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Abstract To investigate the effect of Ginkgo biloba extract (GBE) on lipids accumulation and the progression
of atherosclerosis(AS), ApoE™ mice fed with HFD were injected i.g. with two different doses of GBE (GBE-L 50
mg/(kg-d) or GBE-H 150 mg/(kg-d)) for 9 weeks. The core targets and potential mechanisms of GBE therapy for
AS were investigated using network pharmacological target prediction. Subsequently, oxidized low-density
lipoprotein (ox-LDL)-induced THP-1 was used to investigate the effect of GBE on foam cell formation through
oil red staining and Dil-oxLDL fluorescent staining. The mRNA alterations in cholesterol uptake and efflux
receptors were detected by real-time quantitative PCR. Finally, the impact of GBE on the expression of PPARY as
the core target was assessed through Western blot and immunofluorescence. It was found that GBE improved
serum lipid profile, reduced necrotic cores and lipid deposition in aortic root plaques, and decreased the level of
inflammatory factors in serum of ApoE” mice. Moreover, GBE treatment reduced the level of intracellular lipid
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accumulation and inhibited cholesterol uptake and efflux to alleviate foam cell formation. GBE activated PPARy
to enhance ABCA1/ABCG1-induced cholesterol efflux in THP-1. These results suggest that GBE can suppress
lipid accumulation and alleviate foam cell formation by activating PPARy pathway.
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Table 1 Primer sequences used for quantitative real-time PCR

YR 225K, BRI ZE IR /KR e 40 AR
Mg
2.10 %BFE 2 &K% PCR (RT-qPCR)
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Control Model

20 s v

TC/(mmol/L)
*
*
TG/(mmol/L)

20 ns
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S IN
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Qil red

200 pm

H&E

Masson

Ginkgo biloba extract (GBE) attenuates atherosclerosis in ApoE” mice
A: Gross oil red O staining of aortas from C57BL/6J or ApoE” mice fed with WD or HFD for 9 weeks; B: Serum total cholesterol(TC), total
triglycerides(TG), low-density lipoprotein cholesterol(LDL-C) and high-density lipoprotein cholesterol(HDL-C) level (X + s, n = 5); C: Representative

Figure 1

images of oil red O, H&E, Masson staining of aortic root sections (X + s, n = 3).ATO: Atorvastatin

P <0.05, *P<0.01 vs control group; *P <0.05, **P<0.01 vs model group
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C /K 53 F %, HDL-C /K & % I 7+ (K 1-B).
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3.2 GBE TWA% i ApoE™ /) R ik ¥ g2 K -F
RAEWI =SB L AS 15— 5B 1 4l 57
JRUBS PR 2204, PRk fef ] ELISA 277 &40 T ApoE”
/N BRI R AEKE . S5 R, SRR A L,
GBE-L 41 #il GBE-H #H /> i I ¥ % 4 N+ 1L-1B.
IL-6 Fl TNF-o([&] 2), X245 R 160, GBE 1] LA
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g 150 [ ~ 2507 g 150

£ E £

2 i ®200f o 2 s

S 100} ok = g 100+ -
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Figure 2 Effect of GBE on the expression level of serum inflammation (IL-1p, IL-6, TNF-a) in ApoE™” mice (X+ s, n=15)

P <0.05, *P<0.01 vs control group; *P <0.05, **P<0.01 vs model group
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S, T VA A0 1 S A R ] e B i AN
JE 5| RN E BERRAS B IA T8 . B SE ) THP-1
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I 240 it f, feff P A [) vk B2 79 GBE 19 THP-1 P
Wk A0 i, 235 5 2 B0 150 pg/mL LA ¥ B8 X6 40 O 3% )
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Mol ID Molecule Name OB/% DL GBE atherosclerosis
MOLO011578 Bilobalide 84.42 0.36
MOL002680 Flavoxanthin 60.41 0.56
MOLO001558 Sesamin 56.55 0.83
MOL000492 (+)-Catechin 54.83 0.24 /
MOL000096 (-)-Catechin 4968 024 3‘ ‘ (619?3?;))
MOLO000354 Isorhamnetin 49.60 0.31 /
MOLO11589 Ginkgolide M 49.09 0.75
MOLO11587 Ginkgolide C 48.33 0.73
MOL000098 Quercetin 46.43 0.28
MOLO007179 Linolenic acid ethyl ester 46.10 0.20
MOLO011588 Ginkgolide J 44.84 0.74
MOLO11586 Ginkgolide B 4438 0.73
MOLO000449 Stigmasterol 43.83 0.76
MOLO001490  bis[(2S)-2-ethylhexyl] benzene-1,2-dicarboxylate ~ 43.59 0.35
MOLO001494 Mandenol 42.00 0.19
MOLO011597 Luteolin-4'-glucoside 41.97 0.79
MOL000422 Kaempferol 41.88 0.24
MOLO011594 Isoglycyrol 40.36 0.83
MOL005043 Campest-5-en-3beta-ol 37.58 0.71
MOLO005573 Genkwanin 37.13 0.24
MOLO000358 Beta-sitosterol 36.91 0.75
MOLO011604 Syringetin 36.82 0.37
MOL000006 Luteolin 36.16 0.25
MOL003044 Chryseriol 35.85 0.27
MOL009278 Laricitrin 3538 0.34
MOL002883 Ethyl oleate (NF) 32.40 0.19
MOL002881 Diosmetin 31.14 0.27

Figure 3 Pharmacological screening of GBE-AS network

A: List of active ingredients for pharmacological screening of GBE-AS networks; B: Venny figure; C: PPI protein interaction
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Figure 4 Pharmacological analysis of the GBE-AS network
A: GO enrichment analysis; B: KEGG enrichment analysis
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Figure 5 GBE attenuates lipid accumulation and the formation of foam cells in THP-1

A: Viability of THP-1 after treating with different concentrations of GBE was detected by the CCK-8 assay; B: THP-1 cells were stained with oil red O
after exposing with oxLDL after treating by GBE (20 and 60 pg/mL) or ATO (1 pmol/L) for 24 h (X £ s,n = 3); C: Comparison of THP-1 cells TC and

TG (X+s,n =5); D: Fluorescent images for macrophage lipid uptake in THP-1. THP-1 was stained with Dil-oxLDL (30 pg/mL) after treating by GBE

(20 and 60 pg/mL) or ATO (1 pmol/L) for 6 h, respectively (X+ s, n = 3)

P <0.05, "P<0.01 vs control group; *P <0.05, **P<0.01 vs model group

SR, DD U AR AR Y AR A (K] 5-D). DA S5 AR
B, GBE I LAY/ 160 VR 4H M 1) A i, 5% ik T PN g I
#EHL
3.6 GBE At Ft % PPARy 3§ hnfie [ 5% 5h 4

E UL R A M sk e, IR 1 e SRR HE H
P4 AN YA 2 0 R 200 L P g I 8 R 2 A
I, i3 RT-qPCR Kzl T THP-1 4 fif JH [ f 45
FANER SZ AR R A R RA . 45 R K W] GBE A LA
i E /D SR-41 mRNA /K-, F+ & ABCAI. ABCGI
1 mRNA 7K, 1% CD36 1) mRNA /K554 &
5 (B 6-A).

KEGG & #07 %& ¥, GBE By ] fEAE FH AL
5 PPAR i [ 4H 5, 1 Cytoscape fifi 158 A8 2% 0o 5 45
1, PPARy J2HEA BT A% 8 A, [R]S PPARy 1)
VA R AT L b S i A AR, 98D v A A
Mt A B, PRIIEASIN T GBE Xt PPARy 540, 45
7R, GBE A UL 3 15 PPARy [ mRNA Fl#
HKF (B 6-B Al 6-C), [lA fyie 2t & M, GBE
Al DL EHE5E PPARY HYFEIA (B 6-D).

DI 5, GBE nl R LI ik #45:% PPARy
s A 47 ol A 40 B ) A

4 it

LR AN M AT B AS AYRFAEPE R B AR &, 30
TV R A0 LT BT A R il ASUY . ARBIFSY 45 3R
W, GBE A]F#{ ApoE™/INERUAR P I g 7K SF R il ¥ R
JiE R F- 20, D20 B Sl KB 1 LR 57 % B,
GBE 1] D3 1 3458 PPARy fU A, fiE ¥k ABCA1/
ABCG1 Rk, Y8 nAH [ B, 0/ R 4 e i
AR

M AE 55 & AS BEZER R, M5
$% TC. TG. LDL-C fil HDL-C, LDL-C /&5 AS %
I HIL 1 B AH OC ) — AP IR B 1, 76 8 R 0 R A
LDL-C i AN J2 T 25 [BJE i oxLDL 23K 3) AS &
AR R CEE . IR & B, 3K LDL-C ¥k i
55 ASCVD = {4 %z Az AU 52 X B0 4k % 1 AH 2,
LDL-C 7K P35 H17E 1.8 mmol/L PA'F, AS B e i 2
Al LSRN SE, LDL-C K F4EHI7E 1.4 mmol/L
IR, O Ml FE T XUBS B AR 222%™, o5 —Flh i 2



5 56 5 2 1] FETIC, &5 FET WL 25 B R PR ISR i s PPARy 1677 Sh KA AL A HIL ] 233

A 20 25 ¢ B s,
#
5 5 20
? B ? | 2 1.0
o
5 = g 15 5
< L < <
Z 1.0 sk Z Z
-4 & 1.0 a4
g g = 05
= = s
N 8 05 <
%] O a
e > 07 o TS o <>
S ¥ S £ ¥ S F YL
C
L5 20r Control Model GBE-L GBE-H ATO
*k
w 172
8 8
< <
Z Z 150
! idid £
— 05¢f = g
% ﬁ ;u ’ *E g
0 > O Ly 9 O ::E 0.5 Y
O ¥ h PSRN 50
¥ 3 ##
D
Control Model GBE-L GBE-H ATO

100 pm 100 pm 100 um 100 pm
100 pm 100 um 100 pum 100 um 100 pm

100 gm 100 pm 100 pim 100 pim

Figure 6 GBE improves cholesterol uptake and efflux in foam cells by enhancing PPARY expression (X+ s, n=3)

A: Relative mRNA expression of macrophage cholesterol uptake (CD36, SRA1) and efflux (ABCA1, ABCG1) in THP-1; B-C: Relative mRNA and
protein expression of PPARy in THP-1; D: Relative protein expression of PPARy by immunofluorescent in THP-1

SR-A1: Macrophage scavenger receptor class A1;CD36: Cluster of differentiation 36;ABCA1: ATP-binding cassette transporter A1;ABCG1: ATP
binding cassette subfamily G member 1;PPARY: Peroxisome proliferator activated receptor gamma

P <0.05, *P<0.01 vs control group; *P <0.05, **P<0.01 vs model group
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