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and experimental verification. Animal experiment ethical requirements were approved by the Ethical Committee
Experimental Animal Center of Anhui University of Chinese Medicine (grant number: AHUCM-rats-2021070).
Based on the HPLC-Q-TOF-MS analysis and database, 69 chemical constituents of GX and 163 targets of GX for
the treatment of phlegm and blood stasis-related cardiovascular diseases were obtained. Then, key targets such as
serine/threonine kinase 1 (Aktl), tumor necrosis factor (TNF), interleukin 6 (IL6), vascular endothelial growth
factor A (VEGFA), cellular tumor antigen p53 (Tp53) were screened. Pathway analysis showed that the targets of
GX in the treatment of phlegm and blood stasis-relate cardiovascular diseases were mainly involved in PI3K/Akt
signaling pathway, sphingolipid metabolism, platelet activation, hypoxia inducible factor-1 (HIF-1), ras-proximate-1
(rapl) and other signaling pathways. In addition, molecular docking analysis showed that apigenin, cucurbitacin D,
linolenic acid and kaempferol and other key components had potential binding ability with Aktl, TNF, IL6,
VEGFA and Tp53. In the animal experiments, compared to the phlegm and blood stasis syndrome group, GX could
significantly improve the traditional Chinese medicine syndrome score, blood lipid, vascular endothelial structure
disorders and reduce serum endothelin-1 (ET-1) level, increase serum nitric oxide (NO) and endothelial nitric oxide
synthase (eNOS) levels, which could restore aortic endothelial function. In addition, the expression of intercellular
cell adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in aorta could be
significantly reduced, which could improve the vascular endothelial injury of aorta. Western blot revealed that GX
could significantly decrease the phosphorylation levels of phosphoinositide 3-kinase (PI3K) and Akt in aorta. This
study revealed the mechanism of GX in treatment of phlegm and blood stasis-relate cardiovascular diseases is
consistent with the characteristics of multiple ingredients, multiple targets and multiple pathways. In addition, this
study also clarified that the reversal of pathological of phlegm and blood stasis syndrome rats may be related to GX
inhibiting PI3K/Akt signaling pathway, which could improve vascular inflammation and vascular endothelial
function injury.
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Table 1 Information sheet of chemical compounds in "Trichosanthis Fructus-Allii Macrostemonis Bulbus" (GX). GL: Trichosanthis Fruc-

tus; XB: Allii Macrostemonis Bulbus

ID Compound Molecular weight  Formular  Source
GL1 Beta-D-arabinopyranose 150.05 C,H,,0q GL
GL2 Vanillic acid 4-f-D-glucoside 330.09 C,H,0, GL
GL3 2,3,4,9-Tetrahydro-1H-pyrido[3,4-b]indole-3-carboxylic acid 216.09 C,H,N,0, GL
GL4 Rutin 610.15 C,,H,,0,, GL
GL5 Kaempferol-3-O-f-rutinoside 594.16 C,H, 0, GL
GL6 Quercitrin 448.10 C, H, 0, GL
GL7 Quercetin 302.04 CH,,0, GL
GL8 Quercetin-3-0-a-D-riboside 434.08 C,H,O,, GL
GL9 Kaempferol-3-D-glucoside-7-O-rhamnoside 578.16 C,,H,,0, GL
GL10 Apigenin-7-O-f-D-glucoside 432.11 C,H,,0, GL
GL11 Chrysoeriol-7-O-f-D-glucoside 462.12 C,H,,0, GL
GL12 Bryoamaride 678.36 C,H,0, GL
GL13 25-O-Acetylbryoamaride 720.37 C H; O, GL
GL14 Cucurbitacin D 516.31 C,H,0, GL
GL15 Tianshic acid 330.24 C,H,,0q GL
GL16 Cucurbitacin B 558.32 C,,H,04 GL
GL17 Isocucurbitacin B 558.32 C,,H,0, GL
GL18 Pentadecanoic acid 242.22 CH,,0, GL
GL19 Punicic acid 278.22 CH,0, GL
GL20 Apigenin 270.24 C;H,,0q GL
GL21 Chrysoeriol 300.26 C,H,,0, GL
GL22 Kaempferol 286.24 C;H,,04 GL
GL23 Mandenol 308.56 C,H. O GL
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Continued

ID Compound Molecular weight Formular  Source
GL24 Diosmetin 300.28 C,H,,0, GL
GL25 Spinasterol 412.77 C,,H,0 GL
GL26 Hydroxygenkwanin 300.26 C,H,,0, GL
GL27 Schottenol 414.79 C,,H, O GL
GL28 10a-Cucurbita-5,24-diene-34-ol 426.80 C,,H,,0 GL
GL29 7-Oxo-dihydrokaro-unidiol 456.78 C,,H,0, GL
GL30 Karounidiol 3-O-benzoate 544.89 C,,H,,0, GL
GL31 Linolenic acid ethyl ester 306.54 C,H,,0, GL
GL32 Vitamin-e 490.69 C,H,N,O.S GL
GL33 5-Dehydrokarounidiol 438.76 C,,H,0, GL
XB1 DiAllS2 146.02 CH,S, XB
XB2 (18,35)-2,3,4,9-Tetrahydro-1-methyl-1H-pyrido[3,4-b] indole-3-carboxylic acid 230.11 C,H,N,0, XB
XB3 Chinenoside V 916.47 C,H,,0, XB
XB4  26-[(f-D-Glucopyranosyl)oxy]-24,22-dihydroxy-5p-furostan-25(27)-en-3-yl-O-f-D-glucopyrano- ~ 934.48 C,H,,0,, XB

syl-(1—2)-f-D-galactopyranoside

XBS5 Macrostemonoside J 936.49 C,H,,0,, XB
XB6 Macrostemonoside I 932.46 C,H,,0,, XB
XB7 Macrostemonoside G 934.48 C H,0,, XB
XB8 Macrostemonoside P 936.49 C,H,O,, XB
XB9 25R-Macrostemonoside P 936.49 C,H,0,, XB
XB10 Macrostemonoside O 918.48 C,H,0, XB
XBI11 Timosaponin BII 920.50 C,H,N,0, XB
XB12 25R-Timosaponin BII 920.50 C,HNO, XB
XB13 Macrostemonoside F 902.49 C,H,,0 XB
XB14 Timosaponin C 902.49 CH, 0, XB
XB15 Macrostemonoside S 754. 41 C,H,0, XB
XB16 Timosaponin A III 740.44 C,,H,O,, XB
XB17 Macrostemonoside A 1 064.54 C,H,,0,, XB
XB18 Macrostemonoside D 1106.55 C,,H,0,, XB
XB19 Sitogluside 576.44 C,H, O, XB
XB20 Macrostemonoside B 1245.35 C,,H,0,, XB
XB21 25S8-Macrostemonoside B 1245.35 C,,H,0,, XB
XB22 Sitosteryl acetate 456.83 C,H,,0, XB
XB23 Hesperetin 302.30 C,H,,0, XB
XB24 Beta-sitosterol 414.79 C,,H,,0 XB
XB25 Naringenin 272.27 C;H,,0q XB
XB26 Macrostemonoside e_qt 416.71 C,,H,,0, XB
XB27 Prostaglandin A1 336.52 C2H,,0, XB
XB28 Prostaglandin B1 336.52 C,H,,0, XB
XB29 n-Coumaroyltyramine 283.35 C,H,,NO, XB
XB30 (2)-3-(4-Hydroxy-3-methoxy-phenyl)-N-[2-(4-hydroxyphenyl)ethyl]acrylamide 313.38 CH/,NO, XB
XB31 Coumaroyltyramine 283.35 C,H, ,NO, XB
GX1 Adenosine 267.10 CH.,ON, GL/XB
GX2 Guanosine 283.09 C,HN,O GL/XB
GX3 L-Phenylalanine 165.08 C,H, NO, GL/XB
GX4 DL-Tryptophan 204.09 C,H,N,0, GL/XB
GXS5 Linolenic acid 278.22 C H,O GL/XB
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Figure 1 Protein-protein interaction (PPI) network of potential targets for GX treatment of phlegm and blood stasis
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Figure 2 Enrich KEGG pathways analysis of potential targets for GX for treatment of phlegm and blood stasis syndrome
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#1725 D (cucurbitacin D, 9). )V fRR (linolenic acid, 9)-
1 25 (kaempferol, 8)« A 7 2 (naringenin, 8). #ffl }7 &
(quercetin, 6) 55 7 FEAEBUR, 5 2 AN SUEHE, o]
AEAE GX MIAZ O oy o P AR B0 R I 0 4 1ML
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ity 1 (Aktl, 23), 22 2 J5035 {0 8 (1 0 1| (MAPK, 22)
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(PI3K/Akt signaling pathway, 17). HIF-1 {5 5 1# #%
(HIF-1 signaling pathway, 12). rapl {5 5 i # (rapl
signaling pathway, 10). Ifil.Z M5 (platelet activation, 9)
¥ AR {5 = @ B (sphingolipid signaling pathway, 9) %5
5 DFMEEETELER

¥ PPT M 2% Hh HE 44 FEHT BUHE 55, 7090 5 GX A% 0 ik
IFREAT 5> TR ER IR, 45 R WK 2. AR B4 O
I 9 993 AR o, B R R e OIS, 43l 3 B T R ¢
i 2R ML T AR AR 3 N T MR R L, 2 50T
XPHE. Gy F TR G RE N, RIS S R . 45
REIR, FF 3 G R DO RRER « 22y Al 2 2% At
% 5 Aktl \TNF.IL6. VEGFA 1 Tp53 #8825 [ () °F- )
g B M RE 48 KR 3/ F = 1.2 keal'mol s DL B &5 K
B, GX A% /0 53 e S0 I b 5 998 98 . 485 O I 67 95 5 AH
RHE SO, W AE ARSI
6 THRESEIE K Western blotEIIE XS EATRIEL
6.1 GXKERMELLIEARPEIERER =HK
RTR VKK B TS SRS FIRER, B ArIR
HEERREM . 57 4, BALH K RE R H.45
UEEAR 43 S 35 Th i, AR TSR A R R TR
PR R BRI L KA AN B /N 3 S5 958 8 L
SRR RFAETE R, 5 A ML, GX &P R
T2 25 0] 2 B AR OR B R AE R A ) (3R 3), GX %
FE A P 2R BUORS PR S R, S8 & JOKE
£ BT, TORERE PR RS A, BRBOLSE, K
B 5 R W] GX ik 2 o R L 45 K BRI TP R IR

Table 2 Molecular docking result of chemical ingredients of GX;

n_n

indicates that the molecular docking is not successful

Estimated
Compound name Gene target PDB ID G/keal-mol”
Apigenin Aktl 7NHS5 -8.8
TNF 6Q01 —-6.1
1IL6 4CNI -4.5
VEGFA 3QTK -6.1
Tp53 4CZ7 -7.5
Cucurbitacin D Aktl TNHS -10.8
TNF 6Q01 -6.1
1L6 4CNI -5.1
VEGFA 3QTK -7.2
Tp53 4CZ7 -
Linolenic acid Aktl 7NHS =5.7
TNF 6Q01 -3.6
L6 4CNI -2.8
VEGFA 3QTK —4.2
Tp53 4CZ7 -5.7
Kaempferol Aktl 7NHS5 -8.7
TNF 6Q01 -5.9
IL6 4CNI -4.4
VEGFA 3QTK -5.8
Tp53 4CZ7 -6.7
Quercetin Aktl TNHS -9.3
TNF 6Q01 -6.4
1L6 4CNI -4.4
VEGFA 3QTK -6
Tp53 4CZ7 -7.5
Naringenin Aktl 7NHS5 -8.7
TNF 6Q01 -6.1
1L6 4CNI —4.5
VEGFA 3QTK -6.3
Tp53 4CZ7 -7.4
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Figure 3 Network of drug ingredients-targets-pathways
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Table 3 TCM syndrome score of phlegm and blood stasis syndrome rats. GX-L: 2 g-kg'-d"; GX-M: 4 g-kg'-d'; GX-H: 8 gkg'-d";
Danlou tablet: 0.4 g-kg'-d". n=6,x=s. "P<0.01 vs control group; "P < 0.05, P < 0.01 vs model group

Group Mental state and weight Dietary quantity Hair state Feces state Tongue coating Skin state Total score
Control 0 0 0 0 0 0 0
Model 2.60+0.28" 226+0.41" 1.65+0.21" 1.88 +0.58" 2.40+0.36" 245+0.31" 13.24+1.78"
GX-L 1.87 £ 0.30" 1.64 £ 0.36" 1.17 £ 021" 1.20 £ 0.35" 1.70 £ 0.22" 1.70 £ 0.26™ 9.28 £1.417
GX-M 1.77 £0.65" 1.35+£0.25" 0.72 £0.13" 1.15£0.29" 1.55+0.36™ 1.53 £0.34" 8.06 + 1.62"
GX-H 1.05 + 0.39* 1.01 +0.39* 0.65+0.18" 1.25+£0.19* 1.77 +0.33% 1.42 +0.26" 6.74 + 1.24"
Danlou tablet  1.18 £ 0.40" 1.02 + 0.30" 0.62 +0.22" 1.07 £ 0.27" 1.30 = 0.35" 1.35 +0.26" 5.19 + 0.89"
A 60 B 10 Moderate-shear

Low-shear
=

@ @
< <
-9 I=-<8
£ E
2 26
=2 iz
Q Q
2 24
- -
2 2
2 s?
= @
0
C D ¢
310
® E
£ g8
£ 5
2 Pe
2 2
o B0
Q o0
2 T g
> 2
< >
Q
s g2
= =
S
5o

Figure 4 Effects of GX on hemorheology in phlegm and blood
stasis syndrome rats. A: Low-shear blood viscosity; B: Moderate-
shear blood viscosity; C: High-shear whole blood viscosity; D:
Erythrocyte aggregation index. n = 6, x £ s. ~P < 0.01 vs control
group; “P < 0.05, P < 0.01 vs model group
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Figure 5 Effects of GX on the secretion of total cholesterol (TC,
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A), triglycerides (TG, B), high-density lipoprotein cholesterol
(HDL-C, C) and low-density lipoprotein cholesterol (LDL-C, D)
levels in serum. n=6,x £ s. P < 0.01 vs control group; “P < 0.01

vs model group
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Figure 6 Effects of GX on aorta histological changes of phlegm and blood stasis syndrome rats (hematoxylin-eosin staining, HE 400x). A:

Representative images of the aorta stained with HE; B: Medial thickness of the aorta. n = 3, x + s. "P < 0.01 vs control group; P <0.05,

#P <0.01 vs model group
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PR RK, ET-1 K B3 T SEAAAH L, GX %
P2 K25 A 41K BRI 5 NO Al eNOS /KP4 8 3
ThiE, ET-1 KF 1) 8 25 B, B 27 EMKENE (R 4).

Table 4
oxide synthase (eNOS) and endothelin-1 (ET-1) levels in six

Comparison of nictric oxide (NO). endothelin nictric

groups of rats. n =6, x £ 5. P < 0.01 vs control group; P < 0.05,

*P <0.01 vs model group

Group ET-1/pg-mL" NO/umol-L"  eNOS/pg-mL"
Control 18.86 + 1.91 16.57 +2.85 15.74 + 1.31
Model 34.11+2.39™ 2.66+0.83" 8.49+0.63"
GX-L 29.85 +2.44" 6.36+0.80°  10.13+0.51"
GX-M 26.29 + 1.00™ 8.15+1.60"  11.69 +0.45"
GX-H 2427+ 1.47% 11.89 +£2.05"  13.46+1.28"
Danlou tablet  22.85+1.04%  13.15+1.86%  14.47 +0.90*
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Figure 7 Effects of GX on intercellular cell adhesion molecule-1 (ICAM-1) in tissue of aorta in phlegm and blood stasis syndrome rats

(immunohistochemistry, IHC 400x). A: Representative images of the aorta stained with IHC; B: Quantitative densitometric analyses of

ICAM-1.n=3,x+s. P <0.01 vs control group; P < 0.01 vs model group
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Figure 8 Effects of GX on vascular cell adhesion molecule-1 (VCAM-1) in tissue of aorta in phlegm and blood stasis syndrome rats (IHC

400x). A: Representative images of the aorta stained with IHC; B: Quantitative densitometric analyses of VCAM-1. n=3,x 5. "P < 0.01

vs control group; “P < 0.05, P < 0.01 vs model group
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Figure 9 Effects of GX on protein expressions of PI3K/Akt in the phlegm and blood stasis syndrome rats. A: Western blot; B: Quantitative

densitometric analyses. n=3,x*s. P <0.01 vs control group; “P < 0.05, “P < 0.01 vs model group
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