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GG I AR B PE . Fik 40 L CSTBL/6 /NERBERL S A Xt BEZH | KA vh s bk P4 2E(MCAO) 2 | {%
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H o #ENT MCAO BRI AU 2 Bl 25 & (OGD) ARSMEE T 3 SR B RS H 0 28 R 0™ B R B P43 (mNSS)
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BERR ALK [ 43 3124(100.31 £ 3.01)%.(0.09 + 0.03).(0.13 + 0.03).(0.20 + 0.04),(0.18 £ 0.03) ] L4, OGD
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[ Abstract] Objective To investigate the effects of ginkgolide K on vascular endothelial growth
factor (VEGF) expression and cerebral angiogenesis in mice with cerebral ischemia via the PI3K/Akt/mTOR
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signaling pathway. Methods A total of 40 C57BL/6 mice were randomly divided into five groups with 8 mice
in each group: control group, MCAO group, GK-L group (3.5 mg/kg), GK-M group (7 mg/kg) and GK-H group
(14 mg/kg), with 8 cases in each. MCAO rat models and oxygen glucose deprivation (OGD) in vitro models were
established.The modified Neurological Severity Score (mNSS) was utilized to detect neurological deficits in mice.
TTC staining was utilized to detect cerebral ischemic area of mice; immunofluorescence staining was utilized
to detect cortical angiogenesis and astrocyte coverage in the peri-infarct cortex of ischemic mice. Hemec / D3
cells were cultured and divided into control group, OGD group, OGD + CK group, OGD + LY group (LY as
PI3K Signal pathway inhibitor) and OGD + GK + LY group. Endothelial cell activity was detected by CCK-8.
Western blot was used to detected the protein expression of HIF-1 « , VEGFE and PI3K/Akt/mTOR pathway-
related gene in endothelial cell; cell scratch test was used to detect the migration ability of endothelial cell;
angiogenesis test was used to detect tube formation ability of endothelial cell. Results Compared with MCAO
group [(5.37£1.25), (11.99 £ 1.72)% ], the mNSS scores [ respectively (3.37 + 1.32), (2.23 + 0.38) ] and the
area of cerebral ischemia [ (4.75 + 0.89)%, (2.42 + 0.42)% ] of mice in GK-M group and GK-H group were
significantly reduced (all P < 0.05). Compared with the number of EdU+/CD31+cells, the number of EAU +/
GFAP+cells and the astrocyte coverage of MCAO group [ (3.33 £ 0.58), (4.33 + 1.53), (69.20 = 5.60)% ], GK
Mouse EdU+/CD31+cell count [ (13.67 £2.08), =3.576 |, EAU+/GFAP+cell count [ (8.33 = 1.53), 1=6.008 ],
and astrocyte coverage [ (82.26 +7.77)% ] increased significantly (P < 0.05). Compared with the control group
(100.31 +3.01)%, the cell viability (52.37 + 9.06)% of the OGD group was significantly reduced (F=19.914,
P <0.05), HIF-1 o (0.17 +£0.02) and VEGF protein expression (0.18 + 0.03), Akt and mTOR phosphorylation
levels [ (0.28 + 0.06, 0.38 + 0.05) ] were significantly increased (P < 0.05); Compared with OGD group
(0.28 £ 0.06), OGD+GK group cells HIF-1 a (0.22 +0.03) and VEGF protein expression (0.23 + 0.03), Akt
and mTOR phosphorylation levels [(0.48 £ 0.09), (0.52 £ 0.05) ], cell viability [(61.07 +3.48)% ], mobility
[(85.26 £ 11.03)% | and the number of tubular structures [ (81.97 £ 5.79)% | were significantly increased
(P < 0.05). The OGD+LY group showed the opposite change; PI3K signaling pathway inhibitor LY294002
could reverse the effect of GK on OGD cells. Conclusions  Ginkgolide K up-regulates the expression of VEGF
through PI3K/Akt/mTOR signaling pathway to promote cerebral angiogenesis and improve ischemic stroke in
mice.

[ Key words ] Ginkgolide K; Cerebral ischemia; Angiogenesis; PI3K/Akt/mTOR signaling
pathway; Vascular endothelial growth factor
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AR rp R B L 3 B0 T AR Y
Rl —, B2 b 2y 4 R A o 401 1Y 80% . ik
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B T DA Bt R A 4 A S R SRR
AR, BILAA I 2 R o AR SRR DR DR AP i £
Z kBB L BE D BRI AL NP 2 A (R
PEREE M5 P9 52 A2 4K T (vascular endothelial growth
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R I A= T BE A R MR T R TEVR YT RS

ERAY TR K (ginkgolide K, GK) J&—Ff AR A5 I
TR I SR OB B B ), RN i dife 1 o 22
PVE T £ 32 G . GK FUAh B ] i/ i v 8 ik
[f] 2£(middle cerebral artery occlusion, MCAO) #& 7Y

HP AR A T ARURT G K i B, O A0 A 28 T BE A
P L ]o A B AT (oxygen-glucose deprivation,
OGD) Ji7 , Gt B R 11 1 4 11 385 (adenosine
monophosphate activated protein kinase, AMPK)/ I
L 30 B AR L FH (mammalian rapamycin target
protein, mTOR)/ 22 & 18 | I & I8 & [ 134 i (serine/
threonine-protein kinase, ULK1) {5 5 i i 75 5 8 97
PE AW, {2 B R A M S B AT RS, iX W] GK
AT B R B B R TR 25 T B AR BRI
fi£ —3— 3 Mif# (phosphatidylinositol-3-kinase/protein kinase
B, PI3K)/ZE [ J i B(protein kinase B, Akt)/mTOR &
5 T I A O P A A S B L R I A 8 A
FAEM, 0% PIBK/AKYUmTOR 3& 44 1 1 VEGF
T ik 5 #2278 37 IR F (brain-derived neurotrophic
factor, BDNF) ik , o8 G 1l P25 A i 1045 A8 B
2R ARBESE B AR 5E GKG adf PI3K/AKY
mTOR {5553 [ P45 VEGF 2 1 RN 1fi 4 2 Bt fe
A INE B L DS SR A ok o 1 2 v T Y
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L3 5 40 Jfa: 40 L CSTBL6 /1N BRI 1 37 558
Y PN niE7 L NN ol IR P T
(immortalized human microvascular endothelial cells,
hCMEC/D3) Wy A LIk A AE R AT R R

2050/ 2, 3, 5- = R IE G AL 10 A (2, 3,
5-triphenyltetrazolium chloride , TTC) Il H 3¢ [ Sigma
2wl GKIA A YLIRHES 2500 BT TN T -1«
(hypoxia inducible factor-1 o , HIF-1 o), VEGF, Hif
i —3— 1l 1 1t 0 T (G APDH) 1 JIie J5 41 4 T 1k 2 14
(GFAP) Fi&l A 9% [E Abcam; mTOR . p-mTOR | Akt
Fllp-Akt PiiRmg A 37 Cell Signaling Technology ; b5
R 1ot S5 AL W) i (horseradish peroxidase, HRP) #5ic —.
Y B 40546t R 31 (the cluster of differentiation
31, CD31) HT & F1 3 5 e W [ 32 [E BD Biosciences;
5- & B B2 - it S PR W5 E B 1 (5-Ethynyl-2” -
deoxyuridine, EAU; #t*5: £6032) 4 H H [ 75 F1H
AR R A

3425 : Click-iT™ EAU Imaging Kit with Alexa Fluor™
488 I 647 Azides, LA ke ¥ U U1 i AL 34 W A 5% [
Thermo Scientific 23 ] ; ¢ G R84 H H A Nikon

Z ik

1.3 35 K o4 40 H CSTBL6 MEYE /N LT
Lot I 55% ~ 65% I 19 ~ 25 CIRGE PSR,
P At FE R R OK FERL, R/ B B AR 1R
B /N BUBE AL S X R AL MCAO 2 . GK-L(fiG ) 4
GK41). GK-M(H5 i GK 41) Al GK-H 41 (7 7l 12t GK
), TS 8 H.

2. Jigi ke it/ BB B i 5 e 25 25 40 B : MCAO 4
FIGK-L. GK-M . GK-H 2H % Longa %" g 37 i 42
A MCAORE R, iy A5 S S kA A, 1530
KA s 1.5 hoRe R gk it X IREZH /N R b4y
FHIF AP ARERAE , (BARIH AR L, #8524 h
AT TER 2 . GK-H AU IETEST GK (14 mg/kg)
FEU(5 mg/kg), GK-LZLE I HT GK (3.5 merkg) il
S AR PEUK , CK-MZALR ST GK(7 mg/kg) FIAE
do R R K, X R R MCAO 2 fs 1 5 45 o 3
KM EAUG mgkg), ELLL42514 dJn, HHAT IR E25L
B EdURIUNER OISO,

3.0 B A4 AR gE ™ AR B IF ) (modified
neurological severity score, mNSS) : HH/INR 514 d

Ji, %30 11 ], #E4T mNSSl L, mNSS
iz Bl vt | SR SR T ARSI, B A A
184, S BUH = Fn M 2 RGO

4 TRt o AR L AN 14 A,
W Sk 7 Ak BB KRR G EUR , 20 C AT AR
30 min, MXALZU) %3 AR AT B, 2% TTC 44
37 CHOLIFE 30 min, BEERZE th R IA W (PBS) Vi Ik
G F, 4% 22 5 W [ 52 ki A 24 ho Tmage J 31453
HrAFETH

5. PEDIEYL A 10% K A A BEFREE /N R, O
P 7 94 A BER K RN 49 22 T I, BN RS AT
SEFFE R B, R URUI A AL &AL . TR
0.3%Triton X-10035 1k, 10% BRE W85 37 °C T £ M4
1 h, CD31(1 : 40) F1 & Jit £F 4 1R 1k & 1M (glial
fibrillary acidic protein, GFAP) (1 : 200) #ii{& 4 °C it
A= @i@ﬁﬁiﬂi?ﬂ%%?ﬁlﬂm‘z(phosphate buffer saline
Tween-20, PBST) 1§ ¥t )5, I AAH L Alexa Fluor 488
% 594 —Pi(1 = 200) ZiEFFE 1 h, Hoechst 33342 4t
o W EAU & AR & 4T Click K0, &l EAU
KCIEOL. PBSTIHGENG , DO AR T WAL, GFAP
T RS, CD31 R KL, Hoechst I H ¥4
), EdU RICH S EELE

6. 40 it 5 37 K Ak B . hCMEC/D3 41 it FH 5 10%
Ji 4 135 (FBS). 1% 5 85 & — 4 55 R 1Y ot B A% /R
Wi IR FL(DMEM) J 923, T 37 €. 5%CO, &4 F
Feo HNMEIHEAT OGD B, W 20 M 5% 7 T JC 7 % W %
FRH, F37 CL 1% 0, 5%CO0, ., 94%N, £ T Kz
F26h, FE IR E R SR . B A MR RO AT 45
AL B, X B2 (S5 AR BRERJK) . OGD 4H (G5 im A= #E
Eh7K). OGD+GK41(GK 30 w g/L). OGD+LY £H (PI3K
15 5 38 ¥ 0 ) 50 LY294002, f8] KW LY, ¥k
10 wmol/L *") F1OGD+GK+LY £H(GK 30 pg/L, LY
20 pmol/L), 4HMIT 37 °C . 5% CO, 5 FHEFE24 h
J& , AT RS H

7. CCK-8 ZMIE PRI - X E0 A= K 1 hCMEC/
D3 4l g 32 Fl F 96 L AL (5 x 10°4~/4L), 37 C.
5%CO, 5MF F4RSERE 7 24 ho (EZALOGD 438 0.6
9 12124 hJi7 , BFLINTA 10 1 CCK-8.37 °C.5%C0,
M EE 3 ho BEFRCINE £5FLTE 450 nm AbAYIK
J6E(A) {5, hCMEC/D3 41 Jifd £ Ff 96 FLAR h, 15 3%
24 hJi, B4l o A X EA] . OGD 41 A1 OGD+GK 41
(GK2.10,30f150 wg/L), 4kZE15 5% 24 b, B:FLIN
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A 10 1 CCK-8. 37 C. 5%CO, %A FWEE 3 ho i
FRASCI 7 44 FLAE 450 nm AL HY A {H

8. Western blot: U ££ hCMEC/D3 40 i1, XN 2 fig
(bicinchoninic acid, BCA) y2: % & HWK 5, (20 wg
AT T Zon B R N — R TR T g 1 P YK
(SDS-PAGE) 43 B 2 11, T ¥ HA% 2 Rl — 9/ O M
(PVDF) i 1o 10% I B 4%k % 33 3 113 h, A
HIF-1a (1 : 2 000), VEGF(1 : 3 000), p-mTOR(1 :
2 500), mTOR(1 : 2 000), p-AKT(1 : 2 000), AKT(1I :
1.000) f1GAPDH(1 : 2 000), 4 CiI %M H . HRPHx
WL 2 2 50038 =M E 1 h5, iRt
(ECL) &6 B8, Image J M 4 IR EAE, LAH
(5547 5 GAPDH HfE 2R H B8 AR ik it

9. 4l it %) JK 5256 . hCMEG/D3 41 i L) 4 x 10° 4>/
LB M T 6 L0k, 37 °C. 5%C0, & F 15524 h
Ja, 100 w IR Sk 26 B 6 FLARWIYR , PBS V& VR4
MO, A I DMEM X5 353, 37 °C. 5%C0, %
IR 12 W, WG Image J 704 4 MUiE

10. IV TE WSR3« K FE TS 4 CR s i, [n]
96 fLAR H A FEFE (50 w1/ fL), 37 CTFEA1 h
hCMEC/D3 41 L (2 x 10° 4~/ ml) 5 T 96 FLAT .
OGD £ TE 9 hin, W Be+A 48 P B 4 4 s
eI o Image J 338 3 3 3RO 5548 S 1)
TE o

11. 85312405 8. FHSPSS 19.0 #4347 583
B, Bl LA + 2+ s) Fom, 2410 3
KR ZE T 2250 HT1 (one-way ANOVA), ZH 6] LY
R FLSD-k 5, LLP < 0.05 M5 G245 X,

& R

1. GK e e it P i A /N BRU) A 22 D) R T 43
IR H mNSS SZEEE AT, MCAOZH .
GK-L4 . GK-M 4 Fl1GK-HZH /) fL 55 14 K mNSS ¥
I3 4y B R (5.37 £ 1.25).(4.67 £0.45).(3.37 + 1.32),
(223+038) M, 4l bk B EZ R A RITFEE X
(F=6.351, P < 0.05), GK-M £H 1 GK-H #1 /> i, mNSS
T BALTMCAOLL (P < 0.05), HLL4257 d
Je, 4 4 /0N BB s i i AR A3 00 o (11.99 £ 1.72)%
(12.90 +2.66)% .(4.75 + 0.89)% .(2.42 + 0.42)%, 4 4H
2R A G L (F=45.417, P <0.01), GK-M
ZH N1 GK-H 21 /)N BRI e i 18 AR B /T MCAO 41.(3
P <0.05), WE 1OLA S ),

2. GKAR i fife it 4 25 v /s BRI 45 26 Bl DL T2
(LA S =) o BEDEAIN /N ERAEBE AL Bl B
H CD31 M EdU PHP: 40 a2k, 25 2R o, 5 MCAOH
[(3.33£0.58) 4~ ] b4, GK4 /) BLEAU/CD31" 41 fifd
[ (13.67 +2.08) 4~ | B+ (1=3.576, P < 0.05)

3. GK AR F e i A v /I Bl il A8 &) 16 ) B2 0
JE S A 7 e DL 3O AR B B =) . AR aole
ST gk AT, X RE 4 [ (23.49 £5.000% ], MCAO 4]
[(69.20 £5.60)% ] FI GK 41 [ (82.26 +7.77)% | /] FL Al
Yt 5] P DX 358 o 2L TR 52 I 00 M B A A5 7 L £ 2
S EAG 2 LB 3A, F=73453, P < 0.05); MCAO
H[(433+£1.53) D I FIGKA[(8.33 +1.53) 1 ] /M
EdU"/GFAP" AP 2 5 HA G243 (K 3B,
1=6.008, P <0.01). H & 3C ML R, 2 IE I 20
i 368 3 R A R R A

4. GK¥ 38 OGD J5 W Kz 40 il o VEGF /) 3% 3K
ULE 4, H1 CCK-8 Fll Western blot S2E 45 F A %1, 0 h
H.6hl . 9hd., 12 h41 124 h 4 40HE3E 714350
(102.36 £ 9.42)% .(82.51 +9.15)% .(70.60 + 9.39)% .
(5249 +7.61)% .(23.83 £+ 6.94)%, S L, Z A
Gt E L (F=36.568, P < 0.001), X M40, OGD
ZHFTOGD+GK 4141 Ha 3 343 24 (100.31 +3.01) %,
(52.37+9.06)% .(54.55 + 5.87)% .(58.55 + 7.80)% .
(6824 +7.51)% .(77.14 £ 7.33%), 6 4 L 5%, 2 H A
Giit e L (F=19.914, P < 0.001), XfME4H O0GDAH
FOGD+GK 4 VEGF & [ 34 43 71 2(0.18 £ 0.02),
(0.24 +0.05).(0.39 £ 0.09), 341 b4, 5 H G112
Y (F=9.114, P <0.05),

19 kDa

YA OGD4  OGD+GK4H
4:: hCMEC/D3 AJRifst 48 N 2 ML 3 s VEGF I M 2B K5 0GD
SERTRREREIZE ; GK A7 NS K ; GAPDH HH i —3— BisfR i S0t
El4 Western blot 4l \(CMEC/D3 4l il VEGF 1k

VEGF

GAPDH

5. GKil & ¥ 1% OGD J& N Fz 4fl Jifd v (1) PI3K/
AK/mTORAE 5 & 3 i 12 H4 INVEGF k. WL & 5,
FH Western blot 32 56 4% 2 v 1, X B 20, OGD 4 .
OGD+GK 41, OGD+LY 241 F1OGD+GK+LY 41 41 g
Hi p-Akt/Akt & 35 43 51 41(0.20 £ 0.04).(0.28 + 0.06).
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(0.48 +0.09).(0.22 + 0.03).(0.32 + 0.06), p-mTOR/mTOR
# i5 4r B oA(0.18 £0.03).(0.38 £ 0.05),(0.52 + 0.05),
(0.19£0.02).(0.32 £ 0.08), S4 &, 22 % H 4t it
25 W(F=9.956, P<001; F=24.584, P<001; [¥5);
HIF-1 o 3570 51°5(0.09 £ 0.03).(0.17 + 0.02),(0.22 +

0.03).(0.10 + 0.02).(0.13 + 0.03), VEGF % i 43 % Ky
(0.13 £0.03).(0.18 £ 0.03).(0.23 + 0.03).(0.15 + 0.03),
0.18+0.03), S LK, ZR B A FH it = B X
(F=12.486, P < 0.01; F=5.346, P < 0.05).,

56 kDa

60 kD
Akt N

p-mTOR 289 kDa

mTOR 289 kDa

HIF-1« 92 kDa

VEGF 19 kDa

GAPDH 36 kDa

5 5 B P

T GK AR TR K; OGD U %5 0 8 75 5 PI3K 5 I 19k LI -3 - it 5
Akt B B; p-Akt BRI Akt; mTOR & IAE EHE M ; p-mTOR k1L
mTOR; HIF-1 o SEIESH T 1 ; VEGF 4 M 4K ET; GAPDH Hil
i —3— WA AR U 5 LY PISK {5 5 M 171 1.Y294002
5  Western blotA& il PI3K/Akt/mTOR , HIF-1 « Fl VEGF 2R 151K

6. GKifl 18 3 1% OGD J& PN 5z 41 Jid v 1% PIBK/Akv/
mTOR {5 5 A A7 A VB - B CCK-8 ., 4l k]
IR S AN B BRI Al 0, XHRZH . OGD4H . OGD+GK
2H . OGD+LY £H 1 OGD+GK+LY 20 41 B 3% J1 43 51
(100.43 + 1.78)% . (47.30 + 4.78)% . (61.07 + 3.48)% .
(4052 +5.50)%.(53.62 = 4.08)%, 54 #L, 2=HH G
2R X (F=97.739, P< 0.01). OGD4], OGD+GK 4 .
OGD+LY ZHF1 OGD+GK+LY ZH 41 i 3T # % F 45 R 45
P %5543 51 4(100.69 + 2.76)% . (192.01 + 17.16)% .
(8526 + 11.03)%.(125.11 £ 11.71)% Lk S (100.40 + 3.79)% .
(162.90 + 8.87)% .(81.97 + 5.79)% .(123.18 + 10.67)%,
A AL, Z R A SR L(F=47478, P< 001, ¥
6A; F=60.704, P <001, K|6B),

2 I

A RO F N TSR ORI TR, AR
TBR A M LA R A )
HIFE TR Bl 2 P i R B AR AR L T
B PR R, MR T B — R TR TR
7RIS o AR IR ERY) 38 A AN [ AL 2 MCAO
Jea kA i Tt I RS R L5 4 12 0 2% e £ s A A
e 2T RIBET " GK R — Rl AR A 438
HORIBIRL RN FACE Y. Bl &3, GK
T 2L A AR TR A BB -3 B AR Sk
AR A 1, DN T 9 2 i ke i, v b 22 T
GK 38 o T Janus AHOC I 2 /557 2 5 5 5
I D7 3B AR MCAO /N U b 4 1A A i ©

GK )72 HIVE SR A i 038 RO IR IE IR
A3 Ao A A 0 P T 403 S ) 9 R ARk R 9K
AR 2 TIIRE Y AL R B R, G
SRR (R I ol i P AR R INER G R 2 T RER AL TR
sty 2 ik e ot v R, K B GO ffe If 1 A v 2
LAY ER, AR S Z AR 25 R —8 meE
Az BT T 28 1 R G R, O HLAT T i B
M5 BB . B B A 2 S kA
e A KR fih T S AR IER R, GKGE I
PG JAK2/STAT3 & A2 {2 #E MCAO /)N BB AR rf i 1
AR ARBFIE S R, GK AT B i 2
rh N B BE JE B Bz R EAUY/CD3 1 0%k, 1245 2%
B, GK AT E s i AR /N BRSO AT 1, A R
IR IS P B REVR
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