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Abstract: Objective To study the effect of Diterpene Ginkgolides Meglumine Injection (DGMI) on middle cerebral artery occlusion

(MCAO) in C57BL/6J mice and investigate the potential pathways of anti-cerebral ischemia-reperfusion injury in substantial nigra
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(SN) brain region of MCAO model. Methods C57BL/6J mice were randomly divided into sham group, model group, DGMI (25
mg/kg) group and Ginkgo biloba extract-761 (EGb-761, 100 mg/kg) group, MCAO model was established. The efficacy of DGMI
compared with EGb-761 in the treatment of ischemic stroke was evaluated by measuring modified neurological severity score and
cerebral infarction rate at 24 h after MCAO. The Illumina next-generation sequencing platform was further used to perform high-
throughput transcriptome sequencing of substantia nigra samples of the brain tissue of each group. The effect and potential mechanism
of DGMI against cerebral ischemia-reperfusion injury was explored by bioinformatics analysis methods such as gene set enrichment
analysis (GSEA), gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis
of differentially expressed genes (DEGs). qRT-PCR was used to verify the expressions of key genes in transcriptome sequencing.
Results Compared with sham group, modified neurological severity score and cerebral infarction rate in model group were
significantly increased (P < 0.001); Compared with model group, the treatment effect of DGMI group was similar to that of EGb-761,
which significantly improved the modified neurological severity score and cerebral infarction rate (P < 0.01, 0.001). Data
dimensionality reduction analysis of transcriptome showed that model group was significantly separated from control group. GSEA
results showed that 35 pathways were significantly enriched in model group compared with sham group, and seven pathways were
effectively reversed in DGMI group compared with model group. Compared with sham group, a total of 88 DEGs were screened out
in model group. There were 10 same genes compared with 15 common DEGs in rat and mouse MCAO model group found by others.
GO function analysis in model group was mainly enriched in inflammation and cell chemotaxis, KEGG pathway analysis was mainly
enriched in cytokine interaction, tumor necrosis factor and other signaling pathways. Compared with model group, GO function
analysis of DEGs in DGMI group was mainly enriched in neural signal transduction process, KEGG pathway analysis was mainly
enriched in dopaminergic signaling pathway and neural active receptor ligand interaction. qRT-PCR results basically consistent with
the transcriptome results. Conclusion DGMI can effectively resist cerebral ischemia-reperfusion injury. The key genes and signaling
pathways of DGMI are mainly focused on anti-inflammation and regulation of biological processes such as nerve synapses. It may
treat the injury through dopaminergic pathway.
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3.1 RRMRARIGER

308 T P LA /0 BSURRG B J IfL i AR A, G
Bl 1R 2 Fs, RIUE NGRS, S5RFAR
LA, B 2H N BT AR LA Ao B S I I ) B
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Fig. 1 False color cerebral blood flow imaging
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3 -
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E‘J%‘EP ZI)he J'EM% ° 0.01 P <0.001 vs model group, same as Figs. 3, 10.
He Ed g A
322 DGMI Xf MCAO HAL/N G AL IR 52 El2 DGMI X MCAO {2/ mNSS HE0
W R 3 TR, TTC Bs, TR R (Xts.n=10)
WIS L, AL U] R i A B R B e Fig.2 Effect of DGMI on mNSS in MCAO mice model
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[
& DD D o
a\\°
@a > @
L-\ . % & e kodok
.‘1;3‘:
@ ®» o0
‘D II . 1] 1 T T T
w . BFAR B EGb-761 DGMI
~ ~ 6 mm

BFER i) EGb-761 DGMI

E 3 DGMI xf MCAO #REV/NRXIEFL MRS (X £5,n=6)
Fig.3 Effect of DGMI on cerebral infarction area in MCAO mice model (X + s, n=6)
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A-principal component analysis of model group and sham group; B-analysis of tSNE dimensionality reduction in each group.

B4 R MCAO HEEIpEYE 54
Fig. 4 Dimension reduction analysis of MCAO mice model
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C N D
R vs EGb-761
3 : . DGMI
S R
5, 3573 « 118 22 4
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Fig.5 Volcano plots (A—C) of DEGs and Venn plot (D) of intersection in each group
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Fig. 6 Heatmap of DEGs between model and DGMI

groups

(lectin, galactoside-binding, soluble 3, Lgals3). I4L
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JiEE 1 1 Cepithelial membrane protein 1, Empl).
RFEER A B i1 1 (heat shock protein family B
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TNF) {5 5@, Q4 r%-17 (interleukin-17,
IL-17) {5 518 B 75 Sl 225051
B HM (mitogen-activated protein kinase, MAPK)
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#*3 EAE KEGG B XEER
Table 3 Key genes of KEGG pathways in model group

KEGG ID KEGG % H P1g S
mmu04060 cytokine-cytokine receptor interaction  4.03X 1078 Ccli2+ Ccl2+ Ccl3+ Ccl4~ Ccl9+ Cxcll « Gh Ngfi~ Osmr~ Tnfisfl2a
mmu04657 1L-17 signaling pathway 5.71 X107 Ccll2+ Ccl2+ Cxcll~ Fosll. Mmp3~ Lcn2
mmu04668 TNF signaling pathway 2.02X107°% Ccli2+ Ccl2+ Cxcll~ Mmp3. Bcl3. Socs3
mmu04062 chemokine signaling pathway 3.69X10°° Cell2. Ccl2+ Ccl3+ Ccl4 Ccl9+ Cxcll. Gngl4
mmu05163 human cytomegalovirus infection 1.49X1073 Ccll2. Ccl2+ Ccl3+ Ccld~ Gngl4. Calmi4~ Cdknla
mmu04010 MAPK signaling pathway 4.42X1073 Cdl4. Gngl4. Finc Gadd45b- Hspbl. Hspalb. Ngfi
#* 4 DGMI 4 KEGG @k B ERE
Table 4 Key genes of KEGG pathways in DGMI group
KEGG ID KEGG % H PAH HE
mmu05031 amphetamine addiction 8.08X107® Fosb. Calml4. Ddc~ Pdyn. Slci8a2. Sic6a3 Th
mmu04080 neuroactive ligand-receptor interaction 2.29X1077  Avp. Chrna6+ Chrnb3+ Gal+ Ghrh Oxt. Pmch~ Pomc~ Pdyn-
Rin3. Tac2. Trh
mmu05030 cocaine addiction 2.68X1077 Fosb. Ddc. Pdyn. Slci18a2 Slc6a3~ Th
mmu05034 alcoholism 7.40X10°% Fosb. Gngl4. Calml4+ Ddc+ Pdyn. Slcl8a2. Slc6a3. Th
mmu04728 dopaminergic synapse 6.12X 107 Gngl4~ Calml4. Ddc. Slc18a2. Slc6a3~ Th
mmu04726 serotonergic synapse 5.73X10* Gngl4+ Ddc. Slc18a2. Slc6ad4. Tph2

3.4 qRT-PCR WiEXBERERIE

XIHETYZH A DGMI 4137y o ik (Rl R I8 kAT
qRT-PCR 51F, Wi 10 Frow, SXFRH g,
H/N IR Slc6a3 Tph2 FERIFRIE KT8 & K
(P<0.001), Calml4. Ccl2. Gngl4. Cxcll F:[NF%
EEFETE (P<0.05. 0.01. 0.001); SHEAIZLEL
5, DGMI H/NRINAL Sic6a3 Tph2 3R KIE L
FZTHE (P<0.01. 0.001), Calml4. Ccl2. Gngl4-
Cxcll FERFIE B EHRML (P<0.05. 0.01. 0.001).
6 MNIER A B qRT-PCR A8 45 5 45 55 4% S 4 )
AR —3G ERERNZ, Calml4 M1 Gngl42 A
FERIEITE qRT-PCR FHFE SR 7 7153845 R 1A

R 3 NIRAFEA R Z R ROR, X ATRE2 T 2
ASE I 7425 0oF 55 AT (P R 0 DX 35AS 5] 7= A 1, R bt 13 B
qRT-PCR ilI%} RNA-seq 45 FIGIEMT L EME, &
Z» %54 qRT-PCR HE AN T 458, DGMI 1] fg
T I R 9 FH 2 EXL A O % 2 1S
4 g

HHT, RAMSEEIE N KRR, O
IER R AR ENEZMAEER, TRLE R
Y6YT 1S DGMI s [H Py &5 F B A4 -2 B il 7 2.
—,  H T BRI R BT A R 5 _E#T35— E R
B, AHEIIEYT IS BIFE NS M sk Z IR N PTIRER o
£ DGMI E FIMLHIER 2 (A7 A B STk 3 5 T E 2
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Fig. 10 ¢RT-PCR validation of key gene expressions in transcriptome sequencing ( X + s, n = 6)
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