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Abstract: Objective To explore the mechanism of Huoxue Rongluo Recipe (3% 5% 4% 77, HXRL) on promoting endothelial cells
angiogenesis via regulating circadian protein brain and muscle arnt-like 1 (Bmall) based on the theory of yin-yang and the effect of
HXRL on angiogenesis after cerebral infarction. Methods Western blotting was used to detect the expressions of circadian proteins
Bmall and Clock at each time point after bEnd.3 cells were injured by oxygen-glucose deprivation/reperfusion (OGD/R). Chromatin
immunoprecipitation sequencing (ChIP-seq) was used to determine the role of Bmall in genome wide, and its effects on bEnd.3 cell
biological process, cell component and molecular function. The optimal intervention concentration of HXRL containing serum was
detected by CCK-8 method. Bmall gene was knocked down in bEnd.3 cells and divided into control group, model group, HXRL
containing serum group, si-Bmall and si-Bmall + HXRL containing serum group. The expressions of vascular endothelial growth
factor (VEGF) and neurogenic locus notch homolog protein 1 (Notchl) were detected by immunofluorescence. Western blotting was
used to detect VEGF, matrix metalloproteinases 2 (MMP2), Notchl intracellular domain (NICD) and delta-like protein 4 (DLL4)
protein expressions. Results After bEnd.3 cells were injured by OGD/R, the expressions of Bmall and Clock proteins were gradually
increased, and there were significant differences at 8, 12, 16 and 20 h points after modeling (P < 0.05, 0.001). ChIP-seq suggests that
Bmall was involved in cell development, differentiation, proliferation, and other processes in endothelial cells, and targeted the
transcriptional start site region of VEGF and Notchl. The results of CCK-8 experiment showed that after bEnd.3 cells were injured by
OGD/R, 10% HXRL-containing serum could effectively improve cell viability (P < 0.001). Scratch, migration and tube formation
experiments confirmed that HXRL-containing serum could effectively improve the migration ability and angiogenesis ability of bEnd.3
cells after OGD/R injury (P < 0.05, 0.01, 0.001), but in Bmall knockdown strains, this promotion was suppressed (P < 0.05, 0.01,
0.001). The results of immunofluorescence and Western blotting showed that HXRL-containing serum could further increase the protein
expressions of VEGF, MMP2, NICD, DLL4, Bmall and Clock in bEnd.3 cells damaged by OGD/R (P < 0.05, 0.01, 0.001). In Bmall
knockdown strain, the promoting effect of HXRL-containing serum on the expressions of VEGF, MMP2, NICD and DLL4 was
inhibited (P < 0.05, 0.01, 0.001). Conclusion HXRL can effectively promote the angiogenesis of endothelial cells after OGD/R
injury, and its mechanism is closely related to the regulation of circadian clock Bmall protein.
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ZHAN si-Bmall +i5 M5 T 4H . X RRH T 1IEH %A1
THEEFR; WML “2.47 TR T IAACEE; T 54
TG SRR o DMEM oRERE IR 3E, By
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2.8 XIJRSZIEAEN bEnd.3 (AAETREAE
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FTE_ b= BRI AN . N = BRI bEnd.3 41
FH 4% HEELE 72, 0.1%45 2 ge i Gt i b R 9
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AbF X B0 K I bEnd.3 4088, FI % 10%Xd BE i i
FNE M54 77 & 25 5 ) DMEM i b 55 77 55 43
HEAM, BL 2X10% AN/FLER 238 HT R TR
Wer 96 FLMR, BREEEIE 6h, TR TS,
FERCE A, FFRENLEEL 3 NMLEF, H Image Pro
Plus 6.0 73T RG T EEIL 4 ANFENLILELE T 7
R
2.11 Western blotting #4885 Bmall. Clock.
VEGF. MMP-2, Notch-1 % DLL4 ER XX

bEnd.3 iR T 10 cm B IR LA, ZHAERLE
FEIRF] 90%Hhf, FHTGIMIER:F= 38557 24 h, SR
H6hja, 2T 4. 8. 12, 16+ 20. 24 h WcdEgH
M, DRI AE P s AR . 29 ZH I 43 N
10%5% R LI A L2 4% 07 2 25 IS E H 24 h JEUR
RGN, FHE B EBEDHIRIT RIPA 2R AR
i, $REUREE . SKH BCA & A & Bl &l &
FIREE, B AFEAE 10%+ e SO BRAN- 3 TR M Ik
JlelE i Bk, 7 2 PVDF B, N S%BiflE4E9h, =
BRRRE A 20, 33N Bmall Hifk (112000,
Clock FT#AC1 : 400). VEGF Hifk(1 : 2000). MMP2
Pifk (12 1000)+ Notchl HipfAk (1 : 15000 DLL4 it
A (1:1500) 1 B-actin Fifk (1 : 8000), 4 CHFH
A e, N HRP AR 2Edif 1gG itk
(1:8000), EIMFEIRME 2h; BEEMA ECL
ORI, KB BRAGAGHAT S, 18 H Tmage J
A 53 Br T IR AR
212 SBEFERAENMLES VEGF F1 Notch-1 EH
R

EUAL T34 B4 K ) bEnd.3 48, LA 5X 10
FLEFN T I PG ) 24 FLBRH, MfEhs B
IEE) 20%~30%*, AL 6 h, FI4E T 10%35 I
SREETT R LT IE W ALEE 24 he FEREEFRM, HAL
HI 500 L 4% 2 2 HEE[E 7€ 15 min; PBS 221

Clock*”hga*

Bmall | % S0 S Sl Sl e

- 1 4
Pacin| s e - - - - |20

A B C D E F

A-XTHRA B4h# C-8h#l D-12h#l E-16h4l F20h#4

9.5X10*

6.9X10*

TR S, IO 500 uL 0.25% TritonX-100 5 3
min; PBS ZZiiEbe S, I 5%4- s A& A,
Z P 30 min; 43 A0 100 uL VEGF 1 Notchl
Prfk (111000, 4 Ci; PBSHVEEE, 4 a0
100 pL 3t fe 1gG H&L HiR Al Dylight 549 FRic i)
PEH % 1gG HUAM (115000, =BT 60
min; PBS ZZrPiEGEAIM, 0 DAPL Z=iRiEHE
¥ E 3~5min; PBS &I BEE, BRI,
B 10 pL Bea gyt frifl, Tot st g
.
213 GtERE

KH SPSS 23.0 BAFH#AT G0, THER
BIPLX £ s Ron. AR & IEAS TS 7 25751
I, SREHBRETZ0, WHHECRE LSD 2%
T EANFEE, KH Dunnett’s 73 ¥; NGE1IESM
i5f, K Kruskal-Wallis £ A6 5 .
3 &R
3.1 OGD/R &/ bEnd.3 £4I%FEH Bmall &
Clock &Ik

T 56X bEnd.3 A0 fEEAT B IR DAL, HiEA IR
6 h G EFEEA, JHEREM 20 h N, B4 /BT
BUER A, Kl A4 80 B2 Bmall 5 Clock FIA4R1k
WK1 i, EFEEE 40, AW EA Bmall 5
Clock AT R, EFEA 8h “HRILEY
SR L B BT (P<<0.05), BRiIESA 12~
20 h, Bmall 5 Clock HFHFEEZEH T (P<
0.001). 3B OGD/R 4514 v] f P K 40 B A= b i A=
B, HEAWF RGBS, WIEATRgR, ¥
PTG 6 WEREE A 12 h 1E N80 T & .
3.2 Bmall ERENK AT REMFINEES T

VB AT ST OIEE, S5 ARG .
TR A YRR . Bmall AIEEIM B,
IR A BT, EAE P R 4 b B e s 4%

I 20 I

= - 25

LS 15 ****:**** 'H% 2.0 ****;l"****
= 7 Z s 1

Z10{g B z " T

o %{{ 1.0

et ‘

% 0.5 — 05

20 £0

© ABCDEF @ ABCDEF

x4 tE: *P<0.05 P<0.001

A-control group B-4hgroup C-8hgroup D-12hgroup E-16 hgroup F-20hgroup *P<0.05 “"P<0.001 vs control group

1 OGD/R {53 bEnd.3 A E4IHER Bmall 5 Clock FIAKIFM (X +s,n=3)
Fig.1 Effect of OGD/R injury on expressions of clock proteins Bmall and Clock in Bend.3 cells (X + s, n=3)
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2000 > bp Frii 3£ reads £ . 4 [K] 444 (gene ontology,
GO) Ujhe & 0tk APk iE (biological process,
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Fig. 2 bEnd.3 cells immunoprecipitation detected by
Western blotting
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