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Study on angiogenesis promoting active constituents of Xinkeshu Tablets based
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Abstract: Objective To study the potential angiogenesis promoting components of Xinkeshu Tablets (:L> 7] %F Fi', XKS) based on
zebrafish model and molecular docking technology. Methods Human umbilical vein endothelial cells (HUVECs) were used as
model. The cell viability and proliferation ability of each group was detected by CCK-8 and EdU cell proliferation kit. The cell
migration ability of each group was evaluated by wound-healing assay and Transwell test. The tube formation ability of each group
was detected by tube formation assay. The angiogenesis promoting activity of XKS on HUVECs was evaluated. Zebrafish was used as
model. The model of intersegular vascular injury in zebrafish was established by using Vatalanib dihydrochloride (PTK787), and
angiogenesis promoting activity of XKS on zebrafish was evaluated according to the length of intersegular vascular in each group. A

total of 29 constituents of XKS were obtained. And seven crystal structures of epidermal growth factor receptor (EGFR), vascular
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endothelial growth factor receptor 1 (VEGFR1), protein kinase B (AKT) and VEGFR-2 were employed as molecular docking targets.
The potential active components were picked out on the basis of docking score and docking energy. The angiogenesis promoting
activity of potential active components was evaluated by zebrafish. Results The cell proliferation ability in XKS groups was
significantly increased (P < 0.001). The cell migration and tube forming ability were significantly enhanced (P < 0.05, 0.001). The
PTK787-induced intersegular vascular injury in XKS groups was significantly rescued (P < 0.01, 0.001). According to the molecular
docking results, 12 potential active components of XKS were obtained. In the zebrafish validation experiments, the PTK787-induced
intersegular vascular injury was significantly rescued in salvianolic acid A, salvianolic acid B, salvianolic acid D, puerarin, 3'-methoxy
puerarin, 3"-hydroxy puerarin, daidzin, lithospermic acid, rosmarinic acid and coumestrol groups (P < 0.05, 0.01, 0.001). Conclusion
Ten angiogenesis promoting components were screened and verified from XKS by molecular docking technology and zebrafish model.
The present study provided reference for clarifying effective substances of XKS in the treatment of cardiovascular diseases.
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Table 1 Information and classification of 29 compounds
T SRR CAS Bt PubChem ID
1 3-REBEKER 200127-80-6 pEES 10527347
2 3-HEBEERER 117047-07-1 pEES 5319485
3 I FREFRER 117060-54-5 pEES 5748205
4 KEHIC 4,7- B 53681-67-7 pEES 171292
5 KEH 552-66-9 pEES 107971
6 HIRE 3681-99-0 pEES 5281807
7 KEHIT 486-66-8 pEES 5281708
8 A S 482-36-0 pEES 5281643
9 TR 485-72-3 EEES 5280378
10 R LA 139-85-5 [es 8768
11 JRLAR 99-50-3 [es 72
12 W P 331-39-5 [es 689043
13 F5% 76822-21-4 [es 11600642
14 PR A 96574-01-5 [es 5281793
15 PR B 121521-90-2 [es 92132738
16 FHHER D 142998-47-8 [es 11683160
17 HER 28831-65-4 [es 6441498
18 HEFR 20283-92-5 [es 5281792
19 ESUR RIS 479-13-0 HEEERHR 5281707
20 KN 553-21-9 (RS 5281437
21 PR W Nl 477-43-0 (RS 73174
22 FI R 508-02-1 =5 10494
23 —tEHR 80418-24-2 i AR 441934
24 —LEH R 80418-25-3 i AR 21599925
25 ANZEH Rp 52286-74-5 =g R 21599924
26 NS Re 52286-59-6 i R 441921
27 ANZEH Rg 22427-39-0 i AR 441923
28 ANZEH Rb 41753-43-9 =R 9898279
29 AZ R R 52705-93-8 — i Ak 12855892
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HARHEIE F1 53 T (P<<0.001), A EF F (25.04
50.0 pg/mL ) ZH 2 i 34 58 fie ) i 2 3G 5% (P<<0.001).
3.1.2 OA[EF A ERE HUVECs iZ8 i 3 fiw,
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= 24h
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£ 1004
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XKS-O A& S AL P<0.05 "P<0.01 **P<0.001
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Fig. 3
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KR (BL LA S 3 N SO INE TR R D,
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7~ WE 3h ), SXTREAAHEL, VEGF AL AT &F
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0.05. 0.001). FHLATE F AT {E it HUVECs %
Jis T L RE 7 o
3.2 ETHS&ERALATEF IR MESE RUEM
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T8 RS TR L £ T (R I A, S I A R

Effect of Xinkeshu Tablets on migration of HUVECs (X £ s, n=35)

(P<<0.01+ 0.001). FR Lo AT &7 F FA (R BE L 775 (8]
1A A TS

33 OFIIEER

331 ZARGMEENRELE /£ PDB HURE T
# IR IM17. 3HNG. 30W4. 3BSR. 3WZE. 4AGS.
4ASD HEHE M) =YL, 5 Ab AR EE KT 1 1 AR AR AR
JP s ARG B 2.

332 BIURERLS RN 29 MEES T AN SR
ZEMJLL Libdock #4740 T X5 4%, LA Libscore 1
IR, W 6. XFRELE R EIR, 3-HEI
KA. KREH., REFRESHZWEAE R
meih, HITHEES: FH0 D S 4AG8 Toxf
BAh, H5HAMZAARE QWA BN E: 3-REEE
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XKS 12.5 pg'mL"! XKS 25.0 pg'mL™!

XKS-LAEFf SXTHA L "P<0.05
*P<0.05 *P<0.001 vs control group

XKS-Xinkeshu Tablets

& 4

XKS 50.0 pg'mL!

1ILATER B % HUVECS i

500
400
300
200
100

ANEARR A%

X VEGF 12.5 25.0 50.0
XKS/(ug'mL™")

"P<<0.001

ERENIZN (Xts,n=5)

Fig. 4 Effects of Xinkeshu Tablets on tubes formation of HUVECs (X £ s, n =15)

XKS-LA[ &7 f Sxf R LU

XKS-Xinkeshu Tablets

##P<20.001;
##P < 0.001 vs control group; **P < 0.01

41
£ 3
;\_Lé kadkck
kakck
#m 21 ok
?§ it
= 1
0-
R AR 125 250 500
XKS/(ug-mL™)
SRR LR TP<0.01 P<<0.001

ok

P <0.001 vs model group

5 ILAEFAXNHD & TEIMEE KA (Xts,n=10)
Fig. 5 Effect of Xinkeshu Tablets on growth of intersegmental vessels in zebrafish embryos (X £ s, n = 10)
*2 BRIERFEMOKES
Table 2 Information of active pocket of target protein
EEE2Y i PBD ID T F 48R /nm T C AR AR bR
EGFR IM17 98.000 25.721 060, 1.259 241. 52.633 992
VEGFR1 3HNG 83.000 4.301 986, 15.843 237, 34.374 188
AKT 30W4 167.999 55.024 832, 0.737 086 18.162 590
VEGFR2 3B8R 142.000 —2.637 332, 35.519 000. 67.890 929
3WZE 107.000 21.509 602, 25.079 008. 39.352 989
4AG8 138.000 24.321 439, 22.953 435, 36.629 939
4ASD 134.000 —25.073 203, —0.922 464. —9.89 9495

WHR. 3-HEIEERE. HRKS IM17. 3BSR.
3HNG. 30W4. 3WZE HRUF M6 thah, P
g B S¥LEE 1 30W4 X4 e KEH G
4'7- " ENEE 5L 3B8R X HEST i E B s
SRR D 5802 1 3HNG. 3WZE. 4ASD £ it
MIXHEME: KEH SHE A 4AGS A & s i #4A -
MRS R E N “Libscore” 77 E k2K HER

LS 5 2R G A BT 20% A, Hck
“-.CDOCKER” B A A WA T il fe 445 2
12 A~ XKS 3G EE A YD, 53 N FHI R A

FHATR By FHBR D BHR . HKEHFR. 3-HH
REMRR. 3-REERER. 3-FEEKTH. K=
. BIRE. HIEWHTEE. WIEER; B/E Libscore
73 ¥ 5-CDOCKER i #:6E W3 3.
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IM17  3BSR 3HNG 30W4 3WZE 4AG8  4ASD
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3-HEIEER R

3UREE N 100
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=LEFHR,
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BIREK
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KEHIT
FHHTR A

FHEE B L
FHHTR D
G R
B 3ury
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FEURER
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ANZ A Rb;
NS EBH Rd
NS EH Re
NS B Rg
—LEHR,
J5L S =

JRLAER

6 29 NS S 7T MEEBXRITHMERE

Fig. 6 Docking score heatmap of 29 components with seven target proteins

&3 12 MERELENS 7 MEEBZIER “Libscore” 5 “-CDOCKER”
Table 3 “Libscore” and “~-CDOCKER?” of 12 hits with seven target proteins

WEY R A Libscore -CDOCKER/(kJ-moL ")
PR A IM17 142.983 45348 7
FHBER D IM17 140.139 479019
KRR IM17 139.149 41.897 3
FHBER D 3HNG 146.190 50.160 8
3-HAEREERE 3HNG 138.955 9.133 0
HIER R 3HNG 133.614 50.160 8
I BREFIRER 3HNG 133.236 12.300 8
HIRE 3HNG 129.505 14.703 7
PR B 30W4 180.190 31.755 5
BHER 30W4 147.480 35.018 5
FHIAEE A 3B8R 149.265 49.245 8
3-HEIE KT 3BSR 141.316 15.953 5
BHER 3BSR 140.960 33.420 8
FHE L D 3WZE 144.264 39.007 4
3-HEIE KT 3WZE 136.947 5.655 6
HIER R 3WZE 129.594 485176
FHIAEE A 3WZE 128.907 4.1639
KGH 4AG8 147.453 41307
3-HEIE KT 4AGS8 144.246 0.798 7
HIEFR 4AG8 131.851 33.1870
ESUR RIS 4AG8 116.715 0.798 7
TR 4AG8 108.567 30.362 7
PR D 4ASD 138.100 22.980 2
HIEFR 4ASD 132.406 49.829 1

TRRIL R 4ASD 101.187 21.1572
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333 EEm ARG RS 0 wE 7-A
Fis, FHRER A 5 1M17 2 )i £ ZAEH 15w M
S, JufEE ). n-sigma. m-sulfur. m-alkyl A HAE
i, FHBER A 5 1IM17 A B E B F THR766.
LEU764. MET769 ¥JJERL 3 MM HIEH, 5 A B
LEU694 Al GLY695 ¥k n-sigma AHEAEH, 5
IM17 A B MET742 JEf n-sulfur AHEAEH, 5 A 5
ALA719. LYS721. LEU764 1 VAL702 1% n-
alkyl #HEAEH .

Wik 7-B fiar, FHYER A 55 3B8R 2 [a]f#) 32 5
TERJIA WA, e YO, n-sigma 1
n-alkyl #H HAEH, 5 3BSR B % & It IR ik 5t
THR916. VAL914 #JE 0 A, &5 3B8R B %
CYS919 JE% 2 ML ESE, 5 B 4 ILE91S Z [AlfF
761 AR, 5 B BE LYS868 JE K n-sigma .
EH, JFHFIEBER A 5 3BSR B $f VALS48.
ALA866. LYS868. ARG1032. LEU840. LEU1035
% m-alkyl AHHAEH

WK 8-A Fizn, FHRER D 5 3HNG Z [
HAER 216w A8 . JErE 4 /)| n-cation. m-anion.
n-alkyl I EAEA, FHRER D 5 3HNG A 2 LR 5%
JE ASP1040. ALA859. VAL9O7 L MAHE, 5
A B ASP1040 JEL 2 NMEMEARE, 5 3HNG A 4
LYS861 FJk n-cation M EAEA, 5 A % PHE1041
TR m-anion FHEAER, 5 A % LYS861. VAL909
R m-alkyl 5 EAEH

Wik 8-B fior, PR B 5 30W4 Z [Al1AH

AR I IS E R J14h, Al )), &
#F. m-anion. m-sigma. m-alkyl UK m-m MERRAE
71, MR B 5 30W4 B 4 LYS276 i, 5
B & FE R R A THR160 TR 2 N MAHE, 5 B
W FERR IR L GLU234. GLU198 & i M A
5 30W4 B % ASP292 JE 1k n-anion fEF 71, 5 B
B GLY159. PHE161 JERK n-sigma fEFH /1, 5 B ##
PHE161 JER n-n HEFUWEH, 5 B % LEU181 JE&
n-alkyl fEFH /7.

Wik 8-C o, FHBRR D 5 3WZE 2 [8] (A B
TER 1k A AE R D158, I FTGHEE T -
sigma.n-sulfur.-alkyl #H EAEH, FHHER D 5 3WZE
A BEEIERRRIE HIS1026 TG IIESE, 5 A 4%
LEU889. LEU1035 JEhk n-sigma 1EF 71, 5 A
CYS919 JEfL n-sulfur YEF /1, 5 A 5% VAL84S.
ALAS66. VAL899. VALI16 JE ik n-alkyl {EH /7.

WK 8-D fivn, KEH 5 4AG8 Z [F A B AR
HITEE IS, JufE ). n-sigma. n-n HEFIAN
n-alkyl MEAER, KEH5 4AG8 A £ Glu8ss.
VAL914. ASP1046 L% 3 N A4, 5 4AGSA
% VAL867. LYS868. CYS919 ik 3 ME s,
55 4AG8 A #E LEUS40 £ il n-sigma 1 H 77, 55 4AG8
A % PHE1047 JERK n-n HEARHERRAE R 77, 5 4AGS
A B LEU840. ALA866. CYS919. LEU1035.
VAL848. ALA866. LEU1035 1 CYS1045 JERY n-
alkyl YEF 77 .

WK 8-F fizr, FHEYR D 5 4ASD 2 [8][4H B

5

......
.........

%2
3E

Interactions
van der waals pi-sigma
conventional hydrogen bond = pi-sulfur
unfavorable donor-donor pi-alkyl

Interactions
yvan der waals = unfavorable donor-donor
= conventional hydrogen bond ¥ pi-sigma
carbon hydrogen bond pi-alkyl

7 PR A 5 1M17 (A). 3BSR (B) M5 FxiE
Fig. 7 Molecular docking of salvianolic acid A with 1IM17 (A) and 3B8R (B)
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- &h
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Interactions
= van der waals mm pi-sigma
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e - il b
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Interactions
1 van der waals [ carbon hydrogen bond
B conventional hydrogen bond =1 pi-alkyl

8 AR D 5 3HNG (A). AEER B 5 30W4 (B). AR D 5 3WZE (C). XEHS5 4AGS (D). FEHER D 5 4ASD

(E) B95Fxis
Fig. 8 Molecular docking of salvianolic acid D and 3HNG (A), salvianolic acid B and 30W4 (B), salvianolic acid D and 3WZE

(C), daidzin and 4AG8 (D), salvianolic acid D and 4ASD (E)



FED 20224FE3 8 $53% B5H  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 5

* 1429 -

VEF A WA JEEAE )R n-alkyl A EAEH,
FHIYEZ D 5 4ASD A i LYS868 JE & 1 AN Fi & it
AT ANBEEE, FHBER D 5 4ASD A B LEUSS9.
VALS99. VAL848. ALA866. VAL916. LEU1035 Al
CYS1045 JERK n-alkyl {EF /7.
34 1210NB1ES
X “3.3.27 19 EIH 12 ANEAETE I R A TR i
ARSI, BT FCAIN 12 MRV o
10 N EA M A am s 2 AN TEAE e A e i .
340 EERZRA ML m A A RGE T W 9 Bt
N, G0 IR AR H, PTK787 W] 25 0] 1 a) I 1)
AK (P<0.001). SHEBIHLLE:, HRE (25, 50,

R 7,100 pmol-L
500 um

A 1) 1fL K B /mm
5] MK /mm
(3]

PR R 25 50 100
EIE/(umol- L)

77 25 pmol-L™!
pNE] ‘H‘ 50 umol- L’

100 pmol-L'

GHE BER 25 50
3-SR 2/ (umol L)

3-HAEE NG 100 1

100 pmol/L) TR EKE PTK787 FEUMI BT 1 5
MG (P<0.05. 0.001), HEFEAMIM:;
3-HAEFEEREK (25, 504 100 pmol/L) ] & K&
PTK787 ‘3 E 1) B 1 £ 77 [H] L& 4545 (P<<0.05.
0.001); 3-FFFEWE (25. 50 umol/L) A . E K
5 PTK787 T3 MBS #4515 (P<<0.01.
0.001); KEF (25. 50. 100 umol/L) T & ZEKE
PTK787 FEU I B L 75 8] M 4745 (P<<0.05.
0.001); 3-HEEZE KNG HAEAIERTE 25, 50, 100
pmol/L & F T TG B 1 £ 15 a) ifL 8 AR s P o 45
RO, HERE PR R 3-HEIEERE, 3-
FRAETRER. KREHBA(EHE D @A g 1 .

FTIA] A1 K /mm

PR AL 25 50 100

100 25 50 100
3 A E R F/ (umol L)

1,7 100 pmol:L

4 4 4
£
£ 3 g 3 £
= = g
o = 1 E 1
P
0 0 0
X B 25 50 100 IR B 25 50 100 SR M 25 50 100
KA/ (umol-L™") 3-FE B K E A/ (umol L) TR/ (umol - L)
xR ##P<<0.001; HHEAALLLE: "P<0.05 P<0.01 P<0.001

##P <0.001 vs control group; “P < 0.05

B9 HERNIEMSD TS & T5E M EE A

Effect of flavonoids on growth of intersegular vascular in zebrafish embryos (X £ s, n=10)

Fig. 9

"P<0.01 **P<0.001 vs model group

M (X+s,n=10)
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3.4.2 RS IR A st Wi 10 Br

71, 0t IR AH b, PTK 787 W] I 25 0] 44 | 1f. 4 (1)
4K (P<0.001) . R LLEE, 25, 50 100 umol/L
PR A AT 5 E VK E PTK787 S8BT 5 £ 45 [A]
M 45145 (P<<0.05.0.01.0.001); 25+ 50+ 100 pmol/L
YR B 1S K E PTK787 S8BT 1 2 45 [1]
MmERG (P<0.001), HEFEAHM; 25, 50,
100 pmol/L 1JFHH R D v &35k & PTK787 S5
BE £ A5 18] L #5145 (P<<0.05. 0.01); 25 50 100

pmol/L [P 48 B R v] . Yk & PTK787 FEUN Bt 1 £
A MR (P<<0.001); 25, 50 100 pmol/L f¥]
PRIE AR W] B KE PTKT787 SEUKIBE D 1 75a) ifi
B (P<0.05. 0.001), EFEAHM. 45HR%
0, EYERI o PR AL FIEYER By FHEYER D
RER . DRIAEIR A (LD S e A s

3.4.3  HABSERA M A RS Wi 10 Bt
7N, SARELL L, PTK787 W] i 2 40k =% 1a] if 2 1)
AK (P<0.001); HHAIZH LEEE, 25,50+ 100 umol/L

TS D 25 -

25 pmol L
A-50-pmol-L-|

50-pmol-L-]

FHB R A-100-pmol-L ! 100 pmol-L !
500 um

4 47 4
E E skokok
£ 31 = 3 £ 5
£ o &
2 e W
o2 Eul) w2
£ = =
= = =
= o1 T

0. 0 0

XTHE- Bifl 25 50 100

SR BER 25 50 100
FHBER D/(umol-L™")

MR BER 25 50 100 25 50 100
FHEYER B/(umol-L™)

FHIYER A/(umol-L™")

fi 25 pmol-L~"!
LR 50-pmol-L!

2100 pumot- I

5 51 n
P 4-
£ E £ 5
g 3 4 % 34 % , ok ok
Hu ki o ’ sesk
4 24 2
fé . ’E E it
= = o1 = 1
0- 0 0
SR OB 25 50 100 AU BE 25 50 100 SR B 25 50 100
B LR/ (umol L) RIE A/ (wmol-L™) 371 7 FE R/ (umol L)
xR ##P<<0.001; SHHRAAK: "P<0.05 P<0.01 "P<0.001

##P <0.001 vs control group; "P<0.05 **P<0.01

10 BB R EH AR D &AM EE AT (X5, n=10)

Effects of phenolic acids and others of intersegular vascular in zebrafish embryos ( X £ s, n =10)

**P <0.001 vs model group

Fig. 10
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(V)25 3 TGl v] R 35K 52 PTK787 3 A FR B 1 £ 77
MR (P<0.01. 0.001), ZFIEAHINE. 4
R, I FERE B A R 1 A 8 A i
4 i

Wi PR AT 5 S AR 2 B2 T FEAIE S0 AT T iR oY
O IT R, ARG AT RS R L AR B S
TR AR RIE . AT 73 - HUVECs 55t 5
FERIYL R O A 7 AR M AR B E R, B0 AT
O Re SRR I A R ARG SE . TR R RE
1, SRR S B 2 45T [ U AR . DR S
WP BAR 3 g Z5UREIA) R 5 I W S 1 7 B A O
PE, B 3 A FEE SRS R TR, OAlEr AR
AraE R B ERAEH . Bk, wIyE# e O]
& v BA (R A AR s

I3 TR R FE T BN EOR AT 259 % I
1 F BB, EGFR. AKT. VEGFRI1. VEGFR2
Fe A s et R ER R A28, 5i%2K8E
PR A R4 & R /A ) 15 AR R 5 R D 10 3%
o MLAE AR RSORH G JE R 20 B R PTG R ik A4 P If
ARG AHEFER T 708 50 e RE XU 0 146 1K) 77
%, PR AR A 12 AN I A A R T R
IR EY . TEsERER, 12 MEELEYT,
A6 NEME. 5 MHIEEL 1 MEFERERI
WA S 4 P AREXS BT, FRTSHIE
%5 EGFR. VEGFRI #J/MEEACLASL, i 5 4
WEWS 4 MEASEBEITME. BRELEY
i, RRIEERR. FHRIR D 5 4 PR B3R 12 D)
HAREATHE: FHER A FHDIR B RERRS
AKT JToxU4h, 5HAD 3 i E B aex#uc B
AREGEAT 0l . ZLERE S 4 MEERRess G, K
#1155 VEGFR1. AKT. VEGFR2 H#] /- EE

BT 7 XHRER, ABHFUR A PTK787 i
MLAE R B 177 5 ST I 1 £ 15 8] i 4 A A 1Y 331,
ISP AR ST 12 AMEA YA I A
BAERSIIE, 133 10 MEEYE BA 25 S
(A LA i Ve . SCHRBIE A o, PHBIR AR5 FF
PR BUS3OTR] i@ I e 3k VEGF S5 45 A4 KR 7 1)
Kk, AU LN B BT AE . B R
o U HE BE IR ME UL RE 3-MM B/ R A EE B
( phosphatidylinositol-3-kinase/protein kinase B ,
PI3K/AKT). # X -F-«xB (nuclear factor-kB, NF-kB)
FeP R R A AR E H B (cysteinyl aspartate
specific proteinase, Caspase) 25{5 5 1H MW H I H

HUVECs HJH5E . T8 RZ@MIMETE e 1187,
FHIER D, 3R ERER 3-FEEEREK, 3
AFEREH . KRG KRR 0L L A B
PEH IS M A RIS AR, iR 9 AMba
Y¥ne WS (L DT S S A . BRAh,  HE SRR
8, AL IR I I P B A PR B R AR
[KlF-1 524k (insulin-like growth factor-1 receptor,
IGF-1R) A1 4 it 18] ¥ Bt 73 F-1 Cintercellular cell
adhesion molecule-1, ICAM-1) F3R 1A M T A2 21 i 1
EAERAIER, KO IE R T REPSS, RRILFIR
AEL AN NF-kB A7 530 B M A0 ) e /s B AR
PN JRE AL A 40T, A 72, 25 50 100 pmol/L
FITEARAE R O 5 LS AR B 1, RIS IR H
A W ME R T . 25900 UE B AL RS2 AL
HilHor e, TENEAMM. mergedni. ~FiEil
P, MNRCRIRIEA S 2 M AL Z S, [
IR EAN R R 0 R AN [ I B m]
RER T L R AR SRS TR, G 3 25 ) &
55 i AR 43 AR HE AR A A 5 4] af A R AR
FHES1, R, T2 A8 R S R A IR (0 (2 ML A8 A B
TEPEAE PR RO T

£ L PR, AHEIUE SR HUVECs ABE S f
B, RGVFO 1 ORI ET (R VS AR BGE 1, R
K TRBERR GG GRS A, LA &
AR FHR A FHBEL B FHHEL D. S HR.
RIEFIR . BRE. 3-HEEFRE. 3-REER
B HERE . KA 10 AN EA MM A Btk
SV, B AT ET IR T ek o O B 24 R )
L AERINLHIIR S5

FBEAR PAEHFAREEA G R
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