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Anti-cerebral ischemia mechanisms of brain absorption components of
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Abstract: Objective To identify and explore the anti-cerebral ischemic injury mechanism of the brain absorption components of
Xingnaojing Injection (i &% 4 ¥ ) by using gas chromatography-mass spectrometry technology (GC-MS), network
pharmacology and molecular docking technology, and provide some evidences for the research of its pharmacodynamic substances.
Methods In this study, the brain absorption components of Xingnaojing Injection was investigated through the literature mining
and GC-MS technology was used to supplement their components. On this basis, TCMSP and Swiss databases were used to predict
the targets of the brain absorption components of Xingnaojing Injection, while the targets of cerebral ischemia were screened through
CTD, OMIM, GeneCards and other databases. Next, the KEGG pathway annotation analysis and GO enrichment analysis on
common targets of drugs and cerebral ischemia were carried out through OmicShare platform. String database and Cytoscape 3.7.2

software were further used to construct separately protein-protein interaction network diagram and “the brain absorption
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components-cerebral ischemia targets-pathways” network diagram, and molecular docking was used to verify the brain absorption
components and core targets. Results A total of 13 brain absorption components were identified in Xingnaojing Injection, such as
borneol, muscone, camphor and curdione. And 93 Xingnaojing Injection targets of anti-cerebral ischemia were found through network
pharmacology technology, including MPO, PPARG, HMOX1, MMP2, etc. Pathway enrichment analysis revealed that neurotrophin
signaling pathway, estrogen signaling pathway and VEGF signaling pathway might be the main action pathways of anti-cerebral
ischemia injury of Xingnaojing Injection. The results of molecular docking showed that representative components (geniposide,
curdione, and muscone etc.) had good affinity with potential targets of anti-cerebral ischemia. Conclusion In this study, the brain
absorption components of Xingnaojing Injection were clarified, and the mechanism of the brain absorption components treating
anti-cerebral ischemia injury was predicted and its targets were preliminarily verified. The results provided experimental and theoretical
basis for further clarifying the pharmacodynamic material basis and mechanism of Xingnaojing Injection.

Key words: Xingnaojing Injection; brain absorption components; cerebral ischemia; geniposide; curdione; muscone; network

pharmacology; mechanisms
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a-total ion flow diagram of Xingnaojing Injection b-total ion flow diagram of n-hexane solvent c-total ion flow of cerebrospinal fluid (CSF) after

administration  d-total ion flow diagram of blank cerebrospinal fluid
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Fig.1 GC-MS total ion current diagram of Xingnaojing Injection components and brain absorption components
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Table 1 Summary of brain absorption components of Xingnaojing Injection measured by GC-MS

F5 tg/min Ly BRI 7313 FHXF 43T B BT WEETHIAR T 43 EL /%
1 4.070 a-JR} Calpha-pinene) CioHys 136 93 0.01
2 6.380 ¥ E% (limonene) CioHj6 136 68. 67. 93 0.03
3 6.480 KRS Ceucalyptol) CoH;50 154 81. 93. 108 0.01
4 9.660 5 /KEA (isophorone) CoH 4,0 138 82 0.01
5 10.790 F&M% (camphor) CoH,60 152 95. 81. 152 0.23
6 11.180 FRERE (linalool) CoH;50 154 71. 93. 55 0.01
7 11.926 Jefii (borneol) CyoH;50 154 95 6.75
8 33.480 WA ZE (neocurdione) Cy5H,40, 236 69. 180, 109 0.02
9 34.920 FHA ] (curdione) Ci5H,,0, 236 69. 109. 180 0.05
10 41.131 B Ed (muscone) Ci6H300 238 55. 85. 238 0.87
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Table 2 Summary of brain absorption components of Xingnaojing Injection
CAS 5 A=t/ EX S BBB R SRR HKE R
507-70-0 Jelik (borneol) ! 1.43 UK N. R
541-91-3 E57H (muscone) % 1.62 B N. R
7785-70-8 o-JEJf (alpha-pinene) 2.18 A4 N
78-70-6 FitERE (linalool) 0.74 il N
76-22-2 #&% (camphor) 1.71 R4 /K A N
470-82-6 FeliAg Ceucalyptol) 2.06 AR /UK Fy N
108944-67-8 BFAR ZH (neocurdione) 0.86 B4/ T N
13657-68-6 FAR W (curdione) 0.86 AR &M T N
78-59-1 S # /K HH (isophorone) 1.66 BET N
24512-63-8 e T# (geniposide) [ -2.61 e+ R
27741-01-1 e THM (geniposidic acid) [ -2.70 T R
20831-76-9 SUBFRNEMHE (gentiopicroside) [ -1.60 W+ R
5989-27-5 Fr#5)% (limonene) 2.12 WaFHKH N

N 7R Nist 58 R R7"3CHR BBB #7n TCMSP 1 &5 Tl 453 21 ) f i B ek (8
N represents the Nist database R represents the literature BBB represents the blood-brain barrier value predicted by the TCMSP platform
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Fig. 3 Venn diagram (A), PPI diagram (B) and visualization results (C) of common targets for drugs and diseases
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Table 3 Summary of common targets for drugs and diseases (Top 30)

UniprotID BB HEAK FEE
P31749 AKTI RAC-o0 2R MR/ 2B E A WA (RAC-alpha serine/threonine-protein kinase, 55
Akt/PKB)
P27361 MAPK3 22 B4 ECHGE R I 3 (mitogen-activated protein kinase 3) 47
P45983 MAPKS 22 B4 JFUROE ) 2 FE 8 (mitogen-activated protein kinase 8) 36
P35354 PTGS2 AR ER G/H A1 2 (prostaglandin G/H synthase 2) 34
P29474 NOS3 WA —E AL E Al (endothelial nitric oxide synthase, eNOS) 33
PO5164  MPO B LR (myeloperoxidase, MPO) 27
P12821 ACE B %5k 2K #44LEF (angiotensin-converting enzyme, ACE) 26
P08253 MMP2 HFR 4B E AR 2 (72 kDa type IV collagenase, MMP-2) 26
PO1112 HRAS AL p21 (transforming protein p21, Ha-Ras) 25
P37231 PPARG 3oL S8 Ak W A 38 R 0 0TS 32 4R ¢ (peroxisome  proliferator-activated receptor 25
gamma, PPAR-y)
P07900 HSP90AA1 HARTEE H HSP 90-alpha (heat shock protein HSP 90-alpha, HSP90a) 24
P01275 GCG JEFE PR (glucagon, GRPP) 23
Q16539 MAPK 14 22 4R ) & A 14 (mitogen-activated protein kinase 14) 23
P21554 CNR1 KRIREZAK 1 (cannabinoid receptor 1, CB-R1) 22
P03372 ESR1 WEBL 2K (estrogen receptorl, ER) 22
P00734 F2 BN AR (prothrombin) 22
P04150 NR3C1 W5 Kz J i %24k (glucocorticoid receptor, GR) 21
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UniprotID H A EASE N [l
P09601 HMOX1 MELFE %A 1 (heme oxygenase 1, HO-1) 20
P22303 ACHE LI NETSEERE Cacetylcholinesterase, AChE) 18
P07858 CTSB HREAM B (cathepsin B) 17
Q02750 MAP2K1 X EE R S P 2 S R TR AL B IS 1 (dual specificity mitogen activated 17
protein kinase kinase 1, MEK1)
P03956 MMP1 FHF 4B E AR 1 (interstitial collagenase, MMP-1) 17
Q8NERI1 TRPV1 I I A2 A4 BV PH B8 T B WA e VR 1 (transient receptor potential cation 17
channel subfamily V member 1, TrpV1)
P14416 DRD2 D(Q2)% L& 524k [D(2) dopamine receptor] 16
P08913 ADRA2A a-2A ' LRk (alpha-2A adrenergic receptor, a-2AAR) 15
P51681 CCRS5 5 # C-C #afbIH 7524k (C-C chemokine receptor type 5, CCRS) 15
P49841 GSK3B ¥t [ & B 3B (glycogen synthase kinase-3 beta, GSK-3p) 15
P07550 ADRB2 B2 ‘& L RE 2k (beta-2 adrenergic receptor) 14
P10415 BCL2 FTZIA555) Bel-2 (apoptosis regulator Bel-2) 14
Q13255 GRM1 B AE IR 2K 1 (metabotropic glutamate receptor 1, mGluR1) 14
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3.4 WEHE

0 e eyt P e N R 5 YR T i I A
M KEGG 8% 9 2% (6], ATk — 048 7 Al o3 2
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13 TN RS 73 B s AR v R AR - (35D
PR M (31). JFRERE (27D HETH (23),
BRAE (19) %o NS0 Rk e 2L 93 4,
Hrp 4R ZGM A RS 34, A AR (COX-2.
COX-1) J¢ H 20 NFRIR T -2 (carbonic anhydrase 2,
CA-2); 3WRZMILHRL G 151, dE Yl
HEFEW IS 2 a (peroxisome proliferator-activated
receptor alpha, PPARA). eNOS. y-Z 3 | Rk
#(GABRA1.GABRB2). HJZ4E ML EFE (MAO-B).
HEBLZR 5218 (estrogen receptor, ESRI1). ILE LY
R 38 FE W) PG 524K v (peroxisome proliferator-
activated receptor gamma, PPARG). P2X FEI 57 {4
7 (P2X purinoceptor 7, P2X7). R[ADP-#ZH K&
1 (poly [ADP-ribose] polymerase 1, PARP-1) %;
2 WREGM LA R A 27 A HEFRAAEE R 25 1,
R A AL 134, BRAR AL 6 e 1E25 %%
PR, 4 BRGNS LA S 510F 16 2%, &
& cAMP {5538 . VEGF {558, IL-17 55

W HAa 9 KNME. T BEEFASS5N
g, MAEREAGSEE. CLE O (FoxO)
RPN I s LY i} S = VTN AN )5 %
A S [FE YT A AR i S R (A AR, AN
AT 245 55 07 (R BEAR A ()T R
3.5 EEEERNERIATT PN B

9 T T T e T S RN I B A R T
Pt AL ) R A T 4%, AR RS SR T — RS
(T P Y T A R LB %, W] 6 B e 22 M AR
Iy A ARG R I U, RO TR R N
Sy ELERE ), R RN AT B TR SR AR
FEVRITAVE R o TR AN 1 e ik P 3 B R 15 5
B, cAMP {558 %. VEGF {5 5@, IL-17 15
SIEEE. PBBK (BEARMEALEE 3 Bl /EHEE B
(AKT) 5 ZiiE. R[S 5@ e,
FEAEPEAMIGEIE . AR RAE. AR
L AR 8 AR A DU A TR AR 7 T R 44896 97 i R If.
TER .
3.6 SFXTIERIE
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HHEJT, AR T IR 28 1) S o FHEE . K
PPI MZEHRT 30 AR RS HXT B R 3354 T 701X
B, 546E<-5.0 kl/mol, FHIHLG LML, 4
TR ERE . AR . FrIoR —Ei T
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A Top 20 of pathway enrichment B
prolactin signaling pathway > Top 20 of GO terms enrichment
neugotroph@n signal?ng pathway response to chemical ®
sphingolipid s¥gnal!ng pathway response to oxygen-containing compound *
C/?M.P sgnalgng pathway L response to organic substance L
relaxin signaling pathway regulation of biological quality °
estrogen signaling pathway . B N
VEGF signaling pathway . response to organic cycl{c compound
IL-17 signaling pathway cellular response to chemical stimulus L -
Fc epsilon RI signaling pathway SR response to stimulus | @ Erokd
PI3K-Akt signaling pathway | @ . regulation of transport U 126
% ) calcium s@gnaling pathway ® E lg g regulation of localization . Egl
E C-type lectin receptor signaling pathway * < response to nitrogen compound . leP
= adipocytokine signaling pathway —lgP &~ positive regulation of transport . e
= ErbB signaling pathway -5 response to organonitrogen compound . o
Rapl signaling pathway| e —4 4 25
thyrold hormone signaling pathway . 3 system process 20
c¢GMP-PKG signaling pathway|  » homeostatic process ¥
GnRH signaling pathway . response to endogenous stimulus .
FoxO signaling pathway . blood circulation
HIF-1 signaling pathway . regulation of multicellular organismal process .
NOD-like receptor signaling pathway| circulatory system process
B cell receptor signaling pathway response to inorganic substance
Insulin signaling pathway| = ion transport .
T cell receptor signaling pathway ‘.
TNF signaling pathway . 0.02 0.04
0.04 0.12 rich factor
rich factor
c Top 20 of GO terms enrichment D Top 20 of GO terms enrichment
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Fig. 4 KEGG and GO enrichment visualization results

# 4 KEGG E£EEMEEBI (A710)

Table 4 Main pathways after KEGG enrichment (Top 10)

Z 5

AL R

piikced P LI
(90) (8514)

neurotrophin signaling pathway 11 124 6.29%X10" PSEN1. GSK3B. MAPK3. MAPK8. MAPK14.
AKTI1.PSEN2.MAP2K1.BCL2.HRAS.PTPN11

prolactin signaling pathway 9 74 6.91X10° GSK3B.ESRI.JAK2.MAPK3.MAPKS.MAPK14.
AKTIl. MAP2K1. HRAS

sphingolipid signaling pathway 11 132 1.20X107 MAPK3.MAPK8.MAPK14.CTSD.AKTI.ADORAI.
NOS3. MAP2KI1. BCL2. HRAS. ADORA3

cAMP signaling pathway 13 208 2.38X107 MAPK3. MAPK8. ADORA2A. TNNI3. AKTI.

DRD2. HTR6. ADORA1. CHRMI1. MAP2KI1.
ADRB2. PDE4B. PPARA
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Fig. 5 Brain absorption components of Xingnaojing Injection-cerebral ischemic target-KEGG pathway network diagram
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Table 5 Molecular docking results

D% =) ZE 4 fig/(kI-mol ") D% =) ZE 4 fig/(kT-mol )
B35 AKTI —-6.573 8 <[z N | F2 —4.2118
{2 i MAPK3 -5.216 6 el NR3C1 -5.350 4
JiNE R MAPKS -5.5526 S SR i NR3C1 -5.5377
B35 PTGS2 —5.996 9 i9a NR3C1 -5.061 1
I M PTGS2 -5.569 4 WaF 1 HMOX1 -6.8516
i PTGS2 -5.5526 FrR HMOX1 -5.5416
Heuh ks PTGS2 -4.482 6 E3 o N | HMOX1 -5.541 4
UK PTGS2 —4.3142 agid HMOX1 —4.605 2
A NOS3 —6.259 0 FeiiA% ACHE —5.046 9
Fie NOS3 -5.5025 o~ RN ACHE —4.966 1
WA MPO -5.080 5 FrR CTSB -5.8818
FEAR 1 MPO —4.342 8 FAR i CTSB -5.801 8
HA R ACE -5.8583 A 1 MAP2K 1 —-6.291 1
B2 N ACE —5.5479 B MAP2K1 —6.2155
e MMP2 -6.515 3 WaF 1 MMPI1 -6.1617
o HRAS -5.776 0 HrAR TRPV1 -5.444 1
B 5 PPARG —6.483 6 FAR i TRPV1 -5.410 4
BrFA PPARG —6.124 8 {2 i TRPV1 -4.924 1
A PPARG -5.858 3 o-JR ) TRPV1 -4.894 3
Ma T HSP90AA1 -7.107 6 el DRD2 -5.953 4
o GCG -5.660 0 KA DRD2 -4.5239
B 5 MAPK 14 -7.080 3 el ADRA2A -5.602 9
B35 CNR1 —6.909 5 HAR W CCR5 —5.804 0
FEAR 1 CNR1 -6.573 8 HrAR CCRS5 -5.7355
VKA ESRI -5.394 0 {2 i CCRS5 -4.6318
o-JR M ESRI -5.069 6 FrR GSK3B -5.710 2
{2 i ESRI -5.058 3 el ADRB2 -5.436 5
W FHR F2 -5.178 3 Wa 1 BCL2 -5.9105
AR F2 —4.506 1 B3 A GRM1 -5.263 8

4, A 3B UK g 3 M, B R
gy BEEW K MR R . Hh AR T, B3k
ARZEE . BEEE MBSO s, R ARiE e
THAMUTWEERESEEAMH (matrix
metalloprotein, MMP). B2 JEJK 5 41 i 7K il iE B H 4
(aquaporin 4, AQP4) ik Wi £r-4 fivg sk i 77 v
R BRABE TR i 2T B 7 R T LA o o 2 40
T2 LA F 2 AR (R 1

AR FIRT NI Te i BB 3R 8
BETH . Mok 9 REEE . AP o-IRME . BET

e AETHIER. BB T e IR R 5 F0E 45

55 F A ST HR R T v P — 3800 SR T 00 A i ) A
HMEB 24K 1 (estrogen receptor 1, ESR1). Hif %1
& G/H Al 1 (prostaglandin G/H synthase 1,

PTGS1). Ri%lIlEZE G/H & 2 (prostaglandin G/H
synthase 2, PTGS2). WA —H WA &G 3
(endothelial nitric oxide synthase 3, eNOS3). FzH
BT IR R ARG A IEJE P (HMG-CoA reductase
inhibitors, HMGCR). S8 B A SE5E Y80 %2
& v ( peroxisome proliferator-activated receptor
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gamma, PPARG) . 2£)ii 4 J& &5 1/ 3 (stromelysin-1,
MMP3) %, i 70 i il 2 i 4 5 ESR1. PTGS1.
PTGS2. NOS3. MAOB. GABRA1. DRD2 %,
WiE 52 5 2k hu g @ g, o DUIE AR DU 0 IR
(arachidonic acid, AA) Qi@ AR 220,

SC R R T E BY A R R A AKTL .
MAPK14. ADRBI. PTGS2. #¥1b4& K H T -p
(transforming growth factor-B, TGF-B). M4/
#-6 (interleukin- 6, IL-6) 2%, m 5¢ b 350 5
(%L 4 AKT1. MAPK14. ADRBI. PTGS2.
ALOXS5. NOS2 &5 SCHR A Fi0il 21 3 A — B 1 52 11
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HMOX1 %55 SCHER - 79000 204G - A PR 28 5 28 1 7
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