was detected by Morris water maze test;
2,3,5-triphenyl tetrazolium chloride (TTC) staining was used to observe the changes of brain injury; The changes of
synaptic structure and number were obseved by transmission electron microscopy; HE staining, Nissl staining and
dihydroethidium( DHE) staining were used to observe the pathomorphological changes of hippocampus in each group; The
proliferation of neural stem cells and the expression of related transcription factors were detected by immunofluorescence and
Real-time PCR; The changes of Akt signal pathway were detected by Western blotting. Results ~ 6-gingerol treatment could
improve the long-term learning and memory ability, reduce the brain injury and brain edema of neonatal mice after HIE,
and improve synaptic plasticity of mice after HIE. In the 6-gingerol treatment group, the disorder of hippocampal cells in the
diseased side of HIE was improved, the number of necrotic cells decreased, the proliferation ability of hippocampal neural
stem cells and the expression levels of nestin and sex determining region box transcription factor 2 ( Sox2) related

transcription factors increased significantly, and the level of phosphorylated Akt ( p-Akt) increased. Conclusion Tt is
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found that 6-gingerol can improve the learning and memory ability of HIE mice in adulthood and reduce brain tissue injury

after HIE. 6-gingerol may play a role in inhibiting the production of reactive oxygen species (ROS) , reducing neuronal

injury and upregulating the expression of Akt signal pathway, promoting the proliferation of hippocampal neural stem cells,

so as to provide potential drugs for the treatment of neonatal HIE.
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Fig.1 Morris water maze was used to test the learning and memory ability of mice after HIE

A, Evaluation of learning ability in mice after HIE; B, The statistical results of the times of mice crossing the platform in 60 s econds were used to
evaluate the memory ability of mice after HIE, * P<0.05; C, Representative picture of the swimming route of mice, n=6

Fig.2 Effect of 6-gingerol on cerebral ischemia area and brain edema after HIE in mice
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A, Coronal brain sections stained with TTC from different groups 3 days after HIE injury; B, Statistical results of cerebral ischemia area stained by TTC;

Ischemic area = ( contralateral hemisphere area-ipsilateral non-ischemic area )/contralateral hemisphere area; C, Content of brain water, n = 3,

% P<0.01, ##x% P<0.0001
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Fig.3 Effect of 6-gingerol on synaptic structure and number after HIE in mice

A. Representative electron microscopic results of hippocampal brain regions in different treatment groups; The synaptic structure of the hippocampus in

the control group was normal; The synaptic structure of HIE group changed significantly and the number of synapses decreased compared with the

control group; The number of synapses and synaptic vesicles increased after 6-gingerol treatment compared with the model group Bar=1 pum, Bar=

0.5 pm; B. Statistical results of the number of synapses in different treatment groups, ## P<0.01, #:#% P<0.001; C, The expression of PSD-95 in

postsynaptic density was analyzed by Western blotting; n=3; D. Statistical chart of PSD-95; n=3, =* P<0.05
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Fig.4 Effect of 6-gingerol on brain histomorphological damage after HIE in mice

A, Representative images of the hippocampus in the HE stained coronal sections 3 days after HIE injury; In sham group, the hippocampal structure was
intact and the number was normal; In HIE group, the hippocampal region structure was fuzzy and the number of nerve cells was small, and the
morphological damage of hippocampal nerve cells was relieved after 6-gingerol treatment; B, Representative Nissl staining of the hippocampus in coronal
sections of the mouse brain 3 days after HIE injury; The morphology of hippocampal neurons in sham group was intact, while the arrangement of neurons
in HIE group was loose; Compared with the HIE group, the degree of brain tissue injury in 6-gingerol group reduced; C, Representative images of DHE
staining reflected the ROS levels in the hippocampus A-C, Bar=100 pm; D, The expression of neuronal marker MAP2 was detected by Real-time PCR;
E, The expression of neuron marker NeuroD1 was detected by Real-time PCR; n=3, * P<0.05, #* P<0.01, s+ P<0.001

Fig.5 Effect of 6-gingerol on the proliferation of neural stem cells in mouse hippocampus

A, Ki67 immunofluorescence staining was used to detect cell proliferation, arrows indicate Ki67 positive cells, Bar=50 wm; B, The mRNA expression
level of Sox2, a transcription factor related to neural stem cell proliferation; C, The mRNA expression level of nestin, a transcription factor related to

neural stem cell proliferation; D, The expression of Akt signaling pathway; n=3, * P<0.05, #* P<0.01, ##x P<0.001; E, Statistical chart of p-Akt

and Akt;n=3, * P<0.05, ns, No significant difference
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