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HE. [ HH]IA X BIRIRT TS M AT TD16 1 & BB (TDFE ) X £ SUSE 55 /0N BRS04 T2 8 74 300 ol 4 FH 2
HIRLENLE . [ KM /N BUBEHL 2 4 1E 7 21 ( Control 21 ) A5 7 £ ( Model £H ) . B %] DE Ak BH 14 %) BR 40 ( Aspirin 4,
10 mg-kg™") Al TDFE IG5 220 ( TDFE-L 41,50 mg-kg ') . 41 (TDFE-M 41,100 mg-kg™") . #7141 ( TDFE-H 41,200
mg-keg™) HEEAZY 7 d JEAEHN B EOMARRETY 3820 e R ARl e R R A B AR b (U5 L B R PT TS 1
B 43458 00 B DS () APTT (B8 1l WA [0 TT FNEF4E 26 R FIB) L5 I 2 RE s Fr ( KT & AR AL B i AST . N & R & 5%
RS ALT IR A ALB  BIBETE TBIL) (SAE R T ( A0S 2 1L-6 IL-18 AR IRFER T TNF-o) | LI £ 545 (41
LRI VR BTG A -PA AR ZE B, TXB, LR BRSSP0 R 7510 PAT-1) LA B R B R84 45 A 5 B 2 0 A 5 A 22 248
TEH TDFE B9 NPT AE 31245 & UPLC-MS 71 9 2% 245 B 4400 45 f M 16 P A4 S A FHAE S . [ 455815 Model 4041 LE,
TDFE-L £H 42 5 80 ( P<0.05) , TDFE-M 411 TDFE-H 411k B 0 (P<0.01) , Aspirin 41 JLF- o L 1M s 5 4% 25 24
20 /I B TP I 45 22 45 2 i, Fo v TDFE-L 20 Aspivin ZHECRAR Y, BEILDIRE DT 1, £ 25 25 41/N W PT APTT Al TT 3
WFIER (P<0.05) ,FIB S FEA . LT 484 1 IL-6.IL-18 I TNF-o &4t i FFEAR (P<0.05) . G E4545 71, t-PA
WeEERS I, Wi TXB, F1 PAL-1 Ve i W 35 T B (P<0.05) o[RBT, I3 AST, ALT ¥ 4 55 T A 8 A0 5C 48 45t 1o 35 IR
(P<0.05) , UPLC-MS %E H a—TFRIR(11.61%) . FHE 2K (6.31%) %5 19 FhET Ny, M4 253 5 oR Honl il i 1L-6 5
AL RIS TH YT 21K v (PPARG) AHAIE RRFH 43 1 (ICAM-1) A58 s JA42 AR 5T A R R 3 Jk ok A 58 £k 388 6 2 % e 1
AR, (G581 5 AT TD16 & BEr= My REA S5 il A USRI 55 59 /I8 BRUR 8 Bk AR T 5, 76 1A R 697 UL B A
TRAE B R AL

KR S NAHTE KB R IK AL 5 f SO P im
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Inhibitory effects of the fermentation products of Salvia miltiorrhiza
endophytic bacteria TD16 on tail vein thrombosis formation in mice

YUAN Chuang' ,HUANG Zhi*, LI Xiaofan®’ ,LI Wenying' , WU Xuan',XU Fanting',
SUN Ligiong'* , TANG Xiaoging'* , WANG Kangcai'

(1.College of Horticulture ,Nanjing Agricultural University ,Nanjing 211800, China;2.College of Life Sciences,Nanjing Agricultural
University , Nanjing 210014, China ; 3.Suzhou Juxintang Pharmaceutical Co.,Ltd,Suzhou 215500, China)

Abstract ; [ Objectives ] The present study aimed to explore the inhibitory effect and underlying mechanism of the fermented extract
from endophytic bacterium TD16 ( TDFE ) the root of Salvia miltiorrhiza on carrageenan-induced tail vein thrombosis in mice.
[ Methods ] KM mice were randomly divided into normal group ( Control group) ,model group( Model group) , aspirin-positive control
group ( Aspirin group, 10 mg-kg™") ,and TDFE low-dose group( TDFE-L,50 mg-kg™") , medium-dose group( TDFE-M, 100 mg-kg™")
and high-dose group( TDFE-H,200 mg-kg™" ). After continuous gavage administration for 7 days,a mouse tail vein thrombosis model
was established. The in vivo antithrombotic effect of TDFE was evaluated through comprehensive analysis of multiple dimensions,
including black tail rate, thrombus length, coagulation indices ( prothrombin time, PT; activated partial thromboplastin time, APTT;

thrombin time, TT; fibrinogen, FIB) , serum liver function indices (aspartate aminotransferase, AST; alanine aminotransferase, ALT;
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albumin, ALB; total bilirubin, TBIL) , inflammatory factors ( interleukins IL-6, IL-18 and tumor necrosis factor TNF-a ) , serum
fibrinolytic indexes( tissue-type fibrinogen activator, t-PA ; thromboxane B, ,TXB, ; fibrinogen activator inhibitor, PAI-1) ,as well as
pathological analysis of liver and rat tail tissues. The UPLC-MS and network pharmacology were combined to analyze the chemical
components and potential targets of TDFE. [ Results ] Compared with the Model group, the thrombus in the TDFE-L group was
significantly reduced( P<0.05). The TDFE-M and TDFE-H groups exhibited very limited thrombosis (P<0.01) ,and the Aspirin
group showed almost no visible thrombosis. The liver damage in mice from each administration group was significantly mitigated , with
the most pronounced effect observed in the TDFE-L and the Aspirin group. Regarding coagulation function, PT, APTT and TT were
significantly prolonged in mice from each administration group( P<0.05) ,accompanied by a decrease in FIB content. Furthermore,
a significant decrease in the serum concentrations of inflammatory cytokines IL-6, IL-1B, and TNF-a was observed ( P<0.05).
Regarding fibrinolysis index,the concentration of t-PA increased, while the concentrations of TXB, and PAI-1 significantly decreased
(P<0.05). Concurrently,serum AST,ALT activities and other liver metabolism-related indexes demonstrated a significant decrease
(P<0.05). A comprehensive comparison of the TDFE-H group and the Aspirin group revealed that the former exhibited a superior
overall effect. UPLC-MS identified 19 major components, including a-linolenic acid (11.61% ) and isovanillin (6.31% ). Network
pharmacology analysis suggested that TDFE might exert antithrombotic effects by regulating lipid metabolism and atherosclerosis
pathways through targets such as IL-6, peroxisome proliferator-activated receptor y(PPARG) , and intercellular adhesion molecule-1
(ICAM-1). [ Conclusions ] The fermentation product of S. miltiorrhiza endophytic bacteria TD16 could effectively inhibit carrageenan-
induced tail vein thrombosis in mice,indicating its potential application value in the treatment of thrombosis.

Keywords : Salvia miltiorrhiza ;endophytic bacteria ; fermentation product ;tail vein thrombosis ; carrageenan ; antithrombosis

L 2 P I PR AL K e SR R T W 3R /I AR SR R I R T TG AR5 LR X A e A
JEE R I PR FH AR 24 ) T A RGBT /AR SR B 25y (An e ] DT AR S A T A
PUEEZ Y (AR MORIEE LU ) 45 ) LUV M 245 W (An e i R R ) 46 ) {3k 26 24 9y Al PR 68
TR AR AR B AN BB, B0 O PP O IR | At B A L I S RE B Sk R A
W, FF AR T Ry e A AR AT HRIORIR BT A 25 ) AR I 2

P12 (Salvia miltiorrhiza Bge.) REIERZG Y, VLA EEAR MARZEAZG , HA TG AR B 2R rY
AL AEG R _F )32 45 0 IR I A B TR YT . AR N AR TR SRy — T 2% LY ) LR i A
GEUR, AT IR B AR AR TR S T Tl Ak A PR A A AR B R AR e A R AR
R AR R A R O AR S 8 ERY I AR R R v, REAE A 2 R, A AT LA
Bl A YART TS Mo SR Wy 0 BT 38 T RESRAG 5 18 AR AR [R) SO R 2530006 P . A DR ASTA i
BIMNFESAER 3 B 3 1 bk BA RN 6 2L 9 28 MUAT B8 ( Bacillus sp. TD16) , I FHIE P38 B4y BEHOR
TER TR PR UG 2] TG ) , fi 45 24 TDFE, SR, TDFE 714 N 19 24 580 8 e B T AL AT 75 1%
AT

PRI, ASBIF 5 T A SO S /N BURS DK I AR AL LSE TDFE X I A% T2 1 iy s i, 76 3h 9 F 5
UEHCHT AR, BT AR TP, Sy KRR Tl 25 W00 & B2 BEA 0 (8 19 275 FIRHE .

1 #HETE

1.1 RIEwr#

1.1.1 AREIEF ZHEWH(DMSO) JK A FEE 3.8% Mk R ANt e 1] | 22 5 HH i [ % W . EDTA HiE
B A B F A YR RS A IL-18 . IL-6  TNF-o Il 057 &0 A AL st B FRHE A R Al . t-PA
PAI-1 TXB, W a0 &0 [ pg ol i i 5 A Oy FRA A

1.1.2 BE# 50 0 F AR A PR L 25 A ) 1 5 AR BB 73 B 4R 15, 28 16S tDNA JE[HF 51 45 5
ZEMAT RS ( Bacillus sp.) , ¥ H4i 54 TD16, EAR 2 58 G ANT « 78 H (8] R S0 B PH S AE bR, IR AR
fEiz Al S0 5 5 B HUR A H BLA 2 WK e TV 5 e fe 2 05 TAE B N, 75% CBERA 10 min 178
YR s TG KR 5~ 6 IR AFRIR B LB, FH 2% IR EIRENE IR L 3 min WK, 5 i FH TC 7K 15
YE5~6 K, BUERAIEVEHIBCE K 100 pL, x40 F LB B A b1 7 R K sk, #i A Tt K
& KA B AR LH AU % 2 TR A 1.5 mL TG AR BEER K SO0 EE | TR 21 K ik i e VE N
JRIATREIR , 10 5B B BRI 25 107" ~ L0 MBREERE Ml . 2EHR 107,107 107 3 AR B BEAE i 4% 100
pL, RAGERD LB BE-F-A,28 CIEIRKT IR 48 h, BEIBUE A HFIEA 5 09 BRTR Vi | 28 DY XA 2k i e 2 ali AL 4
W RTF R A K AR =Y, B i AL BRI RN T LB WK EE 353,37 CIRG BT IR E Dy, = 1.0 B, B
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1.5 mL BRZEFE U E R A YIRS A FRA 77547 16S rDNA P34 530 75434, 45 % 513 5 NCBI %4
J& BLAST FeXt, H & R 2EMAT R

1.1.3 iXIeEh  HEPE SPF 20 KM /MR 72 H,5 I KTy (24.02.0) g, B AL R 2 W) S g rh
O RIS sh Wyl P AT IES  SYXK (7)) 20220031, /NS 1 H 2030 5 A v ARD R RO AR 4 v K 76 TR
FE (25 1) CH PRSI BHE NER SR 7 d GRS . BT AT 1 sl il e ™ 4% 20 IR me ol K 2= 3l 4 S 56
LU Sl AR B 25 1) % [ 5 S 90 S 1 55 A R 4 B (AR B HIE S . NJAU. No20240528101) ,

1.2 REFHE

1.2.1 TD16 XE*=¥iRENY) TDFE Mil& IR TD16 280 T LB ARG F= 5,30 °C (180
remin” PRGIESE 3 do 1% (RFR AR50 42 b 55 B 15 57 W1 Fh 31 A & I 85 97 56, 30 °C L 180
remin” PR35 55 6 d,3 000 remin” E0 20 min, WL LW, USSR RS, KK AR 2
M2 Ol O T BRI, AN LR E A 3 IR, 7 OIS MA R TR PR A T R E T B8R 43, 5 0 SR SR A2 L
W YR A T 188 2 W8 BRI 4 . #E—25 1 60 A BYRERCKEHEATHE 2T 20 85 Rk F A T ik - 2.1 2 T
VAR 2 (B4 310 100:0.50:1.20:1.10:1.5:1.2:1,0:100) FEATHA BE R , %4 B3 17 47 1A 41
VAR TR RGN | 2 BRTE M 4 T EEE h AE A TBE - 2R TR (10 1) BYVEIERAL , &5 I e 48 T 45 31
TD16 G TR ICY) TDFE, 55 FH 5% (PR FR 43450 DMSO 5 i , Az 13k /K R B TC ) A ) ¥ 2 1)
RIS

1.2.2 ESMEREMNE S5 R5 S M EIm e , F /N B IR BRI, P 5 288 B i =
B 5 mm BEESE A BTk AR E ARG [ 5 U K AR R TR A, TR 0 B R K /N B — B
B, B B0 T RIS A AR | mL 7 55 T sE e 6 BRI 1 ml AR AR KB 36 T e I
F 37 CHEEFEK L 80 remin™' WEE 24 h, I M EEH T FHICK R m, % A MBS TF N m,. B
BRI R = (my—m, ) /myx100%,,

1.2.3 REDER/NRERKMEERAE B 72 HERE HRTE N (24.022.0) ¢ 1 SPF FEE KM /MR,
BERLAT I 6 20, 4540 12 2, /40 F - IE % % B4 ( Control 2H) AL ( Model 40 ) . Aspirin FHPEZA 2540
(Aspirin #) , LA S TDFE 1 3 /AN [A] ] fEAb 2R . IG5 i 2 ( TDFE-L 20,50 mg-kg™") |\t ¥ & 41 ( TDFE-M
21,100 mg-kg™") I E 4L (TDFE-H 41,200 mg-kg™") . Aspirin 2145 259 i 2 B\ 5 sh ik R AT &
FROHATHA B 10 mg-kg™ . Control 20 FHAFRAFER/KFE S B H 1 K, 542 7 d, 0 RWIHRIATE , BK
FREE 1 IR AN IUAA S AR R NG s 1 5 SUSR e st /N BRI AR 4SS 80 ) 3R R SR [ 10— 11 ] i 07 ¥k i A7
YR, TR T RHE A 2259 45 min i, B TS TR S BON 0.29% B A SRV T, TE TR =0
10 g RHE 0.1 mL, 25 X BRZH VR 5 [R) 500 i i AR BRER K B EHs /N B30 8 T VKK I 1 min, P8
F(25+1) CHIABETIEFE, H RIKE,48 h JE g0 /N RB B AR K

1.24 PMREZSBMBRIKENE R[S 45T 0.2% M SR BN H AR 2
FORBCIE % PG (R a] 5, 3 SR K B R e ) S F A8 AR T B B 5 R B BE A 43 L, BV A I A
T AR B

1.2.5 B0 4 BUHEAREN  f50 e 58/ BB KRR R K S, dUl Wk A58 /N, Y 1.5 mL 38
g+ L™ AR A1 1) 1008 SR L (IR BT BER AR R EE A 9:1) ,3 000 r-min™ B0 15 min 5 B EIH W, R H
4= H BhEE I 53 BT SRS I D) REFE 4% APTT PT TT 1 FIB,

1.2.6 MFALEBRNE RA2H AW E /N IMTE ALTAST 3% #:A1 TBIL,ALB HDL-C LDL-C
TG.TC i,

1.2.7 MBFXREERFUE B8/ BRI BR R 5 0 1% B T35 25045 N F#E 30 min, 3 000 r-min”' &
> 10 min, B IEW, FH ELISA 32500 GAG I 138 W Hh 28 0E B IL-6IL-1B  TNF-o ¥ B, 28 ELISA 5
G UL AR T A R B, I Ak SR B T = R AR T 30 min DAL

1.2.8 MFRMAABREFUE S8 ELISA {57 & Ui e /NI o TXB, (t-PA [PAI-1 &4,
1.29 /NRALRFREZMRENE K/NRENG BB R 5 H 4% 2R P RS 2, H
IR ZE - (HE) Yot )5 T B T I IRIE 5%

1.2.10 TDFE By UPLC-MS £ ZRM 544 {4 Thermo Fisher Scientific Vanquish R RIS R 5,
it Waters ACQUITY UPLC BEH Amide {6i%4E (2.1 mm x 100 mm,1.7 um) %} TDFE ££ 5347 015055
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TSR A HRZKAR, & 25 mmol - L™ ZBREA 25 mmol- L™ &K, B HISH 2N, FESEIREE 4 °C, HEREARY
2 wL, BEEEVERFEAE .0~2 min, 10% B;2~14 min, 10% ~90% B;14 ~ 16 min,90% B;16 ~17 min, 90% ~
10% B;17~18.5 min,10% B, {#i i} Thermo Scientific Orbitrap Exploris 120 BT HE R TEAY WA e 5 25 B
URCES) #EAT BOE A, 1E/ 608 7 1R 20 Bl BB W5 LR O +3.8 kV FI-3.4 kV, BAAIEE 320
C, A 50 Arb, FHAU R 15 Arb, 43 B 60 000, B A 14 ( DDA ) BE0F fil &k — Ui (MS/
MS) REE , ShASHEBRI ] 6 s, il it GE 52K FH 20.30.40 eV =AW B A RV (m/z2)
100~1 500, fii 1] Xcalibur 4.4 ZAFHEF TR RG-S AL BT
1.2.11 MEHEZSH  FH Swiss Target Prediction 088 & (http : // swisstargetprediction.ch/ ) Tl TDFE
TP A3 AR FHAE 55 ( Probility>0) 5 2R Genecards $04E & ( www. genecards. org/) , OMIM 44 4i& % ( https ://
www. omim. org/). Drugbank %% #i J% ( https://db. idrblab. net/ttd/), LA “ thrombus ” “ thrombosis ”
“ antithrombotic” “fibrinolysis” “ coagulation factor” Jky S8 Ta] , 57 16 “ MLA% ™ AH A FHE A&, 38 2 3 A A5 0 B
£ (https ://www.bioinformatics.com.cn) X TDFE {4 5553 TN AE 25 55 i 44 2 o AH SCHE s 47 28 26 0 #r , 3R
BUBAEDT MR 5 B E 4 25 5 A STRING %0908 %2 (https : //cn. string-db. org/ ) , ¥4 8 % (4 H.AF (PPI) [
2% K1 Cytoscape 3.10.0 B A4F X5 PPL W 2% 7 47 nl AL Ak 4b 2, W] i F F Cytoscape 3.10.0 ¢4 1
Centiscape2.2 ffif}, 785 18 HY Degree = 10 fAZ 0 HE 55 5 A David B 7 ( https ;: // davidbioinformatics. nih.
gov/ ) AT GO TIRE X KEGG 18 #% & 42 404 , 8 i Tl A AR 20 B 1 65 %) s SR 45 R EAT T A ab B8, d5fm , A
I Cytoscape 3.10.0 4kPEHIHE TDFE* I H 51 e Bt B 15— 2™ A2
1.3 FHitESH

K SPSS 24.0 GEiH A HEATEE 0 b , 25 R LI E R 22 (2 2SD) o s Z A A LU BRI 2R 5
ZE53HT (one-way ANOVA) | 2 8] P LR /N BB PR 22505 (LSD %)

2 HRESH

2.1 AEBEBEEAAEINERFEXT

WA 1 7R R L Z AR LS5 30 S e R A ik - 2 PR SRR AR LE S 10 <1 B, B 3R DR
AV O R T P S R T AR (P<0.001) , 26 BH TD16 B MK AT 7= A5 IR A 1 1 A o 2 4 vh A 1% 0k
REAE , P SR SRR R EL A 10 21 A3 T ik - £ 1R £ R DE GV 0 T ik 46 it 47, R Hodw 4 0
TDFE,
2.2 FEAHBEI/NREENZIE

mE 2 pRs, 22 HEE 1 85, Control ZH/)N FRAEIIA T R 40.25 g, Model 4 | Aspirin 21, TDFE-L 2 |
TDFE-M 20 /1 TDFE-H 20 /)N B 29446 5 43 51 4 39.50,40.42,40.67 .41.50.41.33 g, % TDFE 4525415

60.0 50.0
sksksk
3 50.0 |- — 450k
< O 400[ = 1 1
o £ o g 400 . T -
% g =g 3s0f
. g 200 foe) —e— Control; TDFE-L;
= 300 —— Model; —— TDFE-M;
100 I‘l‘l | \ | E | o o— Aspirin; —— TDFE-H
0 Le=FEm | 1 1 1 1 1 J 25.0 1 1 1 1 1 1 J
100:1 50:1 20:1 10:1 5:1  2:1 0:100 1 2 3 4 5 6 7
V(IS : (LR LTg) 1d
V(petroleum ether): /(ethyl acetate)
B 1 AEERESEEIMNERENE E 2 TDFE X/ RIEEH M
Fig. 1 In vitro thrombolysis activities of the Fig. 2 Effect of TDFE on body weight in mice
elution products Control ; IE % XF B2 Normal group ; Model : BEEIZH Model group;
% pe(.001. Aspirin; P25 2540 Aspirin-positive control group ; TDFE-L. fIX 5] &

24 Low-dosee group (50 mg-kg™' TDFE) ; TDFE-M ; H151] f& 4] Medium-
dose group( 100 mg-kg™! TDFE) ; TDFE-H ; =71 & 4 High-dose group
(200 mg-kg™' TDFE). F[f] The same as follows.
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Control \Model , Aspirin ZHH kb JREEA BEER(P>0.05) , 2 TDFE 78185635 & 1) 77 & 75 Fl N, 6
AINER AR S A AR T8 RV ST R = AR B B 3 /N R 6 06 Bh ST N IR, RERS7E — @ R I 1 4 H5 /L
RERE,
2.3 TDFE X$/]\6R BB ML+ B B 22 i

Hi1&] 3 W] L, 3455 48 h J B Control ZH AN, Hft 4% 2H /N BRUR SR I4 H B T AN [ 82 B 114 W 0 €2 1 A, 350049
/N R B M A BT A B S T TR . i 1 AT UL, 55 Control ZH/INERUHH EE , Model 21 /)N R P2
FBHEN 100% , BRI 2 5 4 B K B 1Y) 80.89% , Wi 4L [A] 22 57 . 3% ( P<0.05) , e /n AU Ag ' p Ty, 5
Model ZH/INEUAH EL , 45 25 25 41/IN B SR RE 38 R 3 ot e 32 R 8 0 i e A XoF K 5 15 AN [ A B AR A1, G
H Aspirin 2070 BRUR S IR B3 R 5 Ry 135 (P<0.05 ), 2 Y BEL P o B 225 0 I ) WG A 7 410 461 10 A TG ok
A RER . AR, TDFE-M 2081 TDFE-H 20 /N 5% R0 i A 5 Bl A5 31 1 Kekess (P<0.05) , I Ho iR
J7RCRAZ T FRPEXT BRZ5 ) Aspirin 41 (BAFFAE 3 25 5% . TDFE-L 20 R 350 i A% < J5 R0 8 450 i A A T 38
55 Model Z1AH L 5 3 FEAK (P<0.05) . #1263 W, TDFE 7EAS 15 & 49560 /s B bk i A2 A i il B T, HL&2
B — 2 I AR

Control Model Aspirin TDFE-L TDFE-M TDFE-H
3 MNREBMEKENE
Fig. 3 Observation of tail thrombus length in mice

®1 DREREER MiEKEMMSEKER LR

Table 1 Comparison of black tail rate,thrombus length and relative thrombus length in mice

2157 I/ (mg-kg™") R/ % I B/ mm I AE R BE/mm
Group Dosage Black tail rate Thrombus length Relative length of thrombus
Control
Model 100.00 88.58+7.22 80.89+6.41
Aspirin 10 58.33 4.62+4.13" 4.33+3.86"

TDFE-L 50 100.00 54.25+5.21 "% 51.84+5.69 %
TDFE-M 100 100.00 13.92+3.06*# 13.11£3.19%#
TDFE-H 200 100.00 15.42+2.68** 14.22+2.59*#

T OR SR H R B 3 (P<0.05) ;¥ R 5T Rl IUAR4LAR H 22 7 B3 (P<0.05) .
Note : * indicates significant difference compared with the model group( P<0.05) ;* indicates significant difference compared with the aspirin group

(P<0.05).

2.4 TDFE X/ Ml EtrA 220

2.4.1 XTEEMINAERIRME 402 2 AR, 5 Control ZHAH L, Model ZH/NER Y APTT PT TT #4 i 25k 21>,
FIB ¥ {0 & T+ (P<0.05) , R A BLS /)N B AR SE I D) 68 570, RN BE M M 358 . 5 Model 414
Lo, 2254/ N LTS PT APTT TT 2 58 5580, FIB 5 i 3 P& AR (P<0.05) . MW Aspirin A [ 5]
WY TDFE BIREAE—E FEEE 1 oot /N B SE I D) R 5, B It 1n) 9855 . LAk, TDFE 19 245550 FH 2 3
H0 B I AR B RO, B TDFE 57 2 80O, 25 0/ B 2 3% . TDFE-L #1 TDFE-M ZH /)N B I v PT Al
TT KT Aspirin 41, 1M FIB &1 5 T Aspirin 21, 13X 2 B ZEEBAR A 2850 & T, TDFE X /)N BB I 21 g
ARk 1 ] BEMSEL T Aspirin, R0, TDFE-H 417 PT #il APTT K55 F Aspirin 41, TT il FIB /KT
Aspirin 41( P<0.05) , FRHFEE R T, TDFE X /N EUEBE Il D) BE i e/ B oy 1 2 EE 20T Aspirin,



784 [EZI S S A NI S £ 49 &
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Table 2 Effects of different treatments on coagulation function indexes in mice

215 T 1ML SRS [/ T Ak 43058 I T ST (1) /s I T [ /s YA SR/ (g L")

Group Prothrombin time( PT) Activated partial thromboplastin time( APTT) Thrombin time ( TT) Fibrinogen ( FIB) content
Control 10.32+0.32 21.21+0.66 32.06+0.99 1.57+0.05

Model 9.03+0.28 * 19.56+0.61 * 22.89+0.20 % 3.30+0.10*

Aspirin 10.81+0.34* 28.91+0.89 ** 33.99+0.14 ** 2.53+0.08 **
TDFE-L 8.46+0.26 * 31.03+0.96 * 24.31£0.10 *#F 3.17+0.08 * #f
TDFE-M 9.33+0.29*F 32.30£1.00 *#F 28.07+0.47 *#F 2.76+0.09 * ¥
TDFE-H 11.60+0.36 *** 32.93+1.02 %% 26.09+0.59 * 2.34+0.07 *#

e PR EX IRAUA 22 5 25 (P<0.05) " Rn SR A 22 57 8 35 (P<0.05) , 7 367K 5 ] D AR 2 A 22 57 48 35 (P<0.05) ,
T,

Note ; * indicates significant difference compared with the control group( P<0.05) ;# indicates significant difference compared with the model group

(P<0.05) ;" indicates significant difference compared with the aspirin group( P<0.05). The same as follows.
242 XREEFHIENE 415 3 i3, 5 Control ZHHI EL, Model ZH /)N UL H Y 28 5E K F 1L-6.1L-18 .
TNF-o ¥ B35 i 2 T+ 155 (P<0.05) , R A IEBLS /N BUR N AEAE B 2 S 5E U, 5 Model 4041 EE, Aspirin
24 \TDFE-M #1 TDFE-H ZH () I1L-6 IL-1B [ TNF-a ¥ J& 15 1 2 FEAR ( P<0.05) , % W] Aspirin #1 TDFE (5
FE) HIBEIN /N BV PN B ARE BRI, BEARR R A [ F B7K -, 78 TDFE B [R50 4 v Bt ) 0 X 388
IL-1B Fl TNF-o [ BE R W KA, SRR W dab )50 s (st M . ELIRAT 3, TDFE-M 28 1L-1B  TNF-o0 ¥ £ I
AT TDFE-L 4H ( P<0.05) , 1M TDFE-H 2H 1L-1B . TNF-a ¥ 5 | 5 & {IC T TDFE-M 2H ( P<0.05) , #&{A&TM
& ,TDFE-H 205 Aspirin ZH7EFEAR/D BRI H IL-18 F1 TNF-o 7KV J7 T 2RI AL B8R | W 2H =2 [ 19 2
SN R SRR A TDFE " REEA S Aspirin A4 BT RIEH]
F£3 FEAE /R M3 b5 E F R85

Table 3 Effects of different treatments on inflammatory factors in mice plasma pg-mL™!
215 Group 1L-6 #¢# 1L-6 concentration 1IL-1B8 e JE IL-1B concentration TNF-a ¥ & TNF-o concentration
Control 9.09+0.30 13.94+0.90 58.50+0.87
Model 11.93£0.16 " 17.13£0.05 " 66.67+2.30"
Aspirin 9.45+0.49 ** 11.84+0.65"*% 53.80+0.97 **
TDFE-L 9.10+0.29"f 16.54+0.65* 65.68+2.86"
TDFE-M 9.51+1.10% 14.38+2.43%1% 56.81x0.31%%
TDFE-H 9.13+0.54"" 13.77+0. 124 53.18+0.05 *#i4

P 255 TDFE-L 41 22 57 135 ( P<0.05) ; * F 5 TDFE-M 411 253 13 (P<0.05) . TR,
Note:: indicates significant difference compared with the TDFE-L group (P<0.05) ; # indicates significant difference compared with the TDFE-M
group( P<0.05). The same as follows.

24.3 WEFRRSGHIEN WK 4 iR, 5 Control ZAAH L, Model 41 t-PA ¢ FER#AR, TXB, \PAI-1 ¥} J¥ i
FF 1 (P<0.05) , RWIE S /N BRA 2R R G0 h 90 0 25580, 6 10 00 i) AR XT3 0, 5 Model ZHAH L,
Aspirin \ TDFE-M . TDFE-H £l t-PA % B 445 FF 75, TXB, \PAI-1 ¥ J¥ 1 i FEAK (P<0.05) , B Aspirin
A w0 TDFE ¥Reelcs DU N ZEZRL A R4, W & F i B K7, X AR R ) TDFE
YNG4 %S T TDFE-L 4, TDFE-M F1 TDFE-H £H t-PA & & T (50 3% 25 5%, TXB, W ¥ i 2 A%
(P<0.05) ,PAI-1 ¥ Bt 2 FRAIGEaFA, R] TDFE 76 J8 T 40 R 5005 T H A — & R s A0 &, TDFE-H
H5BAYEZY Aspirin HTE W T 2F 5 R G 7 IR B AHRIA R . 76 TDFE-M 415 TDFE-H 40 [H] t-PA |
TXB, \PAI-1 S8 TiE bR 22 S BN 3 $R7E il 5 s R 5 X A X R, TDFE X 4R R GEry i 15 7
IR E)— AR R
Rz 4 AESEINRIME SR RSEIEIRHEN
Table 4 Effects of different treatments on plasma fibrinolytic system indexes in mice

415 S AV LT B EROE FIVR B/ (ng L") MR B, WE/ (pg-mL™") SRR EGEOE I R/ (pgemL ")

Group t-PA concentration TXB, concentration PAI-1 concentration
Control 5.64+0.67 53.74+2.52 3.13£0.27
Model 5.32+0.12 64.33+3.57 " 3.78+0.02 *
Aspirin 5.60+0.69 49.87+0.43 ** 2.60+0.02*#
TDFE-L 5.30+0.18 55.49+4.65"F 3.37+0.54"
TDFE-M 5.43+0.47 50.10+0.04 * ¥ 3.31+0.017
TDFE-H 5.55+0.25 50.33+0.81 *¥: 3.02+0.23*

Note : t-PA ; Tissue-type fibrinogen activator; TXB, : Thromboxane B, ; PAI-1:Fibrinogen activator inhibitor.
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2.4.4 JHINRAFThEERISSNE 3R 5 A, A% T Control 40, Model 20 ALT AST 7% M & TBIL Fil ALB #
JER 2 ETH(P<0.05) R WIS BFIES N RE P BESZ 01 ; AHEL T Model 20 , 45 45 2520 ALT (AST {5 A1
TBIL #¢ i 44 i A% (P<0.05) , #2755 Aspirin Fl TDFE 40 BEXFSZ-45 4 B 40 i BoAT — & BRI VE T &% 460 2%
415 Model ZHAH I, ALB ¢ B2 22 5 8 8.3, 3 R W 4% b B AT REAE A 400 AL XTI 45 18 ALB D BE IS5/
XA [E]F) Y TDFE 45 2540, % B TDFE 7E2IE - S RE545 )7 T 8 B — 5 i3] B AP
x5 AEAER/NRIMRFIHBE K F ISR M
Table 5 Effects of different treatments on plasma liver function level in mice

B WREREEEBEEE/ (UL RITLAREEEBRE M/ (U-L7") BIHLRKE/ (umol - L") FHEFWKE/ (g-L7")

Group ALT activity AST activity TBIL concentration ALB concentration
Control 33.08+1.53 104.41+2.66 7.18+0.13 22.43+0.35

Model 99.43+4.12" 170.42+3.93 " 12.40+0.43 " 26.66+0.38 "
Aspirin 34.24+0.26* 127.49+1.88 ** 7.29+0.57% 25.72+0.66 *
TDFE-L 49.84+1.32%*% 145.28+2.08 *# 9.89+0.32*# 26.65+0.42"
TDFE-M 47.25+0.88 * " 135.78+3.46 % 8.41+0.21 *# 26.56+0.96
TDFE-H 39.10+2.41 % 133.64+3.07 **f 7.710.35 ** 26.22+0.88 "

Note: ALT ; Alanine aminotransferase ; AST ; Aspartate aminotransferase ; TBIL: Total bilirubin; ALB : Albumin.
2.4.5 XTMmMASEIEIE AN 6 FiR , A% T Control £, Model 41 LDL-C . TG il TC ¥ & 2 Tt 55 (P<0.05) ,
HDL-C % 2 W) 5 35 P AR, 3R /R AR AR /N AR T AE 0 0o 1L XRS5 Model 4 AH EE , Aspirin 411 TDFE Zb 3
411 LDL-C TG F1 TC V& B #5447 [F] B B FAI%  HDL-C. v B W) 5§ 257+ 5 ( P<0.05) , %M Aspirin H1 TDFE 4b
PRAE ALY M ARG, SO e S F RO, X il B — 2 iR B . X TDFE #5754, K 3 —
R R AR 1 R 34 B TDFE St 35 n , X6F i g A 388 7 308 9 1 R b J 5, /&5 770 & TDFE A3 R /NER R
B AR R4 A R AR i e
F 6 REAIExT/ER M3 i A kT H S0

Table 6 Effects of different treatments on plasma lipid levels in mice mmol - L™!

265 e 2 L e e AV i 2 0 JOEL i e e 2 b =R R I [ e B
Group HDL-C concentration LDL-C concentration TG concentration TC concentration
Control 0.79+0.03 0.45+0.01 0.83+0.03 1.65+0.05

Model 2.23+0.31" 0.19+0.02 " 1.45+0.03 " 5.04+0.11"
Aspirin 1.43+0.14*% 0.45+0.01% 0.85+0.03% 2.91+0.05 *#
TDFE-L 1.98+0.24 *# 0.26+0.02 * #f 1.18+0.04 *#F 4.62+0.39 * ¥
TDFE-M 1.67+0.06 ** 0.29:+0.04 * *1 1.15+0.04 *#1 4.66=0.12 1
TDFE-H 1.86+0.07 * 1 0.32+0.01 *#") 0.94:£0.06 * 1 3.72£0.08 * 1

Note ; HDL-C ; High-density lipoprotein cholesterol; LDL-C ; Low-density lipoprotein cholesterol; TG : Triglyceride ; TC : Total cholesterol.

2.5 BHMRAEREAAZES
W& 4 7, Control ZH JFHIEZH 2R NS A0 T8 WA, /N 235 K4 Y 0, JHF 52 T, B A 188 L& v, /v i o
ek gk, D BRI L, Model ZH JH/N 43 FEAS W IR, 40 0 A1, 0 J5 i M VR e, A 0 T RRUER £ DL
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Fig. 4 HE staining results of liver tissues of mice in each group
A. Control; B. Model;C. Aspirin;D. TDFE-L;E. TDFE-M;F. TDFE-H.
Pk T S 165 A0 5 155 2 T4 S W20 5 355 Sk ML 48 Dok 4kt 5 155 3k IV T 48 S S 40 0 iR IR 2 5 3
Sk VR AR MR, In the figure, arrow I refers to normal hepatocytes; arrow I refers to macrophages; arrow Il refers to

granulocyte foci;arrow IV refers to hepatocyte punctate necrosis;and arrow V refers to inflammatory infiltration.
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JFAAE SOCIR IR FE, HL 0K i R PR 1, SR WD IE 1 B S RS . 5 Model A L, Aspirin, TDFE-M #
TDFE-H 41/ /N 25 A g AT VKA, o DR 20 B AR SR AR 31, Bk P A I 982 . TDFE-M 4 Lt TDFE-L
ZHWE A L%, TDFE-H 241 Aspirin 41252 %A
26 BHNMREBREBAFAZFEES

W& 5 7R, Control ZH /)N BRI A4S 25 4 175 M 7] 3%, LI ZH 2158 %8 . Model ZH /)N BRUR 8 K 1l ] ., B 12
JZ M N AT LR M . 55 Model 4141 Lt , TDFE-L, TDFE-M  TDFE-H 2 % Aspirin £ I #3575 A [H] 2
JEW , TDFE 7l , SRR &, L TDFE-H 415 Aspirin 4122 AU

A AL % z O e
Y 1P
i % z

Ny
IO A 1
| Vi N
5 RANREAHLAHE RBER
Fig. 5 HE staining results of tail tissues of mice in each group

A. Control;B. Model;C. Aspirin;D. TDFE-L;E. TDFE-M;F. TDFE-H.
[ i Sk T M # KL . Arrows in the diagram refer to the venous vessels.

2.7 TDFE £EZWUZEMH S
K H UPLC-MS £ARXS TDFE SEAT A6 2 B0 73 Hr , LM i 260 M54, 2T g im BUA —1kk 3t
B AR RT 1.00% AL EYIA 19 F (R 7). FEAHRLIT 3 R IRIIRZE, &t 36.51%, LUK
2 o— P BRIR AR BRI s RN RS, i L 18.10% , & R & 2 8K | T H I AE ; 24 &9 S,
2,5 15.76% , LIRIR A5 e A5 AR o 4 AH O SCHRHE , oo~ BRIR AN ] B HEAM ) AR JE 1, ik HAT
&7 TDFE HHEZEUZFEMS
Table 7 Main chemical components in TDFE

TR/ min B P TR T FRET  R%E/ppm 4 5 22/ %

fe3 4 Compound Retention time ~ Tonic mode ~ Molecular ion peaks ~ Fragment ions  Deviation ~ Molecular formula  Relative content
1% Valeric acid 6.083 NEG 102.094 6 101.060 2 111 CsH 00, 11.68
=TI o-linolenic acid 7.351 NEG 278.426 2 277.216 2 0.46 C,gH300, 11.61
IER% -2~ JR T Pyrrole-2-carboxylic acid 6.399 POS 125.111 0 110.059 3 0.99 C5HsNO, 727
5752 % Tsovanillin 9.044 POS 152.104 8 152.069 8 0.05 CgHg05 6.31
T Eugenol 15.310 POS 164.190 0 164.092 0 0.06 CoH,50, 572
IR Valproic acid 7.265 POS 144211 0 144.047 0 0.12 CeH,0, 3.96
FAHR Palmitic acid 7.982 NEG 2564320 255.2318 0.49 C6H3,0, 3.4
AR Nicotinate 6.145 POS 123.111 0 124.038 6 0.80 CHsNO, 3.19
T T Isoeugenol 12.070 NEG 164.190 0 164.044 8 0.10 CyoH50, 2.49
TR Senecioic acid 8.074 POS 100.115 0 100.075 0 0.04 C5Hg0, 230
XA 2 4'-hydroxyacetophenone 5.195 NEG 136.157 1 135.044 5 0.86 CgHg0, 2.24
(+)=(S)-FFIFH (+)-(S)-carvone 12.607 NEG 150.222 2 149.060 1 0.81 CoH 0 1.77
— T AERERR - 2- 1L AR - H o =ik
éljce;f?jgﬁ diiﬂﬁfiﬁiﬁ M 16.500 POS 712.060 0 713.450 3 035 CypH7504 157
BEAGHE Stearic acid 10.326 NEG 284.447 0 283.263 0 0.45 C15H340, 1.47
3- S 1 3-methoxytyramine 3.064 NEG 167.215 4 166.050 3 0.72 CoH,3NO, 1.34
2-¥35-3-F 3 T 2-hydroxy-3-methylbutyric acid 5.468 NEG 118.130 0 117.055 1 0.96 CsH,404 1.33
3 3E-2- LM BE 3-hydroxy-2-methylpyridine 1.803 NEG 109.125 0 108.045 0 1.05 CH,NO 1.23
FEIL 5 C MR Hydroxyisocaproic acid 4.157 NEG 132.167 8 131.070 8 0.87 CgH 5,054 1.13
+—P2 Undecanoic acid 11.229 NEG 186.290 0 185.153 9 0.65 CyH,0, 1.00

1 POS NIEE 5, NEG R AR,

Note: POS is the positive ion mode ,NEG is the negative ion mode.
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OB P A TG PE A LR T RE Y SIS B A PRGBS ok i A 1R
A, BT BT A SCRRARTE , D TDFE FP A - W RRAR S5 75 22 RS0 AW T eI 1 22 80 5 6 1f - R
i — 2115 PR 28 R A TR, 1 T A HE A ) AR T I VR
2.8 TDFE i MEREZES

WKl 6 s, R 4 25 BaF )5 e R G50 1 TDFE Fifi A irEFIRLET . M 156 D25 ¥HE 5 5 1 205
A IR A R Y 46 D ACER A (] 6-A) M B 220 B i SRR ECE 5 . X S sg SRR N S 1 BAR
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E 6 TDFE EE/XZ S HHMEMNEHEBENS T

Fig. 6 Antithrombotic network pharmacological analysis of main chemical constituents in TDFE
A. 51l # M5 Intersection targets with thrombosis ; B. HT L4015 Antithrombotic core targets ; C. HUIMLE A% 5 KEGG 1 1% & 4
ST 1 Bubble plot of KEGG pathway enrichment analysis for antithrombotic core targets ; D. HLIIE A OIS GO B HEAIEE GO enrichment
bar graph of antithrombotic core targets; E. TDFE“ 16 13— 4% O pi il 3% &l “ Active ingredient-core target-pathway” diagram of TDFE.
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38T (L 6-B) K3, LA IL-6 SAZ.0MX 4L, 5 MYC (‘B B4 iLIs s S ) \PTGS2 (R % MR R N i S84k 9 & Tilg
2) JICAM-1( ZHAREI G A F 1) \PPARG (i ALY B IE FEIOE SZ 1K v) S50 B 2% 1 BAE 2

HE— 200 IR T B A AR (B 6-C) R BT FEEE £ T VEGF Fl AGE-RAGE {5 5 i
R TL-6 AFAZ O A5 AT Rl o PR P i SO B R R . S L RIRT, GO Thfg i Re4s A (18 6-D) & W,
XEEH A S 5 miRNA B SR S5 Wil B, WL S 2 i A T8 T S0 S A D REARAE 5 240 32 11 I 55—
M4 (K 6-F) FWI, TDFE T #F -0 FRIR K0 R A5 22 RG24y, ik B T 10-6 KDR (%
Bt A A\ S5 PRS2 A ) (SRC (T 22 [ I R 25 1A DO Se ) 25200, e AE T g I 5 sh Bk ok B A Ak
W S T I R T 25— T A3 A% O B a5 — 15 S R DU AR TR 2

3 WS ie

AR A TR AT 5 00 M5 9095 11%) E B FRARE AR AR 5% 35 FH A1 SR 5 5 119 /0N B2 370 i A A 7R | PR G
I & AEAE R, A 5 (SR i il F A AR B, A Model 41 /0N BRUIML A & A2 %258 1009% , & W 5E 7Y
BUEEST

AT LI, P WA Bacillus sp. TD16 K BEHEHUY) TDFE 7] & 25 46 ki /N B USRI S8 iU
SR ER K AR BE SR T B A AR R RCR o 75 MR B8 BRI S R vl FH B Il 4 3004 1 0 8¢ ol 415
b, Horb APTT J2& NI PESE MR AT AT R bR, PT AN RE M S A2 0 A dehn S, TT & LRI i 34 42 i A5

Ghr7) FIB E—Fh g BN SRR R AbE ROV R Y L ARSI, M ORI AR B /N B APTT  PTTT
2SR FIB B SRR N, R EIPLIAR AL T = e i S5 R3S . 10 Aspirin A1 TDFE AbBE 5 0] 45 800056 31X —
ARZS, RO T EATAERR L5 4% 835 T BRI VE ] . TDFE AR50 52 50 (it 2 9 TDFE A ] i 4171 1)
PRI A7 U R AR A, 3 0 o R o A o BT T R g B B m AR R

RIEANT T AR BT RS AR, T £ USRI B8 Jy 350 00 38 RV 375 S A R K i 1) S MR 5, 3R
TEH I PN R A AR 1 5 21 08 R G =2 IRl A e RO AR E AR T i, A TL-18 AR T , (40
TR 28 JRE X3, R 0 it A T ") L TNF-u S PTG Ak B9 B 40 L I 400 i 7 A ) — Fof i 042 % TR
FUOT A {R kAR AL, R B TL-18 A TNF-o0 38 AT A2 aE TL-6 AR, 5 R e (9 2 8 L AR i FH £ X
SR /N UM Y 1L-6 IL-18 FI TNF-o ¥ BE 28 T 55, 10 Aspirin F1 TDFE b3 0] LUREAR 45 RAE H 19
KA, 7 TDFE T8 45 BN J7 T BT 77

MR AE A, (TXA, ) SRR AL/ ISR BTG 770 0, B RERE 5 e i /N SR A2 A2 0 1l 80 Wi | (H e
W 30 s, Wi R AN Ho RS c2 /K P20 TXB, AN TXA, S8 0 -PA PAL-1 T i P 2 4 =4, 2
M AT RSB EAR AR, AR 3 2 ) i A 1 B R K 5 R A AR 8, +-PA B RIE A 4R
IR, PAL-1 J2 2R3 B TG AL il 9y, 22 -PA E . A0 45 3 R, (A SR I A 3
Je /N BRI -PA W BEREAR, TXB, F1 PAL-1 W& EE W70 $ R ARV DI REZ il . Aspirin #11 TDFE 41/
SR -PA WREE L JF, 1 TXB, I PAT-1 ¥ FEH & R %, 2R DIBe48 AR &, 3 B TDFE ]38 1o 385 47 % &R
SR AT 8, HAEHIALE S Aspirin AHAL,

AGFFE T, Model 417N ERERI WA b (%) JHE RS 40, S DR de o S i g /K 7 2 8L 5 % IRAS . Aspirin 1
TDFE 2 ReA 205 I NE D g, HKE% TDFE 55340, JH- D Geds br A il g 7K - 18 i 42 3 Control 41, 3 W
TDFE X 46473 S i AR A — 2 B RCGEVE R . TDFE M4E B B B A0 0 A v, B0 R A B9 IR AR
WIRTRE T

UPLC-MS 43 #7452 ) TDFE H & T8 M o— WRRIR IR IS 7 2 K45 19 Fp 24kl or ., W22
PR AT EE R R W], PP 28 07 1 1 1) 1A Y6 Y7 DG HERE A 1L-6 . PPARG . ICAM-1 MYC ,PTGS2, i SE 41 ffi
W2 5508 v AR BRI R . KEGG i 5 48 A 45 2R 7, TDFE Uil i 4E FH o] G382 38 % P[]
S, F B KR BRI SRR AR DG . For ) BB  Sl Dk ok AE R Ak 38 K RT RE S A 0o B 12 I AT
P NF-kB .mTOR HH5¢ T A i , #1125 57 1k A T s i #2 . Ui, TDFE i) T & B a—
TV RRIR HRBR AN 5 2% 2245 1 0 ] e 4 35 NF-xB . mTOR A 56 (9 48 5 K i I A% 11 388 B% & 4 i i A4
EH,

ARWFFEUESE , FEZ AT Bacillus sp. TD16 (4 & BEr=#) TDFE 7€ 50 ~200 mg- kg™ (457 & [ Py, o]
A 3o 22 A R R L — A — £ U N 4%, S B A USRS T N RO F B AR JE K, 48 UPLC-MS 4y
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BT, =R S A 22 R S5 AL G W T REJE TDFE & $E 50 IMAR 16 PE A Wy SRRl FHES T2 SEdi A 254,
TDFE 19 RIRA =W, B 2 Ve R R A9V PO DL, A BB0T A o 8 B A B ¥ it e 2590
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