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Abstract: Objective To explore the key active component clusters in Naotaifang (fliZs/7) for anti-cerebral thrombosis based on
quantitative structure-activity relationship (QSAR) method. Methods The chemical composition information set from single TCM
in Naotaifang and antithrombotic western medicines were sorted out by using the Traditional Chinese Medicine System Pharmacology
Database and Analysis Platform (TCMSP) and relevant literatures at home and abroad, and the molecular connectivity index (MCI)
matrix of 0-8 order/8 seed map types of various chemical components was calculated. The MCI similarity between the components in
Naotaifang and antithrombotic western medicines were evaluated by the included angle cosine method, and Sybyl-X2.1 software was
used to verify the docking of the top five components with the core targets. Results The MCI similarity between the components
contained in Naotaifang and antithrombotic western medicines ranged from 0.300 6 to 0.997 8. Among them, calycosin (0.996 1),
senkyunolide M (0.997 8), beauvericin (0.996 9) and inosine (0.992 7) were the components with the highest similarity in Naotaifang,
and the total score of cerebral thrombosis-related proteins was > 5, showing strong binding ability. It was inferred that calycosin of

flavonoids in Huangqi (4stragali Radix), senkyunolide M of phthalide compounds in Chuanxiong (Chuanxiong Rhizoma), beauvericin
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of amino acid compounds in Jiangcan (Bombyx Batryticatus), and inosine of nucleoside compounds in Dilong (Pheretima) were the

main active molecular clusters of Naotaifang for antithrombotic effect. Conclusion The MCI-based similarity evaluation method

established in this paper can scientifically screen the active ingredient clusters of TCM and compound prescriptions with high

throughput, which complements the existing research methods such as network pharmacology, and also provides new ideas for the

combination of Chinese and Western medicine.

Key words: QSAR; molecular connectivity index; similarity evaluation; Naotaifang; anticerebral thrombosis; molecular docking;

calycosin; senkyunolide M; beauvericin; inosine
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Thr W —Br =K Mk T ABr Bl J\Br

uXp 149828 10.096 60 9.16122 8.04230 6.69406 5.1889 3.79701 253861 3.731 70
u Xvp 11.160 6  6.21828 4.54559 324805 2.17379 1.42739 0.79292 0.454 80 0.508 43

Xc 0 0 0 148899 0 0.41107 0 0 0

Xve 0 0 0 053564 0 0.08574 0 0 0
M Xpe 0 0 0 0 3.766 59 6.016 78 8.98967 11.0018 24.825 80
m Xvpe 0 0 0 0 1.10268 139430 1.69312 1.62756  2.919 86
m Xch 0 0 0 0 0 0 0.19164  0.477 07 1.118 63
 Xvch 0 0 0 0 0 0 0.06284  0.09560  0.162 50

m Xp = Xvp mXc Xve mXpc mXvpc ®mXch ® Xvch

Xp. Xvp. Xc. Xve. Xpe. Xvpes Xch. Xveh FRAH T EBE
Xp, Xvp, Xc, Xve, Xpe, Xvpe, Xch, Xvch indicate different subgraph paths

E1 ESFELEHEE 0~8 K MCI
Fig. 1 Structure of calycosin and MCI of order 0 to 8
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Table 1 Components of top five similarity between single medicine in Naotaifang and standard chemical drugs and their

similarity
e % CAS 5 AT ZEH MCL —Br MCL B MCI ~FY) MCI AU

K BERHEE 20575-57-9  Ci6H120s 32679  2.0393 1.7133 0.996 1
TR 486-62-4 C22H2209 48329  3.0650 2.568 7 0.9959
KEE 486-66-8 CisH1004 29044  1.8546 1.583 5 0.9959
FITEARAE R 485-72-3 Ci6H1204 3.1129 1.970 5 1.627 4 0.995 9
B R e 20633-67-4  C22H2010 49879  3.1339 2.654 6 0.994 7

JIE IS A M 114569-34-5 Ci6H204 33556  2.1322 1.708 4 0.997 8
FENE G 1 94596-28-8  C12H1604 2.6223 1.664 2 1.370 0 0.996 5
FENNE A R 172549-37-0  C12H160s 2.770 7 1.724 9 1.464 5 0.996 2
FENNE AEE T 94530-86-6  C12H1504 2.648 2 1.699 4 14120 0.996 0
1B-acrylate-7-aldehydo-B-carboline ~ 103805-66-9 Ci17H1aN203  3.440 6 2.206 9 1.748 6 0.9959

BE AEWE 26048-05-5 CasHs7N3Oo 95584  5.8192 5.062 1 0.996 9
6- A 3k -7- 5 -B-D-(4'- FH A JE)- Mt 879283-62-2  Ci7H2000 41299 25496  2.1061 0.996 3

R AT RIS TR

Jio £ 65-46-3 CoH13N30s  2.6723 1.6319 1.389 6 0.992 4
JREF 58-96-8 CoHi2N20s 26577  1.6279 1.386 5 0.992 3
KNEBEE 491-70-3 CisHi1006 3.214 4 1.9912 1.768 0 0.992 1

ok W 58-63-9 CioHi2N4Os ~ 2.942 3 1.867 3 1.586 3 0.992 7
RE 58-96-8 CoHN20s 26577  1.6279 1.386 5 0.992 6
i8=3 58-61-7 CioHi3NsOs4 29195 1.852'1 1.5719 0.991 8
5 118-00-3 CioHi3NsOs  3.0762 19248 1.676 6 0.988 4
R 54-12-6 CiHiN202 23676 1.4872 1.2514 0.962 5
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IR FE AT OX~8X, WIFR 2 FvR. S5 R RINTE
T OX~8X SFMETE 0.95~13.52, JIIEH) OX~3X
FIMETE 1.06~4.43, EEM X~3X FIELE
1.25~10.08, A X~8X FIYMETE 0.78~5.74,
23 RGN EREATTH S

I ZE T R SPAefk 2225 MCT AL I

S TR, KR BRI, EIE
WEE M & (R 1. RIS YDEE s TS 2 s 77
TETT I AR (3 A 356 Ao IR I 12256 M if A4
(R ST R, 15 BIPRRHE i 202 1. 12 HTELR 7
T T E Venny 15 2|50 HE 55 28 >, WL 2.
2.4 PPI MEDHT

V67 07 32 L 140 B 2 7 3 e ARG R i 1 A A R A 55
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Table 2 °X—3X of each component group from single medicine in Naotaifang

qjézj Eﬁﬁ’ oy ly 2y 3y 4y 5Y 6Y )¢ 8Y OXN8XE|Z;[;/}]1E
B EZ) BN 2.07 .12 09 09 0.1 0.73 0.65 0.58 0.71 0.95
S 421 262 226 226 242 2.65 2.99 3.29 7.00 3.30
B 8.99 559 590 690 885 11.84 1636 2337  33.90 13.52
HoAh 3.42 210 173 159 1.60 1.69 1.82 1.96 4.15 2.23
NE AR 2.53 155 133 122 1.22 1.27 1.30 1.32 2.69 1.60
R M 1.96 1.18 104 095 092  0.88 0.85 0.71 1.03 1.06
S 3.11 195 170  1.62 1.67 1.81 1.98 2.12 451 2.27
RHHEE 2.50 147 120 1.05 094 091 0.87 0.80 1.43 1.24
ERINCES 291 1.80 140 1.13 098  0.89 0.82 0.75 1.35 1.34
RS 3.06 190 1.69 168 189 222 2.66 3.15 7.49 2.86
ARBEE 2.66 170 140 134 1.44 1.66 1.90 217 3.58 1.98
HoAh 3.83 239 230 254  3.05 3.89 5.09 6.99 9.74 4.43
T P2 4.10 256 223 230 242 267 2.98 3.36 7.36 3.33
pATES 327 202 179 172 1.80 1.97 2.20 241 5.27 2.49
AR 2.94 1.73 151 136 1.31 1.30 1.32 1.37 2.95 1.75
e 2.02 125 1.05 100  1.02 1.05 1.05 0.99 1.83 1.25
Hiee s 5.66 341 298 278 263 2.63 2.78 2.95 6.12 3.55
A 3.98 246 447 545  7.01 936  12.81 1856 27.56 10.18
ALK 2.69 170 1.69 128 102 085 0.72 0.63 1.02 1.29
HoAh 4.89 305 294 329 392 488 6.20 8.10  14.42 5.74
o iELiiES 3.13 200 146 096  0.62 0.40 0.26 0.16 0.20 1.02
A ES 2.36 146 127  1.26 1.33 1.42 1.49 1.47 2.80 1.65
REIRE 1.91 1.09 095 079 067 053 0.40 0.29 0.40 0.78
AR 4.18 265 277 297 375 4.80 6.19 8.19 1620 5.74
TR 2.25 135 116 1.02 092 0.89 0.83 0.71 1.10 1.14
HoAh 2.81 175 141 124 119 1.20 1.23 1.27 2.56 1.63

e

174

B2 RRAEERSSKMmEZELERER
Fig. 2

ingredient in Naotaifang and cerebral thrombus

VENTEAERZ O 88 S 3T PPL 408, LK 3. 28
AN S R R AE R ¥ (tumor necrosis factor,

TNF). Il W & A KK+ (vascular endothelial
growth factor, VEGF). & M B1 (protein kinase

Venn diagram of intersection target of active

Bl, AKTD). FI#ifiii/%-10 (interleukin 10, IL10).
R EEAM 9 (matrix metalloproteinase 9,
MMP9). y FH#t#&E (interferon gamma, IFNG). 3§
T4 & 2 (prostaglandin endoperoxide synthase 2,
PTGS2) “5HE S HFAEERT . BEAEARIRTT AW
&R, o T R EAR R, 2
VERIZ DRSNS, FEAEROR, Ui RAE
W2 R L, AR RTBOCEE . MRS FEAE > rh A 7]
iz O R R, AR OEE A 13 1
25 FXHEWIE

N T TG B i 2R T I 5% DR R
A HAEH, ZH Sybyl-X 2.1.1 BRI e E
B S0 S, R B E LE 40 B
MG, SRS AR 28] R RS T
H total score (3R 3), total score 1Bk, i HHEA
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Fig.3 PPI network of intersection target

r

FI{E &K -APP

FE R -F2

AL -PTGS2

E4 BORDSOERDFIHEE

Fig. 4 Molecular docking diagram of part components and core target

JIHE . RS RN, AR IT IR B
sl FE)E AR ML IUVE . R R 3R 5550 S T
A% O 55 PTGS2. I8 55 H P53 (tumor protein P53,
TP53). #EIMLA+ 1T (coagulation factor III, F3). f
LA AYIEE (myeloperoxidase, MPO). VERFERTA
[ (amyloid beta precursor protein, APP) %%[¥] total
score {HIH 5, WRHEIRNE GRS, 456

A SCHR, IR 7 A2 5 i A A DAL 5
CA A WARIE, s me . N RIS,
FHOGEE 2525 5 i IS AE SSATL i) PR 95 1 A 30 43 i
iE, 40 TNFB8, IL103%, MMP9MO, PTGS214114%, 7
JEB W22 T7 R HE 2 A R AT R R R
26 LR

B2 1 RN, 4R 5 BRR 24 Hh 2 B MCT ARBLRE
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Table 3 Total score of active ingredient in Naotaifang combined with core target of cerebral thrombus

e H
T

TNF VEGFA AKT1 IL10 MMP9 IFNG PTGS2 TP53 I1L4 F2 F3 MPO APP
BT 465 462 463 4.64 4.00 — 513 543 4.65 493 509 597 3.82
AR 726 385 424 596 556 7.65 674 550 7.11 7.89 8.09 843 7.81
KE & 443  3.07 605 3.12 291 576 392 423 487 421 446 570 448
TR R 452 291 454 359 320 @ — 464 501 509 544 502 477 3.45
A 867 3.03 571 399 484 — 723 539 7.04 10.17 7.84 9.13 5.87
IS NEE M 588 3.76 479 396 530 @ — 585 503 542 6.86 7.07 628 5.61
IS NEE T 459 3.05 386 3.3 292 493 470 4.69 439 536 491 473 4.62
IS AR R 561 322 419 369 433 509 524 508 619 565 — 619 496
VENE AT 481 334 453 378 491 448 483 468 450 567 570 6.18 484
1B-acrylate-7-aldehydo-p- 4.54 3.50 438 503 3.56 626 521 515 475 6.81 635 628 427
carboline
AERZE 370 371 557 574 483 567 — 531 639 7.2 558 257 643
6- HE I -7- 5 -p-D-4-FE 760 347 534 483 493 697 605 556 614 721 6.09 6.89 7.50
H)-ME R A PR B R
itN=3 631 285 526 466 514 505 519 521 611 632 525 548 4.80
JRE 496 2.66 430 3.68 452 459 553 599 465 699 498 545 4.57
ARBE R 544 339 447 457 380 557 597 598 593 6.16 547 597 4.64
WL 489 415 484 446 507 — 681 586 447 659 568 6.80 5.38
JRFEF 496 2.66 430 3.68 452 459 553 599 465 699 498 545 4.57
JiRF 6.99 264 590 391 4.6l — 597 467 475 6.84 518 542 5.5
5t 628 486 436 396 531 459 598 589 553 6.65 583 6.04 4.42
BRI 472 345 455 529 484 636 512 469 603 6.03 734 545 491

“ =7 FORMEAIT)

“—7 indicates that the interconnection fails

A4 HT 5 b SV BERHE . TR . KRS
R HITENAE R BEREIRE; IS MCIAHBUE
e T 5 AL S ovE N = N EE M. 1TSS ATE 1
FENE ANEE R E N ER T 1B-acrylate-7-aldehydo-
B-carboline; fE7x MCI AHIAEEHEA AT 5 KL &N
FUE R R 6-FH AUk -7-50-B-D-(4'- F 8 2% )- MLt il ]
WEFTG R, ME. JREE. RBEEER: #iE MCI
FVEHEATT 5 IEPIRIE . IR I, &
. OER. Hrh s, JE RS,

BRMZER., R E R SRR, Y
X LRI Wi 2 T7 v e i ke A 1 3 S oy
B B 2 WA, SRR OX~8X P H{E 5 ik
FEITH OX~SX FIME (3.01) $eil, HEWIF AT RE
0 2 75 R AE DU R XA BT RS
ST IR SR B oy B B e B L R T AN A
R BEAE. PWIER -7-0--D- & EL 4
YRRy, HJESESER R 48 TR IE R /N B —
JE RN E, AURIEE AN MREE . &
MR SRR I 7 AFERR R R R, HRMRHEA

iy E UK TR RO B E I8 /KT, R I 3 RS B L
A R AEH. BEEMET P NEY, KR
IR, BhETTTR . SEET R, BER
AL, R RAE R, B R TS 48 H A B
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