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[(FEE] ae HFIHESNTIRIY ( Ginkgo biloba extract, GBE ) XA M #35/Z H (oxygen and glucose
deprivation/reperfusion, OGD/R ) Z5fF T CoIERLMLAS P B2 i ( cardiac microvascular endothelial cells, CMECs ) HJ1EF K H:
SrFHLEl . Fe 7 OGD/R 55 CMECs A8, MIEAF LIS H 44 wEASAXNEA (WTH) |
WT+GBE 41, OGD/R 211 OGD/R+GBE 4. K ANEAA A AN T-7KF-, MitoSox S (N2 g AN,
RIJR S B0 A 240 U A5 8 J), Western EQIB A PERK/elF20/CHOP , #5455 K F B ( nuclear factor kappa B, NF-xB )
K T REAH B FAR B Rk K. 4% 5 WT 4L, OGD/R 41/ R0 gf T /K S8 3 B 7, ZaTag
PG WM, p-NF-xB. M 40EE5M4>F 1 (vascular cell adhesion molecule-1, VCAM-1) . ZH 1] Z5FH 4+ F 1

(intercellular cell adhesion molecule-1, ICAM-1) FEHFEEE L (P<0.05) , CHOP {55 I B 0 14 ik
(P<<0.05) ; % GBE TG, 2N EAEr -l R, SUbRREm A K- T8, p-NF-«B 4 335 Wm0
(P<0.05) , CHOP {55l M A (P<0.05) o #t—P0Hrk B, GBE @it SIRT6 FkA s Fiksr+, HEmik
¢ OGD/R %1 T CMECs #iffi; #ffk SIRT6 5, GBE WML Tl %4+ GBE M fedf SIRT6 HHFRIAK
JA¥E NF-xB #5E 73 F M CHOP {55 %, 3% OGD/R #4538 A PN B2 4B T BB . P45 0 g 85 R A Bz A A T
[REEIR ] ARAMREY); CHERUNE N 400 SORERIZR/ 5% ML SIRT6
[(FESHES] R4 [XEkiREB] A

Ginkgo biloba extract alleviates oxygen and glucose deprivation/reperfusion injury in cardiac microvascular
endothelial cells by regulating NF-kB and CHOP signaling pathways through SIRT6

ABDURAHMAN Mukaddas, GUO Zhenyang, GE Junbo, LI Hua"
Department of Cardiology, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract ] Objective To explore the effects of Ginkgo biloba extract (GBE) on cardiac microvascular endothelial cells
(CMECs) under oxygen and glucose deprivation/reperfusion (OGD/R) condition and its molecular mechanisms. Methods An
OGD/R-induced injury model was established in CMECs. According to different intervention, CMECs were divided into four
groups: normoxia blank control group (WT group), WT + GBE group, OGD/R group, and OGD/R + GBE group. Cell apoptosis was
detected by flow cytometry technology in each group. The oxidative stress was examined by MitoSox staining. The migration
abilities were measured by scratch assay. The expressions of PERK/eIF2a/CHOP, nuclear factor kappa B (NF-xB), and endothelial
cell function markers were detected by Western blotting. Results Compared with the WT group, the endothelial cell apoptosis level
in the OGD/R group significantly increased, with markedly aggravated cellular dysfunction. The expressions of p-NF-«B, vascular
cell adhesion molecule-1 (VCAM-1), and intercellular cell adhesion molecule-1 (ICAM-1) were significantly upregulated (P<<0.05),
and the activation of the CHOP signaling pathway was notably enhanced (P<<0.05). After intervention with GBE, endothelial cell
apoptosis caused by OGD/R injury was significantly reduced, oxidative stress and inflammation levels were markedly
downregulated, and the expression of p-NF-kB was considerably decreased (P<<0.05), while the CHOP signaling pathway was
notably inhibited (P<<0.05). Furthermore, it was found that GBE could promote expression of SIRT6 to regulate the above
molecules, thereby alleviating cardiac microvascular endothelial cell injury under OGD/R condition. On the contrary, when SIRT6

was knocked down, the protective effects were significantly reduced. Conclusions GBE improves endothelial cell dysfunction,
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endoplasmic reticulum stress, and endothelial cell apoptosis caused by OGD/R injury by promoting the expression of SIRT6 protein,

thus regulating the NF-kB inflammatory pathway and CHOP signaling pathway.

[Key Words] Ginkgo biloba extract; cardiac microvascular endothelial cells; oxygen and glucose deprivation/reperfusion;

endoplasmic reticulum stress; SIRT6
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Figure 1 Effect of GBE on cell function, apoptosis and migration of CMECs under OGD/R condition

A: The apoptosis of CMECs was tested by Western blotting. B: The apoptosis of CMECs was tested by flow cytometry. C: Cell
function was detected by Western blotting. D: Migration ability was detected by cell scratch assay. GBE: Ginkgo biloba extract;
OGD/R: oxygen and glucose deprivation/reperfusion; CMECs: cardiac microvascular endothelial cells; WT: wild-type control; Bel-2: B-
cell lymphoma-2 protein; BAX: Bcl-2-associated X protein; CC3: Cleaved Caspase-3; eNOS: endothelial nitric oxide
synthase. n=3, x s, "P>0.05, "P<<0.05.



REIGRES:  202582H  #E32E F1

Chinese Journal of Clinical Medicine,

2025, Vol.32, No.l 51

OGD/R  + +
GBE - +

ICAM-1
VCAM-1
p-NF-kB p65
NF-«B p65

B-actin

WT

WT+GBE

Hochest [t

MltOSO-
h -

The relative protein levels

1.5 = OGD/R
. . N =3 OGD/R+GBE
1.0
0.5
0 ﬂ ®
ICAM-1 VCAM-1 p-p65/p65
OGD/R

OGD/R+GBE

B2 GBE 7 OGD/R %4 T3f CMECs 4 #¢ fE A1 E 4L B I 54010
Figure 2 Effect of GBE on inflammation and oxidative stress of CMECs under OGD/R condition

A: Cellular inflammation was detected by Western blotting. B: Mitochondrial reactive oxygen species levels were determined

by using mitochondrial superoxide indicators in CMECs. The nucleus of normal cells is round and light blue with darker blue

particles. MitoSOX reacts with superoxide ions and is oxidized to produce strong red fluorescent products. GBE: Ginkgo biloba

extract; OGD/R: oxygen and glucose deprivation/reperfusion; CMECs: cardiac microvascular endothelial cells; WT: wild-type

control; ICAM-1: intercellular cell adhesion molecule-1; VCAM-1: vascular cell adhesion molecule-1; NF-«xB: nuclear factor-kappa B.

Scale bars=40 pm. n=3, x +s, P<<0.05.
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Figure 3 Effect of GBE on endoplasmic reticulum stress of CMECs under OGD/R condition
Western blotting and statistical analysis of the protein expression of BIP, p-PERK/PERK, p-elF2a/elF2a and CHOP in CMECs
under OGD/R. GBE: Ginkgo biloba extract; OGD/R: oxygen and glucose deprivation/reperfusion; CMECs: cardiac microvascular
endothelial cells; BIP: immunoglobulin heavy chain-binding protein; PERK: protein kinase RNA-like endoplasmic reticulum kinase;
p-PERK: phosphorylated PERK; elF2a: eukaryotic translation initiation factor 2A; p-eIF2a: phosphorylated elF2a; CHOP: C/EBP-

homologous protein. n=3, x +s, *P<<0.05.
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Figure 4 The effect of GBE on expression of SIRT6 in CMECs

A: The relative protein levels of SIRT6 in CMECs at different concentrations of GBE (low dose: 0.6 mg/mL, medium dose: 1.3
mg/mL, high dose: 2.6 mg/mL). B: The relative protein levels of SIRT6 in CMECs under OGD/R condition. C: The relative protein
levels of SIRT6 in SIRT6-knockdown CMECs. GBE: Ginkgo biloba extract; CMECs: cardiac microvascular endothelial cells; WT:
wild-type control; OGD/R: oxygen and glucose deprivation/reperfusion. n=3, x £s, “P>0.05, "P<0.05.
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Figure 5 Effect of GBE on cell function, apoptosis and migration of SIRT6-knockdown CMECs

A: The apoptosis of SIRT6-knockdown CMECs was tested by Western blotting. B: The apoptosis of SIRT6-knockdown
CMECs was tested by flow cytometry. C: Cell function was detected by Western blotting. D: Migration ability was detected by cell
scratch assay. GBE: Ginkgo biloba extract; CMECs: cardiac microvascular endothelial cells; OGD/R: oxygen and glucose
deprivation/reperfusion; Bel-2: B-cell lymphoma-2 protein; BAX: Bcl-2-associated X protein; CC3: Cleaved Caspase-3; eNOS:
endothelial nitric oxide synthase. n=3, x +s, 'P<<0.05.
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Figure 6 Effect of GBE on inflammation and oxidative stress of SIRT6-knockdown CMECs

A: The protein expression of endothelial inflammation markers was detected by Western blotting. B: Mitochondrial reactive

oxygen species levels were determined by using mitochondrial superoxide indicators in CMECs. GBE: Ginkgo biloba extract;

CMECs: cardiac microvascular endothelial cells; OGD/R: oxygen and glucose deprivation/reperfusion; ICAM-1: intercellular cell adhesion

molecule-1; VCAM-1: vascular cell adhesion molecule-1; NF-xB: nuclear factor-kappa B. Scale bars=40 pm. n=3, x +s, *P<<0.05.

SIRT6 TE4E+E N £ A Mu T e )y 1 B A G
SO AR S R & R R E, IR
O M . PR TN . I B LA
Tefeie ™ o FERK AT A R M, BAIR SIRT6 7]
I /R /IS BRI Pz A0 AR T R i ik o B 45
057", MK, FE SIRT6 ik T {2 iE XL HERE [
A2 ( forkhead box A2, FOXA2) fii ZWifk, il
ANMIAT, VRN UR 45 EAh, SIRT6 it

Al TS A E2 #HOCIH - 2 (nuclear
factor erythroid 2-related factor 2, NRF2 ) if 41
N B A g i T . IR BE AR B AT IS,
SIRT6 33 #&151] LIH OGD/R 51 i N Fz 41 i 3
RERERS, DAL N5 90 1 337K o

BT RN, B HEN SIRT6 1l Gk

J& GBE KRN (I AERE o R B0 T —HE
ARG T SIRT6 MLy CMECs 4iffi &, Jf
TEH E M OGD/R 444 T i#47 GBE T, 4R W
/N, GBE 7E# & A1 OGD/R & 1F F ¥y nl fi ik
SIRT6 & %1k L. £ OGD/R i5F T, SIRT6
[ AR i =R A A @ N 11 R 5 79
YRy, N Rz ATy RES EEAZ B, N BT
BOKETHE . GBE Tl SIRT6 ik CMECs 4 fifg
J& . AHMEE TR UK RGP i
e R, d4nH o) RE ks . SR,
GBE X} SIRT6 {5k PN &z 40 i i 7 i BH @A % 1 E
WNEZAMMAYER , 291 GBE il SIRT6 A& %X}
A Bz 4 M AR VE . SIRTG6 #)5 . GBE X
B 20 M ) R VR RS -



REIGREZ: 2025528 #5324 13

Chinese Journal of Clinical Medicine,

2025, Vol.32, No.l

55

OGD/R + + + +

GBE - - + +
shSIRT6  —  + - + X
BIP [ ————] . 20, . +  EEOGDR
o *
2 A *  E3OGD/R+shSIRT6
[ 53 * -_—
p-PERK |““ — ﬂ EREI -, 3 =1 OGD/R+GBE
PERK| - - -| g » — EOGD/R+shSIRT6+GBE
o
peelF20 (D WD - -
=05
o
cIF20 |- ®
= = 0 L
cror |l S $
p-actin | D S S
GBH)
OGD/R—————— GBE) (GBE
Cytoplasm
Oxidative
stress
a
NF-kB NF-kB------.__ R
BIP —
| o
PERK ——PERK Inflammation \\
1 p
@IF20 . @©IF2g 4
\l
ICAM-1 NF-«B
VCAM-1 Transcription —— SIRT6
Bcl-2 YOO\
' >—CHOP L )
Apoptosis BTX
Cleaved-
caspase3 S

Bl 7 GBE X SIRT6 &% CMECs 408 1 /5 ) K2 87K T B9 # i
Figure 7 Effect of GBE on endoplasmic reticulum stress of SIRT6-knockdown CMECs
A: Western blotting and statistical analysis of the protein expression of BIP, p-PERK/PERK, p-e¢lF20/eIF2a and CHOP in
CMECs under OGD/R condition. B: Diagram of the molecular mechanism of GBE in ischemia/reoxygenation injury in CMECs.
GBE: Ginkgo biloba extract; CMECs: cardiac microvascular endothelial cells; OGD/R: oxygen and glucose deprivation/reperfusion;
BIP: immunoglobulin heavy chain-binding protein; PERK: protein kinase RNA-like endoplasmic reticulum kinase; p-PERK:
phosphorylated PERK; elF2a: eukaryotic translation initiation factor 2A; p-elF2a: phosphorylated elF2a; CHOP: C/EBP-
homologous protein; Bel-2: B-cell lymphoma-2 protein; BAX: Bcl-2-associated X protein; ICAM-1: intercellular cell adhesion

molecule-1; VCAM-1: vascular cell adhesion molecule-1; NF-«B: nuclear factor-kappa B. n=3, x +s, "P<<0.05.
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