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In silico study of anti-tumor activity of flavonoids in Salvia miltiorrhiza
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Abstract: Objective To screen the anti-tumor activity of flavonoids in Salvia miltiorrhiza with computer-aided drug design. Meth-
ods The Surflex-dock module of SYBYL was used for molecular docking from December 2021 to March 2022, the total score function
was used to judge the binding ability of ligand molecules and screen active compounds; according to Lipinski’s five rules, Filter by
Lipinski module was used to conduct pre-screening and evaluation of drug-like properties and the Discovery Studio software was used
to analyze the ADMET (absorption, distribution, metabolism, excretion, toxicity); In vitro bioactivity validation of hest compound was
performed by Biacore assay and we predicted the binding mode between dihydrotanshinone I and ARL2 protein by utilizing molecular
docking.Results  The binding function scores of dihydrotanshinone I, neocryptotanshinone and tanshinone VI with tumor target pro-
teins were higher than 7, and showed reasonable drug properties, which refered to high binding ability and good activity, among which
dihydrotanshinone I was the best. Molecular docking showed that multiple structures in dihydrotanshinone I could hydrogen bond
with amino acid residues (ARG61) of ARL2.Conclusion The dihydrotanshinone I in Salvia miltiorrhiza shows strong drug-like prop-
erties and has good interaction with ARL2.
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1 #REFE

1.1 FBSEIR 2y RGBS o ArF
5 (TCMSP, Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform, % ik
http : //temspw.com/temsp. php) Fl TCM@TATW AN ( [%]
ik < http : /ftem.emu.edu.tw/ ) BRI s G WL T8
1% V£ 248 % (PubChem , [ 4ik : https : /pubchem.nebi.
nlm. nih. gov) s 45 5 8048 7% (PDB, Protein Date
Bank, % Jil: : https ://'wwwl1.resb. org) ; Sybyl-X 2.1 %k
1 Molegro Virtual Docker (MVD) #& {F 5 Discovery
Studio 2019 Client 514,

12 Fik

121 Ay FEARES  fE TCMSP Ml TCM@TAL-
WAN Eidls P 4 2 OC R PH2 " SRS S i 2
53, )\ PubChem 045 2 #0AH 1 sdf 4% 20 1 6 A
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IERILEL.

R1 FISEEZERHERI A T15 B

P s P 22 SCHk
1 1,2-— 4S50 1,2-DT-Quinone [17]
2 A FHZ 1T A Dehydrotanshinone I A [18]
3 W H PSR Methylenetanshinquinone [19]
4 BIBFRA Przewaquinone A [18]
5 EPSEB Przewaquinone B [18]
6 LT REAT TR Saprothoquinone [19]
7 i B i Aethiopinone [20]
8 LR AR Salvilenone [20]
9 SR Cryptotanshinone [21]
10 ZASRIISE 1 Dihydroisotanshinone I [21]
11 AT 1 Dihydrotanshinone | [18]
12 SRS Isocryptotanshi-none [21]
13 P Isotanshinone II [18]
14 FFE 1 Isotanshinone [ [19]
15 RS HSE Neocryptotanshinone 1l [21]
16 BTS2 Neocryptotanshinone [21]
17 FFEE A Tanshinone [I A [18]
18 FISE VI Tanshinone VI [21]
[

19 FHEZ:0 1 18]

Tanshinone [

122 ZhFOMRALE WA CHR[15,22-24],
TEFE T 20 ARG A8 s 2 R A 32 14, A PDB
Bt e T BRI AR 1454, B pdb S5 R O A7, EE
R W2, M H Sybyl-X 2.1 L gLs Application FEEHerp

Docking suite X ¥ 25 [ #EAT 20K, &5 11 451
DUACAE PR AR 50 A5 B AR AR B0 4 2 Js Ao

R2 SPABEWIS TR EREARE

75 2R 45 PDB %%
1 WA -2 COX-2 10Q5
2 TR AR T2 AR EGFR 1M17
3 M N AR A2 4 VEGFR SEW3
4 HH B Akt 20ZW
5 i 2 R AR 3 S P A 11 D TTK 5N93
6 Jibyg SRBE R F--oc TNF-a 6M95
7 R CK2 CK2 3KXM
8 TN T AL 3-8k it PI3K 6AUD
9 A S R A PTK 3EYG
10 22 250 AR O MAPK 2Y]C
11 /N IR A R R -2 PDGFR 5GRN
12 M E AL HDAC 1C3R
13 AT Bel-xl Bel-xl 1YSI
14 Polo R 1 PLK-1 20WB
15 Polo R 2 PLK-2 415M
16 LG 2 SIRT2 5YQM
17 JE i AR R T 1 324K IGFIR 3NW6
18 ADP-IZHESEAL H T 2 ARL2 5MIL2
19 G AR 06 32 (A T it 5 GRKS 4TNB
20 Ji) BB PR A i 4 CDK4 1GIH
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XA E YIRS J3A1 A R AEE A T P
1.2.6 xtEHH 5 EBELE  KH Discovery Stu-
dio 2019 Client # {4 #* Receptor-Ligand Interactions
BE KT Total Score>7""" 1 43 X Hz 19 45 B b 17 53
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HVET G 4(CDK4) , PE2E A 5 2 24506 b8 ﬂ;ﬂﬁﬂ

WEE (MAPK) , PFEEI VI S5 /M IR AE K 7324k 17 pa 0458 2 & £ L4 R

(PDGFR) ) Total Score>7, Uit 125 A VE 4 . J+ s W e - -

Z P IS/ N o EEAR S A RS R, B R
BASEOLILE 3,

AT T 84 AT B4 A a1 ik &
YR ZZbE, R4, B . S S 1 5 HS
1 CEr B Ft S P A FESE VIR &
FHA ALV R« LogP<5, MV<500 g/mol , &5 52 1R %1
<10, EH HEIARL<5 FI PSA<140A .

F4 KRR A PIEAT Lipinski TR TR0

Iig o SrfiE AEME SEZ WoKaE MR

= - (<500) #(<5) 1K(<10) ZHE(<5) F(<140)
P

6 {*Ef 296.403 0 2 5.701 34.14
SRR

7 BREEH  296.403 0 2 5.755 34.14

8 RUEM 292372 0 2 4.444 26.30
e
&St

11 B 1 278302 0 3 3.184 43.37
P2

13 ’*3’3‘/ 204344 0 3 4.660 47.28
il 1T
BTt

16 Ped 314376 2 4 3.177 74.60
S

17 ﬂﬁ/fﬂ 204344 0 3 4.660 47.28
{/3 =

18 ﬂﬁmﬁ] 296.317 2 4 2.601 74.59
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14 e IO 1 s , 5 B EAT B e St LA 1
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R3PS HE9 N EEZE N TACE Y 2048 AR R 1B XHESE

e =) COX-2 EGFR VE‘GFR A}(t TTK TNF-a CK2 PI3K P‘TK MAPK
10Q5 IM17 SEW3 2UZW 5N93 6M95 3KXM 6AUD 3EYG 2YJC
1 4.4502 3.3672 3.6620 4.769 8 5.790 1 4.460 9 5.066 8 5.4018 5.0212 3.6790
2 4.098 8 3.4208 3.6172 5.200 2 5.497 6 3.3696 4.1192 3.7597 5.766 0 3.7923
3 4.206 9 3.896 4 4.0338 52505 5.946 8 4.000 2 4.638 2 4.863 4 6.1753 39326
4 4.3289 5.7622 42675 5.697 8 4.710 3 4.5622 6.793 3 59512 5.796 7 4.1343
5 4.942 1 5.6150 5.1227 5.569 6 49174 44112 5.676 0 5.5830 6.087 4 4.6139
6 5.446 3 6.1053 53104 6.462 1 5.8220 7.9650 6.999 4 6.433 8 6.572 4 6.046 0
7 5.0306 8.2709 5.8813 7.402 4 6.003 5 7.044 4 6.6518 5.8184 6.802 3 6.978 5
8 4.944 0 4.697 3 4.043 8 54031 6.0111 3.0916 4.1079 5.424 6 4.0355 54368
9 5.1232 25301 42393 4.900 9 4.101 8 37534 4.3573 5.0201 4.1859 4.1917
10 3.576 9 4.1375 4.494 2 4.654 0 4.478 8 4.087 3 4.701 4 4.642 6 47510 4.330 4
11 3.5652 4.24717 43926 4.888 6 4.9333 4.4550 4.594 6 4.654 0 5.186 9 42925
12 3.8132 5.1910 5.5181 5.407 1 4.3449 4.056 3 4.3827 5.373 8 4.162 4 43475
13 43794 3.166 2 4.853 5 52114 7.090 1 4.456 2 4.6173 3.5219 54250 43236
14 3.5394 4.047 8 3.622 8 5.3935 4.9830 4.5737 4.1412 4.394 8 52793 3.207 3
15 4.5822 4.807 5 4.0351 5.7115 5.6637 52400 5.0853 6.003 5 45160 3.7572
16 4.648 7 8.3317 42362 6.5512 54157 4.720 1 5.656 4 6.3178 5.169 9 49114
17 5.3090 33121 32765 5.2802 5.884 6 3.5925 42677 5.680 4 5.127 4 7.398 5
18 44123 6.485 4 42554 6.166 9 6.007 2 5.158 8 5.754 6 57911 6.203 3 3.9827
19 3.5413 3.1310 3.0662 5.178 0 5.0979 49246 43700 42443 5.1505 3.8677
[e3°) PDGFR HDAC Bel-xl PLK-1 PLK-2 SIRT2 IGFIR ARL2 GRKS CDK4
SGRN 1C3R 1YSI 20WB 415M S5YQM 3NW6 SML2 4TNB 1GIH
1 5.5479 3.1410 47713 5.5263 3.158 1 4.627 6 4.299 9 6.244 5 2.560 4 4.8799
2 5.787 1 4.066 2 3.906 7 44590 4.1429 5.160 3 3.368 1 6.219 2 3.4597 4.6237
3 5.2971 37956 2.8949 4.148 2 3.0516 5.0933 3.5790 5.703 5 3.106 3 4328 8
4 4.7202 4.703 5 4.247 4 6.228 9 5.5693 4.908 5 4.750 4 5.6351 3.1775 53431
5 6.4109 4.6185 43473 6.1539 5.1243 5.904 6 5.2314 6.226 0 3.5076 4.5700
6 8.26717 5.607 0 5.8751 7.066 7 6.361 2 6.727 2 6.336 8 7.375 4 4.260 8 6.494 5
7 7.900 6 6.6110 6.096 1 7.250 6 6.256 9 6.761 5 6.736 5 7.707 5 54015 6.644 1
8 2.769 9 4.6159 4.5496 6.920 7 5.0103 5.084 9 7.808 4 52732 2.850 3 6.014 7
9 3.5079 3.9952 4.1195 39572 5.083 6 4.7162 4.076 3 5.5873 3.0830 5.564 7
10 4.626 4 4.8397 3.690 6 47097 4.230 8 59166 42215 6.3252 3.1022 5.0576
11 3.9899 3.999 2 3.4330 47852 4.5923 4.9823 47123 8.140 2 2.5418 4.366 4
12 4.055 4 4.407 4 3.772 8 5.3649 5.5890 4.797 1 4.698 3 5.388 4 2.6735 5.1377
13 5.097 8 3.1977 4.022 8 3.8347 3.298 6 4.5356 4.650 4 5.074 3 2.969 0 43915
14 5.874 8 3.0710 4.707 4 4.074 4 4.1828 57117 3.6376 5.659 8 3.070 3 4.706 5
15 5.5412 39931 5.706 7 5.6775 53292 4.506 6 5.1220 5.2615 4.002 6 5.1576
16 59183 4.700 5 5.0910 6.960 8 4.5367 5.8589 5.344 8 57718 4290 5 8.2427
17 3.4612 3.990 4 4.1000 52426 3.5519 47116 43857 5.5057 2.864 7 49978
18 8.718 8 4.640 5 45931 5.9012 6.1121 5.896 3 52253 7.1650 4.076 5 6.002 5
19 4.963 3 4.1390 3.8907 4.8342 4.5547 5.528 6 3.708 9 6.243 6 2.997 4 3.6894

1 : COX-2 N AE A BF-2, EGFR 3R F 4B K H 7324, VEGFR M 145 N Bz A= K B F-32 44, Akt R B 1 B, TTK Ay i 22 19 1 5 2 IR 2 11
Y, TNF -0k iR IR BE A 7o, CK2 O 25 1 8 CK2, PI3K Ay B I 0 AL IS 3348 , PTK hy 2K 14 il 20 PR TG , MAPK Sy 22 24 Js 3G A 26 1 e
PDGFR H Ifil /MR A K B T34, HDAC 2 25 11 2 Z AL , Bel-x] S 8 723 B Bel-x1, PLK-1 24 Polo REI4 1, PLK-2 3 Polo FE 8 i 2,
SIRT2 Jy 25 ZBEALRG 2, IGF 1R M8 R EEAE K N T 1 3244, ARL2 g ADP-RAEAL [ FRE 2, GRKS S G 2K P B A7 (It 5 , CDK4 o JE 391 36 1
AR 4

AR A T PHS 0 1A AL 5 R 14 COX- A, RSP Biacore R GEAGIN , — S 2
2 AR N P 0 B e ) LA AR B, AR IS I 5 ADP-RZ A IEAL N T4 2 2 (A AT B i 25
LRI STS A 5 COX-2 [ Total Score fETH Jyo BRI Mra 4552 J177 30, K BLESHG v B ik
REEACE Y VIR AU R R R BN IR R A R S R R P  2 EER DL



- 1102 - % # B 25 Anhui Medical and Pharmaceutical Journal 2023 Jun,27(6)

1500 T
-4 .
2 N
£ 10004 —~
=
=5
E
500~
| -, W -
0.—ﬁ_5‘7——3—==~——
125 250 PN
IR

i

&
£if

b
dlifs WS iy
e

LA D

BI1 & Biacore RECH " SPSTH 1 5 ADP-BADEILIN TR 22 IR (A5 MG B2 52T 115 ADP-BHRE(IH T 2 21k
SY TR 20 0 = GBI | 5 ADP-REBIREALIA TR 2 A1 =B I 2B S UM S 1 5 ADP-ROMERE (LI T-RE 2 1R — 4

B KK BEREAE IS 4

25 L RTIA M AU A2 TR B TR 2y
Wit RO, AT N P 2 AL 5 ) — E )
ZM 1 B bb g A 32 16 T BEIS LA, ) 2 40 )
ADP-AZHEHEAL I T4 2 52 AR 19 /1N 73 400 i 550 4 0T
KT RAFI eI a Y.

5% 3k

(1] HEZRZMZE LS he NRIFE 250 —F[S]. st hE
[ 258444 Rk, 2020:77-79.

(2] B, B, Tk, 45 . PFS MR AL ) i i
T2 B A AT e o 5T LD ). b 2, 2015, 46(5) -
679-682.

[3] REKME, KT, TREE . PESIREH RS k2R )] =
AR A SRBHFARR) L 2017, 39(1): 115-119.

(4] BRaTHE, WAL, FLEfE . PFSKIE LS PO WUBO £
RIRIFFE R L) ], vh [ 25 B 2230 4t , 2015, (2) : 162-165.

[5] ®&56, ZB360T, M5, % Jr2abe i 525 EER ], B
HNEEZG (RIBIZ553 W) , 2007, 22(4): 155-160.

(6] JHAE4, sk Ha . Jh2 22195 1 h Xof il 988 450 2 /)N il 201 40
VEGF 1 MMP-9 & ik (9 5% mi [J]. v 181 25 )55, 2016, 27(25) :
3515-3517.

[7] 75, BiEH:, i, . PS5 NS4 BN AS49 40
MR ZET R B ERK 1 / 2 B FR LA SR [ )], B st R 25K
2, 2016,32(2) : 153-156.

[8] FBPCHE, XUBE, BRMIHFE, 55 . PHSERZE RS 1 A6 P P AiE 5 2
JELI . B Vs S50 ,2021,43(2) : 184-187.

(9] FREE, ZEMBH, WS, % . JE2 1A B4 S-Fuif g AFL
P I R MCF-7 PR T 52 m [ ], ZE 8 B 24 B 24k, 2012,
33(6): 653-655.

[10] ZE3, 4TFIEE. PRSE I A X B R 40 bk MKN-45 (K47 22
MELRERE Iy 52 m [J]. rh A b 2 2522 1), 2013, 31(10) :
2318-2321.

[11] faf eIt , 0AH R, BRAds . FFSm 1A 3050 JE /0 240 i
NCIH520 4 A& e[ ) ). B2, 2013, 44(5) : 347-350.

[12] 5. S AR S A7 iR 1 (1], K&
PEZ5RF54R , 2013, 29(5) : 879-880.

[13] BEEOF, F2his, MiRin, % . S 1B bR R 1

JrAT AR HILT ] AR, 2013, 28 (5): 622-623.

(14] JEARR, GEBAE, AT, 458 JET R 2% 24 B4 0 U0 1 BE VA
7 IR ME R A AL B WF 5 [T ], LR 2, 2020, 24(4)
641-645.

[15] JilyRek, %, BEE, 55 5T Survivin 8 A9 FFHER R
KW A BRI h E 2522250k 2018, 53
(17): 1438-1446.

[16] XISEHL, FiRSe, WIMEN, 5. 25T W25 B S o1 X 454k
ARIEVE S R B ALIR YT B R B AR LSBT T ()], 2R
24, 2021, 25(6) : 1088-1094.

[17] WU JS, MENG QY, SHI XH, et al. The oxygenated products of
cryptotanshinone by biotransformation with cunninghamella ele-
gans exerting anti-neuroinflammatory effects by inhibiting TLR 4-
mediated MAPK signaling pathway [J]. Bioorg Chem, 2020,
104, 104246. DOI: 10.1016/j.bioorg.2020.104246.

[18] LI P, WANG GJ, LI J, et al. Characterization of metabolites of
tanshinone Il A in rats by liquid chromatography/tandem mass
spectr()metry[ﬂ- J Mass Spectron, 2006, 41(5): 670-684.

[19] LI P, XU G, LI SP, et al. Optimizing ultraperformance liquid
chromatographic analysis of 10 diterpenoid compounds in salvia
miltiorrhiza using central composite design [J]. J Agric Food
Chem, 2008, 56(4):1164-1171.

[20] WALENCKA E, ROZALSKA S, WYSOKINSKA H, et al. Salvip-
isone and aethiopinone from Salvia sclarea hairy roots modulate
staphylococcal antibiotic resistance and express anti-biofilm activ-
ity[J]. Planta Med, 2007,73(6): 545-551.

(217 R, medl, 2R, % 908 B R o i E s
] P2 24,2012, 37(13) : 1985-1989.

[22] QI B, ZHONG L, HE J, et al. Discovery of inhibitors of aurora /
PLK targets as anticancer agents [J]. ] Med Chem, 2019, 62
(17): 7697-7707.

(23] Pesth, MLk HUAP R 25 W THE s P S itk e (7], A= dim ik
%, 2017, 37(2): 217-221.

[24] Beiits, SEucte . R0 Ripud KK MIBTTE il e[ ). 2572
1%, 2021,56(2) : 403-413.

[25] Hh4Lr, FRUE, Ber A, 55 . RPHSEIT MR AT i 48 A i
PEORFE L) ] ARG 2017, 37(3) : 30-33.

(IS H 391:2022-03-24, & [ H ] : 2022-04-13)



