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Glaucocalyxin A activates mitochondrial autophagy in the hippocampus of rats with
cerebral ischemia-reperfusion injury through the PINK1/Parkin signaling pathway
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(Department of Neurology , Wuhan First Hospital Affiliated to Tongji Medical College , Huazhong University of Science and Technology , Wuhan 430022,
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Abstract Objective To investigate the effects and mechanisms of glaucocalyxin A on mitochondrial autophagy in the hippocampus of
rats with cerebral ischemia-reperfusion injury (CIRI). Methods Rats were randomly divided into sham,CIRI,low-dose glaucocalyxin
A, high-dose glaucocalyxin A, Xuesaitong, and high-dose glaucocalyxin A+autophagy inhibitor 3-methyladenine (3-MA) groups,with 18
rats in each group. Zea-longa scoring and the Morris water maze tests were used to assess the neurological and cognitive functions of the
rats, respectively. 2,3, 5-Trichloro-1,2,4-triazolylbenzene (TTC) staining was used to measure the proportion of cerebral infarct volume
in the rats. Hematoxylin-eosin (HE) staining was used to detect pathological changes in hippocampal tissue. Malondialdehyde (MDA ) and
superoxide dismutase (SOD) levels were measured in hippocampal tissue. Transmission electron microscopy was used to observe mito-
phagy in hippocampal tissues. Western blotting analysis was performed to detect the protein expression of Beclinl , microtubule-associated
protein 1 light chain 3 (LC3) -1 /LC3- 1 ,PTEN-induced putative kinase 1 (PINK1),and E3 ubiquitin ligase (Parkin) in hippocampal
tissue. Results Compared with the sham group,the CIRI group showed aggravated hippocampal tissue pathological changes,a reduced
number of platform crossings, prolonged escape latency, and increased neurological function scores, proportion of cerebral infarct volume,
and hippocampal tissue malondialdehyde (MDA ) levels; in contrast, SOD levels,the number of mitochondrial autophagosomes,and the
expression of Beclinl, LC3-1I/LC3- I ,PINK1,and Parkin proteins decreased (P < 0.05). Compared with the CIRI group, all of the above
indicators in hippocampal tissue were significantly improved in the low- and high-dose glaucocalyxin A and Xuesaitong groups (P < 0.03).
3-MA partially reversed the inhibitory effect of high-dose glaucocalyxin A on oxidative stress in CIRI rats as well as its activation effect on

mitochondrial autophagy. Conclusion Glaucocalyxin A can inhibit oxidative stress in CIRI rats and promote mitophagy by activating the
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PINK1/Parkin signaling pathway.
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Tab.1 Effect of glancocalyxin A on the number of platform crossings and escape latency in CIRI rats

Group n Number of platform crossings Escape latency (s)
Sham 18 6.39 +0.34 10.11 +0.56
CIRT 18 2.95+0.16" 23.88 +1.25"
Low-dose glaucocalyxin A 18 3.85+0.22” 18.89 + 0.97”
High-dose glaucocalyxin A 18 5.69 + 0317 1322 +0.717
Xuesaitong 18 5.73 £0.34 13.54 +0.78”""
High-dose glaucocalyxin A+3-MA 18 425+0.23" 16.71 +0.91

1) P <0.05 vs. sham group;2) P < 0.05 vs. CIRI group;3) P < 0.05 vs. low-dose glaucocalyxin A group;4) P < 0.05 vs. High-dose glaucocalyxin A group.
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A, sham group; B, CIRI group;C,low-dose glaucocalyxin A group;D,high-dose glaucocalyxin A group;E,xuesaitong group;F,high-dose glaucocalyxin

A+3-MA group.
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Fig.1 TTC staining results of intact rat brain tissue
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The sampled area is the CA1 region;red arrows indicate neuronal vacuolar degeneration, and black arrows indicate neurons with nuclear pyknosis.
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Fig.2 HE staining of rat hippocampal tissues
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Tab.2 Effect of glancocalyxin A on MDA and SOD levels in hippocampal tissues of CIRI rats

Group n MDA (nmol/mg) SOD (U/mg)
Sham 6 291+0.13 31.16 £0.13
CIRI 6 9.83 +0.39" 10.57 £0.49"
Low-dose glaucocalyxin A 6 8.19 +0.37" 15.68 +0.727
High-dose glaucocalyxin A 6 413 £0.19” 26.33 = 1.297
Xuesaitong 6 420 +0.212 26.14 = 1.257%
High-dose glaucocalyxin A+3-MA 6 6.56 +0.31" 19.83 +0.92"

1) P < 0.05 vs. sham group;2) P < 0.05 vs. CIRI group;3) P < 0.05 vs. low-dose glaucocalyxin A group;4) P < 0.05 vs. High-dose glaucocalyxin A group.

A, sham group; B, CIRI group;C,low-dose glaucocalyxin A group;D,high-dose glaucocalyxin A group;E,xuesaitong group;F, high-dose glaucocalyxin
A+3-MA group. The arrow points to the autophagosome.
E3 BEHEENRAREIARALNEBE x 10 000
Fig.3 Transmission electron microscopy observation of mitophagy in rat hippocampal tissue x 10 000
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Tab.3 Effect of glancocalyxin A on Beclin1, LC3-1I/LC3-1, PINK1, and Parkin proteins in the hippocampal tissue of CIRI rats

Group n Beclinl/GAPDH LC3-11/LC3- 1 PINK1/GAPDH Parkin/GAPDH
Sham 6 1.89+0.17 0.91 £0.07 1.39+0.14 0.88 £ 0.07
CIRI 6 0.68 +0.06" 0.25 +0.02"” 0.43 +0.04" 0.19+0.01"
Low-dose glaucocalyxin A 6 0.83 +0.08” 0.39 +0.03” 0.65 +0.05” 0.36 + 0.03”
High-dose glaucocalyxin A 6 1.57 +0.16° 0.75 + 0.06”" 1.18 +0.12" 0.71 + 0.06
Xuesaitong 6 1.55+£0.14”% 0.77 + 0.06" 1.15+0.117 0.73 £0.07”Y
High-dose glaucocalyxin A+3-MA 6 1.21£0.19" 0.58 +0.05" 0.83 £0.08" 0.52 +£0.05"

1) P <0.05 vs. sham group;2) P < 0.05 vs. CIRI group;3) P < 0.05 vs. low-dose glaucocalyxin A group;4) P < 0.05 vs. High-dose glaucocalyxin A group.
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1,sham group;2, CIRI group; 3, low-dose glaucocalyxin A group;4,high-

dose glaucocalyxin A group; 5, xuesaitong group; 6, high-dose glaucoca-
lyxin A+3-MA group.
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H HJWestern blotting#& il
Fig.4 Western blotting detection of Beclin1, LC3-II/LC3-1,
PINK1, and Parkin proteins in rat hippocampal tissue
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