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Protective mechanism of Osmanthus fragrans ethanol extract on chronic cerebral
ischemia nerve injury based on network pharmacology and animal experiments

CHENG Fang, ZHANG Jie, HU Jia-cheng, XU Huan, XIAN Jin-ran, XIE Xing-liang, SHENG Yan-mei
School of pharmacy, Chengdu Medical College, Chengdu 610500, China

Abstract: Objective To explore the protective effect and mechanism of Osmanthus fragrans ethanol extract against chronic cerebral
ischemic nerve injury based on phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathway. Methods The active
components and targets of O. fragrans were screened by literature, TCMSP and BATMAN database; OMIM and GeneCards disease

databases were used to search for disease targets. Protein-protein interaction (PPI) network was constructed by taking intersecting
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targets. With the help of DAVID database, gene ontology function and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis were carried out, and “component-target-pathway” network was established. The model of chronic cerebral
ischemia in mice was established by ligating the right common carotid artery. The mice were randomly divided into sham group, model
group, Naoluotong (JXi4%i#, 195 mg/kg) group and O. fiagrans ethanol extract low- and high-dose (125, 375 mg/kg) groups. Open
field experiments was used to evaluate the spontaneous ability and exploratory behavior of mice in each group; Levels of choline
acetylase (ChAC) and cholinesterase (ChE) in hippocampus of mice in each group were detected; HE and TUNEL staining were used
to observe pathological changes in brain tissue and neuronal apoptosis; Western blotting was used to detect PI3K/Akt signaling pathway
and apoptosis-related protein expressions in hippocampal tissue. Results A total of 12 active ingredients and 289 potential targets of
O. fragrans, 3014 targets of chronic cerebral ischemia disease, and 198 intersection targets of O. fragrans and chronic cerebral ischemia
were screened by network pharmacology, among which AKT1, vascular endothelial growth factor A (VEGFA), and cysteine aspartic
protease-3 (Caspase-3) were core targets. Further analysis using KEGG and GO revealed that PI3K/Akt signaling pathway may be an
important pathway for O. fragrans to exert neuroprotective effects on chronic cerebral ischemia. The mouse model of chronic cerebral
ischemia was replicated using the ligation of the right common carotid artery. The results showed that O. fragrans ethanol extract
significantly increased ChAC level in brain tissue (P < 0.001), decreased ChE level (P < 0.001), and enhanced the function of the
central cholinergic system; Significantly increased the number of standing times and central area movement distance in mice with
cerebral ischemia (P < 0.001), improved cognitive and other neurological dysfunction, and inhibited neuronal apoptosis in the ischemic
brain tissue (P < 0.001). Its mechanism was related to regulating PI3K/Akt signaling pathway, up-regulating the expressions of p-PI3K,
p-Akt and B-cell lymphoma-2 (Bcl-2) proteins (P < 0.05, 0.01), and down-regulating the expressions of cytochrome C (Cyt-C), Bel-2
associated X protein (Bax) and cleaved Caspase-3 proteins (P < 0.01). Conclusion O. fragrans ethanol extract can effectively inhibit
the damage of cerebral ischemic nerve cells and improve the neurological dysfunction. Its protective effect on cranial nerves is related
to the regulation of PI3K/Akt pathway and inhibition of cell apoptosis.

Key words: Osmanthus fragrans ethanol extract; chronic cerebral ischemia; network pharmacology; verbascoside; salidroside;

apoptosis; PI3K/Akt pathway
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Table 1 Active ingredients of O. fragrans

Hikel L% OB/% DL
GH1 Mg % 4236 0.21
GH2  1-#83#-23,5-= HEZEMEET  101.06 0.30
GH3  o-ZF &M 62.13 0.27
GH4 WHEFH 33.52 0.21
GH5 T°Wift® 69.67 0.21
GH6  1LIZE; 41.88 0.24
GH7 KREBEZE 36.16 0.25
GHS it} % 46.43 0.28
GH9" EBIEALHETH 2.94 0.62
GHI10" 45 Kif 7.01 0.20
GHI1" F2H- TR 1.52 0.66
GHI12" Fr R4 H 3.14 0.38

“IH T SCHR I R T8 CARTE BRI P )

“supplement the reported active ingredients of O. fragrans based on

literature
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Fig. 1 Venn diagram of intersection of O. fragrans component targets and chronic cerebral ischemic disease targets (A), PPI

network and core network of common targets of O. fragrans and chronic cerebral ischemia (B) and top 20 core targets in terms

of degree value (C)



« 5238 «

FED 20236FE87 $54% B 168  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 16

i JLFEEE R, 3 WAEYDIEHE (biological process,
BP). 4+ FIhfE (molecular function, MF). 44
% C(cellular component, CC) 3 N7 HIFATIIRE S
Lo, WIEERRBCHATHT, 8RS R
AT H P<<0.05 M5 HAT oM. 45 REoR, HEAIER
57 1 P ik e T 2808 ) A e A S A O T T R 1 A
W7 RNA G811 B3 TR IERET . E5
G AR IE TS A OC,  dH gl o)
FEFEETAMRM. P, B, &% &0, B
&, rUsNSEARES. S, EHEE
TSR VIR 2-A) KEGG 45 R /Rt 131
FETEBREEE SR, OFEEEN. PIBK/Akt
5l EGFR s 2 BB i) 77N 24 . VEGF 15
FIEM. HEILERG S, Ras 5 5@E. 2H/)F

A

signal transduction

positive regulation of transcription from RNA polymerase IT promoter
negative regulation of apoptotic process

positive regulation of cell migration

positive regulation of protein phosphorylation

positive regulation of cell proliferation

intracellular signal transduction

negative regulation of gene expression

positive regulation of ERK1 and ERK?2 cascade

protein autophosphorylation

cytoplasm —lgP
cytosol

plasma membrane 10
nucleus

nucleoplasm

macromolecular complex
mitochondrion

extracellular region

glutamatergic synapse

membrane raft

protein binding

identical protein binding

ATP binding

enzyme binding

protein kinase binding

protein kinase activity

protein serine/threonine kinase activity
kinase activity

transmembrane receptor protein tyrosine kinase activity
protein tyrosine kinase activity

0 510152025
S

W=

AL ER A PEE  (mitogen-activated protein kinases,

MAPK) {55845 (B 2-B). 45 R WAL i) e
R -HE -E RS M (B 2-CO,

32 ETERFRIXTIE M RRER L/ R AR EIRIFIER
321  AEAEERESRYIH R PE R S N AR AT A R
W WS s B (R 2) SoR, MmN
HHIRANAR IS 26 JR 2R Re D105 SN A D ReRsAs, 3R
PRl ST R B Hp SR X S0 B i S R 2 > (P<<
0.001); SERIA LLEL, HEFERE SV RE W] 52 /) B
()3 LR B AR e X E B R B (P<<0.01. 0.001),
PR H A BGE /N R S . RN 171235)
MR (B 3) R, BEUVNRIES R %A
TEBNTA, T EEAE RS PTG o g DR
IR ST, SeEHIAFITEE .

B
pathways in cancer? [ )
proteoglycans in cancers L}
PI3K-Akt signaling pathway- ]
lipid and atherosclerosis- ] —lgP
Kaposi sarcoma- associated herpesvirus infection- 0 15.0
human cytomegalovirus infection 0 125
EGFR tyrosine kinase inhibitor resistance- L ]3(5)
chemical carcinogenesis-receptor activation- [ ] 50
VEGF signaling pathway+ ] %
prolactin siinalini Eathwaz- L] # f),(S
Ras signaling pathway- @ : 10:0
MAPK signaling pathway- [ B0
FoxO signaling pathway- [] @50

IL-17 signaling pathway- []
mTOR signaling pathway- s
HIF-1 signaling pathway-

6 8 10 12 14 16

enrichment
mTORssighaling Ataci
— Lipidand—pathway
— = ?ﬂ\g
i/’mj i "_39'_ Jl,d,_/e‘rggns “pathway |
cinbgenesis- e HIF-isigfialing
; L —pathway
Kaposi
“sarcomasassociated
—herpesvirus
— ~infection
“VEGEsighaling
—pathway
14 2sigling
~pathway
~—wkeKsighaling

X pathway
S PI3K-Akt

MAPKS=SRTH

2 HEIATIEMMERMELSA GO I8 (A). KEGG BEEESH (B) M “M7-#S-EE” ML (O)
Fig. 2 GO functional enrichment analysis (A), KEGG pathway enrichment analysis (B) and “component-target-pathway”

network (C) of O. fragrans in treatment of chronic cerebral ischemia
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® 2 REEBRYITEMRRINRMEITHNEE (Xts,n=10)

Table 2 Effect of O. fragrans ethanol extract on neurobehavior in mice with chronic cerebral ischemia (X £ s, n =10)

e Fiilhvs U SEIREIR L [X 3538 3 BE 25 /mm
- (mgkgh)  HIK EPES 3R EAES ERER #3 K
[EEN —  3130+£3.95 29.00+4.39 28.40+3.63 121.98+15.13  120.40+6.98  120.174+12.47
e —  15.10E£3.60"*  17.802.66" 17.30£1.83"%  70.134£9.02#% 78.58£5.97%%  73.42+5.76"#
FEAERESEY) 125 2340+347"  22.60+£2.95"  2530%£2.91"" 104.23+4.89"" 104.29+6.68*** 104.94+8.75"
375 27.2042.53"*  27.1043.28"  27.40+£2.76"" 109.8849.04"* 112.58 £13.38"* 110.694+9.17"*
Jlii £4% 388 195 26.60+2.72"*  26.10£3.41""  26.404+3.10"" 105.62+7.46"" 106.04%11.43"* 109.84+11.29""

S5HBFEARMLE: #P<0.001; SHEBALE: “P<0.01

**p<0.001, FEH

##P <0.001 vs sham group; P <0.01 *P<0.001 vs model group, same as below tables

N

il
&3

FEAERE I 125 mg-kg™!
FR RIS Eh 3T

FETEEEFEY) 375 mg-kg™!

Fig. 3 Movement trajectory of mice in each group in open field test

3.2.2  FEAEEEARYSHAEPE G B i SR S 202N ChE
A ChAC KPS Wik 3 fiws, S5EF R4
5, WAA/NREDSH ChE KFEEFE (P<
0.001), ChAC 7K-FEEK (P<0.001); HEIA
Y LA, FEARREAEY) & KGR B2 n] i A & ChAC
K (P<0.001), P#fk ChE 7K°F (P<<0.001), 3
SR X AREN R A IRE, GBI EN T RERRES .

3.2.3  AEACEEART G N BRIt /N BRI T 2 4
BAgem i 4 R, BTFEAREN S TTs;
MR, SRR BRI, Jetatys). BAIHE D
MR 2 IR A 7 AR,

T

* 3 HEREREYIMEMMRM/NEREDEA ChE A
ChAC KFERIE (X+s,n="7)

Table 3 Effect of O. fragrans ethanol extract on ChE and
ChAC levels in hippocampus of mice with chronic cerebral

ischemia (Xt s,n="7)

5 U ChE/(ng-mL™") ChAC/
(mgkg™) (ng'mL™")
BRFER — 801.33+63.43 7.31£0.69
it —  1325.18+101.38*  2.2640.56"
FETERESED) 125 820.54+36.14™  6.80+0.64™*
375 783.894+54.61""  7.3140.96™
195 865.89+25.43"*  7.144+021**

FEERE SR 125 mg-kg™!

FEAEEBERE) 375 mg-kg™! i 2% 38

PRGN PR e iz ]
red arrows represent damaged hippocampal nerve cells
B4 RSN RIEDELARFRETHNFNE (HE, X400)

Fig. 4 Effect of O. fragrans ethanol extract on pathological changes of hippocampus in mice with chronic cerebral ischemia

(HE, x 400)
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B4R G . HEAERFARY) AT AN FIRE sl i o e RO, RREBYZH /N BRI B2 #4876 TUNEL FH 4
i, bR AR MR 2, HIREET R (P<0.001); SR
3.2.4  FEAERE SRR VRN GRS BRORI B JZ e AHERRE, ARETEREARA AT A RO/ D Ik I /) B B =
JCR TR W& 5 Mk 4 fros, 5RFARA TUNEL VR4 s, s (P<<0.001).

DAPI

FITC

Merge

RFAR FEE7Y FETEIESEY) 125 mg-kg™! FEAEEESRD) 375 mg-kg ™! fivi 438
5 FETEEHRIXT S N ELm /) R AN 2E R A TTA T RIS (X 200)

Fig.5 Effect of O. fragrans ethanol extract on apoptosis of neurons in brain tissue of mice with chronic cerebral ischemia (x 200)

R4 EUERYHBMEMRD N RNALMETETRN 325  FECEEIR 18 M N B L R D 2 41
B (Xt5,n=5) PISK/AKt 1% 5 3 i J U8 T A1 36 2 11 26 34 110 B2
Table 4 Effect of O. fragrans ethanol extract on apoptosis WE 6 Fir, SETERYE, AR D4
rate of neurons in brain tissue of mice with chronic cerebral el p- PI3K/PI3K. -Akt/Akt {Eﬁ% B%ﬂi% (P<0.05),

lschemlzé;:ui s,n=>5) IU%/(mg — T T Cyt-C FE AR XK RS m (P<0.001); SR
= 0811079 MLECRL, FEAERERIIE . (AR p-PISK/PIK. p-
H — 81.75+3.01%% AkvAkt HEETHE (P<0.05. 0.01), HALREY)
HEAEREA) 125 posera AL Cyt-C 2R 1 FRIAACT 5 BRAL (P<0.01).
Wi 2% i 195 0.53+1.19" w7 s, ST AR L, #1420 Bel-2/Bax
ok (T [ v 1 e |11

PISK [gie W i W |1 23 < 10° Akt [ - - -5 2 10 | — S
B-actin [N R N W 420 10*  B-actin [ | 2 < 10° ractin M M. - 4.

15 1.5

3 *

) # 1.0

o

0.5

p-Akt/Akt
<
W
3
Cyt-C/B-actin

1

p-PI3K/PI3K

0 0 0
BFEAR BR 125 375 RFEAR HiR 125 375 FEAR HiR 125 375
FEALEHR Y/ (mg kg ™) FEAE B/ (mg-kg™) HEAEBEFEY (mg kg ™)
5BFRUALE: *P<0.05 #P<0.01; HERALLE: "P<0.05 “P<0.01, K7
#P<0.05 *P<0.01 vs sham group; "P<0.05 P <0.01 vs model group, same as below fig. 7

6 HETEEZIRYIXTE M ix G/ R DAL PI3K. p-PI3K. Akt. p-Akt F Cyt-C EAFTIENFN (X+s,n=3)
Fig. 6 Effect of O. fragrans ethanol extract on PI3K, p-PI3K, Akt, p-Akt and Cyt-C protein expressions in hippocampus of

mice with chronic cerebral ischemia (X £ s, n=3)
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Fig. 7 Effect of O. fragrans ethanol extract on Bcl-2, Bax and cleaved Caspase-3 protein expressions in hippocampus of mice

with chronic cerebral ischemia (X £ s,n=3)
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