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L-borneolum against CIRI was obtained, then the gene ontology (GO) functional and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were processed. The chosen rats were randomly divided into seven groups (sham group,
model group, vehicle (1% tween) group, positive drug (nimodipine) group, and high, medium and low doses of L-borneolum (0.20
g/kg, 0.10 g/kg, 0.05 g/kg) groups. The rat model of CIRI was established by suture method and administrated in the manner of
pretreatment plus treatment. Zea Longa scoring was used to detect neurobehavioral changes at various time (reperfusion 4, 22.5,
46.5, and 70.5 h) of CIRI rats. Cerebral infarction volume was detected by 2,3,5-triphenyltetrazoliumchloride (TTC) staining. In
addition, Western blotting and immunohistochemistry analysis were performed to verify the predicted pathway. Results Network
pharmacology predicted that there were 63 potential targets of L-borneolum against CIRI, these targets were enriched in the forkhead
transcription factor of the O class (FOXO) signaling pathway, phosphatidylinositol-3-kinases (PI3K)/protein kinase B (Akt) signaling
pathway, and estrogen signaling pathway, etc. Experimental results showed that following L-borneolum (0.20 g/kg and 0.10 g/kg)
treatment, the cerebral infarct sizes in CIRI rats were significantly attenuated, the expression of phosphorylated-forkhead box O3a
(p-FOXO03a) and the ratio of p-Akt/Akt and p-FOX03a/FOXO3a was increased, and Bcl-2 interacting mediator of cell death (Bim)
and cysteinyl aspartate specific proteinase 3 (Caspase-3) protein expression was decreased in ischemic cortex. In addition,
L-borneolum group (0.20 g/kg) can also improve the nerve function impairments of CIRI rats at various time points. Conclusion

Neuroprotective and anti-apoptotic effect of L-borneolum against CIRI is mediated via the Akt/FOXO3a/Bim signaling pathway.

Key words: L-borneolum; cerebral ischemia-reperfusion; network pharmacology; Akt/FOXO3a/Bim signal pathway; apoptosis
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Fig.2 Network diagram of L-borneolum-potential targets-cerebral ischemia-reperfusion injury
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Fig. 3 Enrichment analysis of potential targets
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F1 ZHHKHR ZeaLongaiF45 (x+s,n=12)
Table 1 Zea Longa scores of rats in each group (x +s,n=12)
5l %U%/(g'kgfl) Zea Longa PEA
F#EE4h FMEE 22.5h FREVE 46.5h PN 70.5 h
(EERZN - 0.00£0.00""* 0.00£0.00""* 0.00£0.00""* 0.00£0.00""*
it — 2.084+0.29 2.081+0.29 2.00%0.00 2.00%0.00
el it — 2.0840.29 2.0840.29 2.0840.29 2.0040.00
JE BT 0.0108 2.0040.00 17540457 1.67£0.497"* 1.5840.517
Y 0.20 2.00+0.00 1.75+£0.457% 1.75+0.45" 1.58+£0.517%
0.10 2.00£0.00 2.00£0.00 1.9240.29 1.83£0.39
0.05 2.0840.29 2.0040.00 2.00%0.00 2.0040.00

LHRRAE S "P<0.05

TP<0.01; SWABRALE: ““P<0.01

'P<0.05 "P<0.01 vsmodel group; ““P <0.01 vs solvent model group

222 VARR RGBSR K 4 BrR,
2 TTC Jett)5, P ARAMA L 528 2 IEH B
o, RIS, HAR&H ] WA RS A
FEIX . 255K 2 s, A SIS R
AL PR T B AT F A 2 2 v TR R4 (P<<0.0D),
VBRI R SR 2 (R o R 7 e, SR BT
Y RE AR R PR AR U REZE R (P<0.0D). 5
AR, YA 0.204 0.10 g/kg 20K R i
FHAE R B 5 2 R (P<<0.01); 2 0.05 g/kg 4158
AR, BLEEER.

TR

223 KRS EE Akt p-Akt.
FOXO3a. p-FOXO03a. Bim A Caspase-3 & [H#&1A
g g5 R s fR 3 R, RFEA A K R
SR B2 EH p-Akt/Akt Fil p-FOX03a/FOXO03a &
I EE KT EFARA, Bim 1 Caspase-3 55 [HAH
X RIB BN = T HRFARA (P<0.0D). 5%
PRI LR, 020, 0.10 g/kg 2H K L Bt )
FeJEH p-Akt/Akt Al p-FOX03a/FOXO03a HIME 3
Jh#r, Bim Ml Caspase-3 & [ AHXS 3k & AR & 3
A% (P<<0.05. 0.01)

JE B Hb S . 0.10

L hlgke™

B4 BHKXRTTC &

Fig. 4 TTC staining of rats in each group
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F2 FBEARWEELE (Xx+s,n=8)
Table 2  Cerebral infarction rate of different groups
(x+s,n=8)
2H 5] BEHE /(e kg ) i 15 B %
BELR — 0.004+0.00"4
it - 0.2140.03
sl it — 0.21£0.04
JE S 0.010 8 0.13£0.03"4%
YR 0.20 0.14£0.03"4%
0.10 0.16£0.02"4%
0.05 0.20£0.03

SRR TP<0.01; SHABEALLE: “P<0.01
P <0.01 vsmodel group; ““P<0.01 vssolvent model group

p-FOXO03a

224 SCAORERBRITME JZ p-FOXO03a. Bim K&
Caspase-3 #E [FIFRIAMsEm WK 6 fvr, BFARLA
p-FOXO03a 3L T K/t g M2k, 78 &
PRI R 44 6 2 R R I R TA A 55 ;- Bim #5544 T
KEB AN A%, 75 07 P B 0 i AN S s
R IEM GG ; Caspase-3 H551K T /D V44 2 410 i g
S I PR A S LS . 45 SRk 4 FR,
TR ZH K R BRI B2 2 p-FOXO3a H HKIE
EMWEFH KT F AL, Bim Al Caspase-3 FHHAE
EEHREE S TIRFARA (P<0.01). &I
R LR, WA 0.204 0.10 g/kg 4K R BRI 2

T G s @ 00 < [0’

FOXO3a - -_— ‘82><103~97><103

PAK D S S 1
Akt A S S G0 < [0

Caspase-3 e M S . 32 10°
Bim — R, — — )
Bractin . A a— < (0’

BFA AR

0.20 0.10
4)'Z)-T/(g-kg’I)
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Fig. 5 Protein expression of Akt, p-Akt, FOXO3a, p-FOXO03a, Bim and Caspase-3 in ischemia cortex of rats in each groups

R3I REAKXBBMMEER Akt. p-Akt. FOX03a. p-FOXO03a. Bim & Caspase-3 ERHEMKIEE (X+s,n=6)
Table 3 Protein expression of Akt, p-Akt, FOXO3a, p-FOXO3a, Bim and Caspase-3 in ischemia cortex of rats in each group

(x+s,n=6)
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Fig. 6 Protein expression of p-FOXO3a, Bim and Caspase-3 in ischemia cortex of different groups (x 200)
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Table 4 Protein expression of p-FOX03a, Bim and Caspase-3 in ischemia cortex of different groups (; +s,n=3)
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