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Discussion on Mechanism of Compound Danshen Formulae for Coronary
Heart Disease with Multi-target Based on Molecular Docking
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(Shaanxi University of Chinese Medicine, Xianyang 712046, China)

[ Abstract | Objective: To clarify material basis and mechanism of compound Danshen formulae, and
provide a reference for clinical application of this compound. Method: Traditional Chinese medicine
pharmacological database ( TCMSP) was adopted, 101 candidate compounds from compound Danshen formulae
were screened, a molecular docking program of AutoDock Vina was employed to investigate the interactions of these
101 candidate compounds with eight coronary heart disease targets, namely angiotensin-] converting enzyme
(ACE), hydroxymethylglutaryl coenzyme A receptor (HMGR) , human heat shock protein 90 kinase ( HSP90) ,
peroxisome proliferator activated receptor-y (PPAR-y), thrombin, vascular endothelial growth factor receptor- Il
(VEGFR2), androgen receptor ( AR) and cyclooxygenase-2 (COX-2). Result; Danshen-spiroketallactone can
interact with six targets, seventeen compounds can interact with two or more targets, and the other five compounds
may be potent for at least one of these eight targets. Conclusion: In this study, a preliminary explanation of
compound Danshen formulae, Salviae Miltiorrhizae Radix et Rhizoma is a “ monarch” medicine, Notoginseng

Radix et Rhizoma and Borneolum Syntheticum are used as “ minister” medicine and “ assistant” medicine,
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respectively. It gives us a better understanding of the mechanism of this compound.
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thrombin ; angiotensin- [ converting enzyme
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2R (Arg) FZ R (Lys ) M85 AY 5L 1L (pH 7.0) ,
A BE(Glu) F1 R & AR (Asp) B9 E it 7 1k (pH
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4R pdb #8230, #% )5 % A MGL Tools-1. 5.6 &
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%1 AutoDock Vina 1 8 MM MUSE RERMIITH
Table 1 Optimization parameters and corresponding calculation of 8 targets in AutoDock Vina
5o \ AR kT < 1) b Sl 5 R 2) 4k A 83)
o e e e S
ACE 1UZE 23 x23 x23 40. 457 ,35. 548 ,47. 145 0. 108 20 -10.0
HMGR 1HW8 23 x23 x23 19.525, -22.402,15. 442 0. 130 20 -8.4
HSP90 1UYH 23 x23 x23 2.285,11.584,25.501 0.122 20 -10.1
PPAR-y 2HFP 23 x23 x23 22.492, -10.613,2.97 0.117 20 -11.2
thrombin 1YPJ 23 x23 x23 17.029, —11.595,21. 319 0. 033 20 -8.8
VEGFR2 20H4 23 x30 x 19 3.173,33.766,17. 129 0.102 20 -8.6
AR 1GS4 23 x23 x23 -0.247,30.921,4. 492 0. 085 4 -9.9
COX-2 1CX2 23 x23 x23 23.947,21.582,15. 436 0. 095 7 -9.5
T R ER Y O 30 Yk, 30 Yo HE PR /N 9 RMSD, Y RMSD <0. 2 nm X 3K 50, Y A5 300 82 (RMSD < 0. 2 nm S FI{E) Th 45 & RERY
¥IfH
1.3 AP ENSEME OMNEAREKESY % Irwin J% Shoichet ¥ @1 4 FF & 11 5 GiF 7Y % 95 22

PR I AR 23 - B2 B K 5 @38 4T AutoDock Vina,
15 0 5 32 R 5 R A BB o 9 3 3 s A9 Tk P
(R ESE) QR IEXE R WK S F5
JE A4 43 7 149 35 J7 AR D 25 (RMSD) 119 K /I ) 18 X6f
B ENAEMY ., —BIAH RMSD<0.2 nm
ST B B R R R 5 BRI R R W A
fi " DL B AT 30 YOut 4 3 5, GE 3t IE
Xt B RAR B E SR R L, TR R
T 5 D R 1 45 G B, 1 O B8 v 0% 2 A R0k 2
IRIE =

L4 @FHENHNTFMWHLE & LKW T (enrichment
factor, EF) J& % 22 43 - Xt #: #& 79 18 o 19 8 22 3%
P20 R Sy T R AR Y B AR R AL e S . R
FH TR A5 30 TE R VR T 35 [ R 4 JE 0K 2 25 W k2

DUD ( http ://dud. docking. org/) , X s FE AL T
SR AT P B 9175 18 LAHS B I 40 X B2 R E 1
ALEEPEY . A DUD B8 b R 4 8 AN A R Y 5L
P e bR 1A s M O TR A 2 36 A R A
HAHRLA B F o

EF =(A,,*Nu)/ (N Auu)

PN, o8 T BH N, R 53 85 R R 44 i
n% M5 F B AL DLt i B R 5% ,10% ,20% ) ,
A M Ny TR T AEA A N, PGPS T
N USSR B R O 7O R O A5 R HE 44 T
5% ,10% ,20% )1 B0 , EF UK S BE AL 2 O /Y
6.13 ~14.20,4.26 ~7.39,2.78 ~4.32 {5, lL % 2,
HATHR 0 5 RG> TRIRE J1 . UMW) AutoDock
Vina X} #2272 P 44K |l F FASSE G .

*2 E£EFHITHE
Table 2 Calculation of enrichment factors
&E‘é’; [Vvlut..\l Aluhl| NS% sub AS‘/r sub EFS% ZVIO% sub A 10% sub EF]O”/r NZO”/r sub AZO% sub EFZO%
ACE 1776 49 89 15 6.13 178 22 4.49 355 36 3. 69
HMGR 1276 35 64 12 6. 82 128 15 4.26 255 20 2.85
HSP90 884 24 44 9 7.44 38 17 7.03 177 19 3.90
PPAR-y 2 987 81 149 27 6.59 299 36 4.38 597 71 4.32
thrombin 2 357 65 118 24 7.40 236 30 4.62 471 36 2.78
VEGFR2 2751 74 136 24 6.42 272 38 5.08 543 49 3.28
AR 2702 74 135 31 8.35 270 43 5.79 540 56 3.77
COX-2 1281 35 64 25 14.20 128 26 7.39 256 29 4.12
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Table 3 Potential active compounds determined by AutoDock Vina

A BT S Y 5

ACE MOL007130,MOL007482 ,MOL007484 ,MOL007488 ,MOL007494

HMGR MOL007069 ,MOL007074 ,MOL007079 ,MOL007154 ,MOL0O07157 ,MOL007487 ,MOL007489

HSP90 MOL007058 ,MOL007068 , MOL007094 ,MOL007157 ,MOL0O07105 , MOL0O07079

PPAR-y MOL007074 ,MOL007082 ,MOL007094 ,MOL0O07105,MOL007154 ,MOL0O07155 ,MOL007157

thrombin MOL007082,MOL007094 ,MOL0O07105 ,MOL007154 ,MOL007481 ,MOL007482 ,MOL007484 ,MOL007487
VEGFR2 MOL007094 ,MOL0O07108 ,MOL007482 ,MOL007484 ,MOL007488 ,MOL007494

AR MOL007058 ,MOL007068 ,MOL007094 ,MOLO07157

COX-2 MOL007069 ,MOL007079 ,MOL007094 ,MOL0O07150 ,MOL007154 ,MOLO07155

1.6 VKAMFWRS S P-FEE AWM FXFH: P-
WEEE [ (P-gp) /& —Fh ATP 41 1 15 5 1) 245 W) % i
L TE N B A0 2 THT A A A PR A Sk ) B A A
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i P 47 i A 6 PN 24 40 v T AL, Xt 2 9 L L
Aii HE I R AR I ) 5 i, BlAR 24 4 e AR P A I
JE TS R 25 ) ) 25 3 s v Y . ok R MR A R 7
FS AT Y, B BB TR AEA (A
b2 15 F] RE 5 ARG 12 B 1 P-gp S5 A, T P-
gp XTI SN HEVE FE AT 4E 4511 2 5 = L 1 oy
M v BE AR 22 . DN TCMSP B 408 v K & H
M2 ——K F 193] 18 AN A W (OB >30% ok i &
538 > 80% ) , PDB B4 2 T 2 P-gp %5 44 ST (1D
Hh4Q9)) o MK HEAT VK Y 18 NG W 5 A P-
gp X231, Grid box 3 il i% %€ 23 nm x 23 nm x
23 nm, 0 A A5 R (74,005, —0.745, - 30.117),
HASHCH BN XS R P kIS P-gp 3 %
FAS T LLES & 1AL &9, 50 5 R L Pymol-v0. 99 %k
1 MOE2008 4K 41 8 7 2 11 5 - B Ak 52 5 ) — 4
SERG AR AR 1A

2 H#R

2.1 B PS5 E B 5 8 SR AR Y 2 b
BLF TCMSP ¥4 2 0 & 1 &2 )7 PF2 07 1 101 4~ i
WAEY , RS FRHER IR S NMMeE Y S5
SUMZE A RE . DASE S5 R0 A ) Xt B 25 45 BB AE Ry 159
B, W3R 1, R o b iy 21 s G
SRS E AR, Wk 4, HhE P&

) P+ 2 B g g R R L F 6 NS 16 MME AW
REEAER T 2 AL LB AL, b ie A 5 DMe e
REREVEH T 8 MRS Hrp 1T AN, Ik, B 7
FF2 07 0T fig 38 o 98 RS BE SR, A R E R
D7 EL Lk 4 it A0 i A R A N I AE PN B A i G S
PEAE T, FE A RAE T T 2 o 2 0 R
A TR MR YT e e T R

2.2 UKRALFER S P-gp MMERI AT L TCMSP
AR vk 18 ik 54 OB, L3k 5, HE4 i
3P G (L-vK R, vk R, D-vk /) 3 > 80%
HEA 15 Mk G910 OB ¥ =34% . 4y F X407
B 18 MLk &S P-gp MG RE, 4R LK
A B T P-gp B9 S P 1 1 DX EL A B 5 1 SR A
J1o SNHERGE B P-gp /N T BCAR &5 G L A
T2 AR A FEAL , B P 5 T8 B 1) 5% 7K M 48 4%
H AR Y Loo 281 L A AT HE N, K H Y
A2 B3 N A0 M B, 38 PN R TR 1) R 1) 2
AT IR FEAS MR 2 R AR B I/ ] Bl 2 6
P, oK R Ak 2 B A HEBR 40 i, 1 &2 5 2 07 i
S5 =L eE s TR AR g . S KR &
B 5 P-gp MIXTHZRCR L, WLIE 1, 25 R BBk A
TPl 5 P-gp 119 5% 3 Lys96, 22 % % ( Ser) 92 % 4=
A TAEH , 5 P-gp 5R 5L Ser85 , RN & R ( Phe)
100, 25 %1% ( Leu ) 964 , 7 % 2 ( Thr) 966 , Thi961 , &
Pk (Asn) 737, PheT8 KA B KA BAE H , 136 B K
Jr A B A BN T A HE B s B ) P-gp (9 3E PR AL
R ATRES I R BEARHI S M AE
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R4 EFASFTHRUERSN 8 MEEAMERER

Table 4 Effect of chemical constituents in compound Danshen formulae on 8 targets

R4 K

ACE HMGR HSP90 PPAR-y thrombin ~ VEGFR2 AR COX-2

TR 5 4 F W b2 53 4 B

MOL007058 % BESS - - + - - - + -
MOLO007068 1% JI3mEB - - + - - - + _
MOL007069 F1&  JEBEEC - + - . - - - +
MOL007074 Ft%  FHE® B - + - n - - - _
MOL007079 F1&  FEaE - + - - - - - +
MOL007082 1% JIEFEA + - - + ¥ _ _ _
MOLO007094 % FSRIENER - - + + + + + +
MOL007105 1% KPS RBNER - - + + + - - -
MOL007108 % REAS - - - - - + - _
MOL007130 FI%  ESER + - - - - - - _
MOL007150 1% quinone" - - - - - - - n
MOL007154 & S, - + - + + - - "
MOLO07155 F+= dione® - - - + - - - +
MOL007157 & = - + + + - - + -
MOLO007481 =t AZRHRS - - - - + - - _
MOL007482 =+t  dihydroxy” + - - . + + _ -
MOL007484 =t il + - - _ n + _ _
MO1007487 =+t =t82H R, - n - - + _ _ _
MOL007488 =f SRR, + - - _ _ + - _
MOL007489 =t Z=LBHEFR, - + - - _ _ _ _
MOL007494 =t bR + - - - - + - _

" 4 Bk k(68 )-6-hydroxy-1-methyl-6-methylol-8, 9-dihydro-7H-naphtho [ 8, 7-g ] benzofuran-10, 11-quinone;* 4 F& K ( 6S)-6-
(hydroxymethyl) -1 ,6-dimethyl-8 ,9-dihydro-7 H-naphtho[ 8 ,7-g ] benzofuran-10 ,11-dione ;*) 4> # (2S,3R ,4R,5R,6S)-2-[ [ (2R,3R,45,5S5,6R ) -2-
[[(3S,5R,6S,8R,9R,10R,12R,13R,14R,17S) -3 ,12-dihydroxy-17-[ (1S)-1-hydroxy-1,5-dimethylhex-4-enyl ] 4,4 ,8,10, 14-pentamethyl-2,3,5,6,
7,9,11,12,13 15,16 ,17-dodecahydro-1 H-cyclopenta[ a ] phenanthren-6-yl ] oxy ] -4 ,5-dihydroxy;*’ 2% % (2R ,3R,4S,55 ,6R) 2-[ [ (3S5,5R,6S,8R,
9R,10R,12R,13R,14R,17S) -3 ,12-dihydroxy-17-[ (2S) -2-hydroxy-6-methylhept-5-en-2-yl | 4,4 ,8 ,10, 14-pentamethyl-2,3,5,6,7,9,11,12,13,15,
16 ,17-dodecahydro-1H-cyclopenta[ a ] phenanthren-6-yl ] oxy ] -6-( hydroxymethyl) oxane-3 ,4 ,5-triol ,

x5 KRFUERSEP-gp WERESRREAREYH AEHTNE

Table 5 Theoretical binding energy of chemical ingredients in Borneolum Syntheticum to P-glycoprotein and predictive values of their oral

bioavailability
OB 4G Re OB ik OB 4R
I VAN I
& /% /kJ-mol - &Y /% /kJ-mol ~! fea /% /kJ-mol ™!
VKR 7 T T 41.71 -9.9 N 41.38 -8.7 LR 59.30 -7.5
VaR R A ] 35.94 -7.4 A iR 38.01 -7.3 AL BE TR TR 57.47 -6.2
(18)-( +) 3-8 45.20 -6.1 - B 46.30 -6.1 Bl B 47.97 -5.9
D-J7 B 38.29 -5.9 L-7k i 88.03 -5.8 B-HATHE 44.77 -5.8
B-Fi il 47.43 -5.7 D-vk A 81.80 -5.7 1,8-Fient 2 39.73 -5.7
D- W 34.98 -5.6 Sk 86. 98 -5.6 M 39. 84 -5.5
3 itig B 66.7% 2 EFEN . CA BRI PHER R

TR AAR 21 RS EEXRA BAIESE ] ZE I, PSR A RS REE N
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Fig.1 Docking mode (left) and interaction diagram ( right) of dipterocarpol to P-glycoprotein
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