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Abstract: Objective To explore the specific components involved and underlying mechanisms of Aronia melanocarpa against
cerebral ischemia. Methods SwissTargetPrediction and GeneCards databases was used to screen the blood-entry components and
brain ischemia-related targets of 4. melanocarpa. Gene ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis was performed on the intersection targets using Metascape. The protein-protein interaction

(PPI) network was constructed and analyzed using the STRING database and Cytoscape software. The interaction between the

iE BHA: 2024-05-09
EEWHE: HEARFIEHEEGEFIGTE (82204685) : 1L T4 H AR =1 41 I H (2022-MS-246) 5 3L 7 B2 25 K 2% K A ) %
MR35 H (202310162004%)
F—1EE: XM A Q001—), &, %+, E-mail:lyj15509829340@163.com
*HEBEEE: v MA982—), 2, 4, BB, SR AL T T 25 B A A 1) 250 BF 75 TAF .E-mail: smockingandy@163.com
SUHBA1989—) , 2, T, Bl 28085 , AT L 12 il 2 AR ) A i WL K% 245400596 TAE . E-mail: yueyangliu1989@163.com



<2714 - 475 F 128 2024F 128 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research  Vol. 47 No. 12 December 2024

important components and targets were determined using molecular docking. Finally, the anti-cerebral ischemia effects of 4.
melanocarpa active component anthocyanin were evaluated using an in vivo model of rat permanent middle cerebral artery occlusion
(pMCAO) and an in vitro model of cultured microglia subjected to oxygen-glucose deprivation (OGD). Results The network
pharmacological analysis demonstrated that anthocyanin may serve as an effective component of 4. melanocarpa in the treatment of
cerebral ischemia. GO and KEGG enrichment analysis revealed that the TNF signaling pathway might be the main mechanism
underlying the anti-cerebral ischemic effect of 4. melanocarpa. Molecular docking results indicated a strong binding activity
between anthocyanin and matrix metalloproteinases 2 (MMP-2). The in vivo studies demonstrated that oral administration of
anthocyanin (100, 200 mg-kg™') for seven consecutive days significantly ameliorated blood-brain barrier damage, downregulated the
expression of MMP-2 and upregulated the levels of VE-cadherin and occluding as well as downregulated the expression of
inflammatory cytokines interleukin-1f (IL-1B), tumor necrosis factor-o. (TNF-a), interleukin-6 (IL-6), and inducible nitric oxide synthase
(iNOS) at 24 h after cerebral ischemia in pMCAOQO-operated rats. In vitro experiments revealed that anthocyanins (20, 60 pgmL™")
effectively reduced the nitrite content and attenuated the expression of inflammatory factors TNF-a, IL-1p, IL-6, and iNOs in OGD-
treated BV2 microglia. Conclusion The extract of 4. melanocarpa may contain anthocyanin as the active component against
cerebral ischemia. Anthocyanin exhibits significant potential in mitigating blood-brain barrier damage and suppressing the release of
inflammatory factors following permanent cerebral ischemia in rats. The present study provides an experimental foundation for

further elucidating the active components, targets, and associated mechanisms underlying the anti-cerebral ischemic effects of 4.

melanocarpa and anthocyanin.
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e i A 2 R (IS 5 SRR A B L, ) i A ) o
— REBEAE I, 2 B N K ANE B0 ) 3 25
AT, H AR LR 1S FELLE IRy N E. B
U, 220 0 2H 23 21 3 I D B0 R BT 5 A 1 CrtPAD TS
S8 55 [ Al 24 1 B R R (FDAD ME— L i (1)
WAREZ . ARV IR T DR AR AE W I % 0 XU B
YR 97 I ] A2 (4.5 ), R I PR B FH 38800 J= PR .
DAL it 5 2 38— 2B OB BL B IS VRIT 250 . IS KK
Bl 52 2%, 6 S 380 1 i 5 s (BBBD 4475 9 JiE S 8
B8 3 AN B A T E AL R,
BE S B IS YR IT 2940 T IS R 97 RO AME . IR 4F
K 25 DL 2 iy 2 B0 SRR AU R R B IS
BT R

R W A€ #k Aronia melanocarpa (Michx.)
Elliott, 18 FR AN 22 %5 , A2 35 PRI U A6 46K 8 v - il
HEA, 0l 4% SRR AR . T 90 B SRR O AE Mk &5
A2 W E AR, BAA LR PR B
i PR PUE T SR BRI E A
FEMNEZMBNEY, OF R ZHMEES 2.
PARZH FEARE3-0- LA BT R REZH
FEREUZ BB GFAENELT R KA
E ) T BRI A R LHATEYS. R
SR AEAK A 7~ 2l v AR SR B R BT 2 A L
1R, AR IR e IR IR ZE LR VT
FR VUMERR & BRI AU R B, B S IR IV A MRk
R H S B i 2 By R & 4, IR B s i bt
AALBE ST, BEAh, B FUAIE S22 SR R AU A6 ARk e % 5

2 00 i) B 15 2 R T AR DXL 1, 491 a1 4 B A
7 6(IL-6) IL-8 Fl i e PR S A ¥ a( TNF-a) 5, $27
HEA R IEMDY, Parzonko Z51AF 5T K TR, BE R
JUR P A6 ARk SR S B A i 0 36 ok 4 R LA 5k T, BRI
I A2 BTG SRk FERE AL VR . % T IR R
JIFE AR B BT 2 L e Ak TR, T 48 S AN AR AL
JS7 38 S TS B L HE AR T A AL, 0 2 SR R
TERK AT BeXT T IS A BT I T E T o (H 2 AR R
JU A6 ARk $ P B TS 1R 95 P 43« 25 BRATL ) V6 T
AN B, A AR — P B .

W) 6% 24 T 27 5 1R 25 WD AE AR N AR FH R 2 44
EZ RN S il 0 =R SO S P U R TR A
RUTIX R, R G0 R s i 296 9T 5 1R I R
o3 R0 FAE FALE , 3367 ) B L 2 e " EF T4 2
B R R AW [FAE FH AL, D o R0 LE 1 o 24
PR IR AR, kg E T N TR
250 1S BIHEFT , T fii A 3 2 B M PHIE T3 55 N 1)
BH X S8 25 40 1R 2 BEML ISR AL T ARAEN . SR, N
LR VPR AE TR Z PR TN, T B 2 1 SEIR T 1R
UE, Qi oy 7B 5 . oy B C A VAN 2
5 EEGREM I — Mt BT 1Ak, U0
BEAR Je A A ST 56 6 0 2% 24 B 24 4y T 45 B 1) 3= B
o3 T AT SEES BEIE

AW FC R S I I ) 4 2 3 S 25 O Ay T o
AR5 B e R R M IO A Mk O FE BT IS A A I 2 L
g3 LR SR N B S O KRR K AT R B ik
PH ZE (pMCAO) 15 BY J /15 Jie Jot 40 M 1 %0 0%



$475 F128) 20245F 128 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 47 No. 12 December 2024 - 2715 -

F (OGDO B IR 5t H - E Rl oy 46 R B HT IS 1E H
HUH o DK 3 SR T AE RO A o Bt 1S 18 24542
(T
1 ##
1.1 Eh4)

SD K B, 1A 5 5 260~280 g, I [ 3L T K A A
W ARA IR A A A7 PR ATHE 5 - SCXK (3L 2020-
0001, BPiE TR T VLR 25 R R 2 SEER sh bt , W
5 22 2 BR85 12 h, 5 F (24+2)°C, [ B IROK .
A SEIG 22 PR 25 R R 2 ST S WG B 2 5L S kg
1 HLH £ 4 5 : SYPU-SQ-001.
1.2 R

P67 & (b5 - HY-126413, Jii 5 4> $(=>98.5%,
MCE 2 7)) ; BCA & [ € & 6l & (3t 5 : P0012,
Beyotime Biotechnology 2 # ) ; PrimeScript™ RT
reagent Kit with gDNA Eraser. TB Green” Premix Ex
Taq™ I (Hit 5 : RRO47A .RR820A , Takara 2> & ) ; ft
X85 (EB, it 5 : E2129, Sigma-Aldrich 2 &] ) 5 &
J5 42 J 25 1 B 2 (MMP-2) . Occludin VE-cadherin $T
& CHlk 5 : 10373-2-AP. 27260-1-AP. 83766-5-RR,
Proteintech 22 7] ) .
1.3 {488

Matrx VMR /NSl #) R AL (MIDMARK 22 7)) 5
CFX connect % I fig B #5 {X (Bio-Red A #] ) ;
Synergy HT* 5L I % )t i€ 5t PCR A (Bio-tek A A ) ;
C300 4> [ B E i Bt S8 2 4t (Azure A F]D
2
2.1 WRHEBFSH
201 E YRR IR G AR T B R T R
Hh 2 R g 2 B E S 40 i & (TCMSP, http 2 //
Isp.nwu. edu. cn/tcmsp. php, Version 2.3) £ 2% 22 I i
I AEAE M A TR I E R R T 4 S
5 FE (http : //www.cnki.net) J2 Pubmed H £ 2 AH 5% 3L
Wk, BE — 20 Wi B BB IR IR T AE K B 23, I A FH Swiiss
ADME #% [} Lipinski 28 25 1% T J5 W), J A=) 1 H B2
793 >0.1 Jybrit , 577 126 2 SR U A AR 12k e 737
B8 5 5 K 3 2 B2 4K UK i N PubChem, 25 48 X6 34 1)
Canonical SMILES 5 , ¥ SMILES 5 % A
SwissTargetPrediction, i it Probability >0 [#) # £i ,
) o B S AR, TR &% B4y (/R B £ . 7E Cytoscape
B N E VR R SR RS AT P25 40 4 2y
Wt I Fi HEORE A %k R SR T A8 AR 1k 23 BEAT
R
2.1.2 R ORI AE K HTIS K A R O

DL “Cerebral ischemia” “Ischemic stroke” 7F
GeneCards $U 48 J7 71 48 2 1S AH S HE A5, T i 45 14 A
Score i >5. [FIf, £ OMIM i FE 48 & 1S (14
TR 5, 2 AN B FE (W RE AU S L E L 19 B IS A OG
P B Ao RS IR T AE AR KR 43 B s IS A G
P B T S A B B R IR AT IS S .
T 0 0 i S R R AR BT IS R AT K R IR
JiR A AE AR T TS #E A5 5 N STRING % #s /& , ik <2 H.
Y& BB > 0.4, #4) 8 8 A 5T -5 E B B.AE FH (PPD
WX 2% B, 345 FH Cytoscape #E4T T AL AL 2 X 25 30 40 43
AT AR FH 55 A 7 S8 HE 44 T 20 160 A 22 SR BRI AE AR BT 1S
FRIAZ O 557

2.1.3  BERARAR (GO A 3t # kDA 5 B DR 4 5 42
F(KEGG M & E T #B IR AR EM T IS 52
R MetaScape 045 2 , 43 711317 GO 5 KEGG 18
P E AT, AR YE PAEHET G EL GO - B HE 4 T 10
1 KEGG 4 #T HE 44 51 20 ) & 5 45 3t 47l f 4k
AT

214 0 CRHAESTRESEEHAET 100
&N $2, 7 PDB BU¥ E M R B AR,
%% PDB % 2S5 A Pymol , £ HE /K FIVE 7 707
o H SN Autodock, N5, KB MK, FHN
pdbqt #% R0 PF . #E PubChem #5045 JE i R 86 &
3D 45K S0, N Autodock, N4 A, B NELEK,
TN pdb.qt g X CHF. BE MBS T MIEITSH
J& » 73 38 4T Autogrid4 DL )2 Autodock4, 1 F 45 &
&, H AT ATALAL AT

22 THILLE

221 SEXEMI K4l SDKRRIL40 H L EEHL N
AR B, 167 A il (100,200 mg-kg™)
W, A0 K. TEF R T 2K, TIE/ET7d
Wit igh T, R VIR ESESTd, TRIRG A G
R ZI3E AT F ARG

222 pMCAO # A i & 18 i £ & % ] %
PMCAO AL . FAR AT EE A EEIK, K 5798
BET N R (4% 555, 2% 48 F9) J5 , M EME & T F AR
& b 0 A O 30 A B K S5 S Ik RN S5 A Bk 5 45
FLET A B ok A0 ST B ok P 3 O iy, B N S PRI S50 B
ik 5 F- 30 4k 5 ik BE B8 4> X 3~5 mm &b A BY B —
AN B RE IR B A 1 2642 (ELAR 0.26 mm) #4531
ANk BT AE N =3 Bk, e E N 18 mm i
i, g5 LR R Bl k. AREE, 44 Bk A
PRI EE ARTFARHBRI N B KA SN LA S, HR
B RE YRR RN 2H — 3. RS 8 FH AR 35 B 4



<2716 -+ 475 F 128 2024F 128 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 47 No. 12 December 2024

FEsh WAl -

2.2.3 EBY:fi %% BBBIHiE FKF EBBINE
Pl BBBIEEM: . % 4H KRNI RERE22h
PL4 mLkg'& R K iv 2% EB, 1 5 5 A B LI &
B30 TH AR €, 2 h R A 2.5% = BRIV R
PRI R R 5 S 6 2% 0.9% S AL B ¥ VAT 00 I JBE VL
i 2E £ B Rt M R 5 S U AN B IR AN N, N- U H
HE H B 29 9 (0.01 mL-mg™) H1, 50 °C /K I8 Jz 3
72 h )5, B0 (350X g, 15 min) , BL_E 35 W 200 pL &
T 96 FLAR L A8 FH B A5 AX T 620 nm &b I & W O
FE CAE , iR 48 EB £l i br it th 26 71 B EB & &, 45
FUUA L EB & BRI,

224 GEENEVERIN BBBA R EAXKIE T
PMCAO i f5 J5 24 h, FFALBEHLEL 3 H KR, X KRR
HEAT WSk Ab B o T HCHE K o B 2 2F 1 A Ak i 26
21, I H 0.9% FAL AT S 2 1 &8 1% &=
Pt 00 o1 7] LA S Tl 1% T ) 751 1140 RIPA 2R gk 3% i 26
AT B RE s FEAR 2 12 000X g T 4 °C B 1>
15 min, B _E 3% ; f# F BCA ik 77 & 5 b7 W &
EREE, I 5 X B R ;s B FE e SR

100 °CHAE T 10 min 15 216 85 1 ;i# T SDS-%
PR T e 5 G Pk o) e B R AT 0 B, SRR B
EP 2 3E 169 PVDF b s # B S, F 5% Mt g 2F 93 4
M1 PVDF JIE£ 1 h, B J5 5% & 54 B 18— Pt [ Canti-MMP-2
P 1A (Proteintech, 66366-1-Ig) . anti-VE cadherin $i
& (abcam, ab33168) . anti-occludin #i & (abcam,
ab216327) .anti-B-actin(ACTB) 1/ (Santa Cruz, sc-
477781, T 4 °CWE B 1L 4 ; Yk H A A TBST I WIS
B 3 UK, BRI S mins I\ ZH0H B RC 1 (4 AH . o
J& I 0, /£ H AR K b Z I3 P 1 hs {8 H TBST
T IREEE 3 IR, IR S min L) ECL R 6K, B Tk
Bt Z g b AT W RO . IR PR IR AR R L
B354 1:500.

2.2.5  SZIF 9O E B PCR(QRT-PCRO) ER I K B
i 2 1 7 i 2 2R % 0E I F mRNA Rk i H
TRIzol i 7 HE HU 3% 41 K B (B4 4 W) 7 2 i 21 4
] & RNA. RNA 4fi & 2 Nanodrop W 5 J& » A
gDNA Eraser Buffer DA 2 [ 5E K20 DNA H b AT 4 5%
SEHG . G 53 5E RS PG TR 7KK DNA AR B 2
100 ng-puL ™" J& , BHT qQRT-PCRE5 . FIMMERNE 1.

&1 KESI¥F5
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TNF-a GATCGGTCCCAACAAGGAGG CTTGGTGGTTTGCTACGACG

iNOS GGTGAGGGGACTGGACTTTT TTCTCCGTGGGGCTTGTAGT
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Table 2 Primer sequences of mice
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IL-6 GCCTTCTTGGGACTGATGCT TGGAAATTGGGGTAGGAAGGAC
IL-1B TAGGACGGACCCCAAAAGATGA TCTCCACAGCCACCATAGGT
TNF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
iNOS CCCTTCCGAAGTTTCTGGCAGCAGC GGCTGTCAGAGCCTCGTGGCTTTG
B-actin CCTCTATGCCAACACAGTGC GTACTCCTGCTTGCTGATCC
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\/~
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Fig.1 Active ingredient-target network of A. melanocarpa
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Table 3 Active ingredients of A. melanocarpa

At D% FEAE | 75 D% FEfE
1 1£75 % (anthocyanidin) 38 |13 I PE (fucose) 17
2 %3 )5 /2 (chlorogenic acid) 38 | 14 L-Bi 4715 (L-arabinose) 14
3 1 4¢ R (neochlorogenic acid) 38 | 15 - FL B (galactose) 14
4 28 1 (quinic acid) 36 | 16 JHER (nicotinic acid) 7
5 D-¥-FLBEEE IR (D-galacturonic acid) 26 | 17 FHE TR (citric acid) 6
6 D-7 E FE % 1 ( D-glucuronic acid) 26 | 18 3L ER (malic acid) 4
7 ‘H # EZ R (mannuronic acid) 26 | 19 94 R (tartaric acid) 4
8  REHHR-3-O-FIHi A HEF (cyanidin-3-O-arabinoside chloride) 19 | 20 £ & ) (tocopherol) 4
9 K5 K -3-0-AK BT (cyanidin-3-O-xyloside) 19 |21 R (oxalic acid) 2

10 1 % HE (glucose) 18 |22  DL-PUKIMER (DL-ascorbic acid) 1
11 AW (xylose) 18 |23 PR ML Cascorbic acid) 1
12 H #& B¥ (mannose) 18

SERMRTERRE S B B T e A

B2 ERBMEMESERSISERNFERE(A)SPPIFEE(B)
Fig.2 Venn diagram (A) and PPI network (B) of targets of A. melanocarpa and IS

Al ¥ 52 & (EGFR) V& B #1745 (APP) (2 4) . x4 PPIMZHIZLERS
PEoR, BB A MR T R 1k R Y ORE W TS AR S Table 4 Core targets of PPI network
O GRS B A R 3 K] FEAH
33 GOXKKEGGE&ENH 1 TNF 36
{5 F Metascape i /22 % 22 5 R B A Mk BT 1S #E 2 CASP3 30
AT GO Y fit 5 KEGG J8 % & 4 40 #r LA #r , 2B 3 EGFR 26
R ACRKDT IS W AEAE AL . ARG P{EEI GO 4 APP 26
Ot AL HER T 10 (0 245 R (B 3), GO 4 Hr 4 > GSK3B 25
T BRI A KT IS A AL 2 5 i A i 6 PTGS2 25
T2 (BP) F2 B J Ak 25 5 fih A% 338 (10 1R 15 L 18 S A (5 5 7 ESRI 25
Bt S TR R 3, 4R BT LA B 0 1R IR 4 4 8 MAPK3 24
FLZEL AR (CCD 2 i85 1 5 Al M 5 A 7 L 5 A i 5, ? MMP2 20
10 HSP90AAI 20

7 ¥ DIRE (MF) 2 B9 K N kg 1 R L =R
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Fig. 3 GO and KEGG pathway enrichment analysis
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Table 5 Docking score between anthocyanin and core

targets
NO. R 45488/ (kImol ™)
1 MMP2 -34.86
2 PTGS2 -31.27
3 MAPK3 -30.51
4 TNF -29.21
5 HSPY90AAI -27.00
6 ESRI -25.67
7 EGFR -25.46
8 CASP3 -24.12
9 GSK3B -24.12
10 APP -20.44

El4 EEFERZEMMP2H S FRHETRLS T
Fig. 4 Visual analysis diagram of molecular docking be-
tween anthocyanin and MMP-2
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Fig. 5 Effects of anthocyanin on BBB damage of pMCAO-operated rats (x+s, n=3)
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Fig. 6 Effects of anthocyanin on release of inflammatory factor in ischemic penumbra of pMCAO-operated rats(xts, n=4)
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Fig.7 Effects of anthocyanin on nitrite content and release of inflammatory factor in OGD-treated BV2 microglia(xts, n=4)
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