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Abstract: Objective To study the spectral effect between chemical components of Salvia miltiorrhiza extracts from different origins
and their antithrombotic activity, and analyze the antithrombotic active components of S. miltiorrhiza extracts. Methods The
fingerprints of S. miltiorrhiza extracts were established by UPLC-Q-Exactive-Orbitrap MS; The ingredient differences of S.
miltiorrhiza from different origins were investigated through hierarchical cluster analysis (HCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA); Zebrafish was used as a model to determine the antithrombotic activity of S. miltiorrhiza extracts
from different origins; Partial least squares-discriminant (PLSR) analysis was applied to analyze the spectrum-effect correlation, so as
to screen out the ingredients with greater contribution to efficacy. Results It was found that 60 batches of samples were clustered into
two categories by cluster analysis; A total of 15 differential common peaks were screened by OPLS-DA between the two groups; PLSR
analysis suggested that among the 39 identified common peaks, the compounds most relevant to the antithrombotic activity of S.
miltiorrhiza might be peak 1 (disaccharide), peak 31 (neocryptotanshinone), peak 26 (tanshialdehyde), peak 34 (cryptotanshinone),
peak 39 (dihydro-crytotanshinone), peak 8 (rosmarinic acid), peak 18 (4-methyl salvianolate B or isomer) and peak 17 (salvianolic acid
B). Conclusion This study preliminarily explains the pharmacodynamic material basis of antithrombotic effect of S. miltiorrhiza by
means of the spectrum-efficacy of traditional Chinese medicine, which provides scientific basis for the establishment of spectrum-
effect related quality evaluation system, and provides data support on the clinical treatment of thrombotic diseases with S. miltiorrhiza.
Key words: Salvia miltiorrhiza Bge.; UPLC-Q-Exactive-Orbitrap MS; zebrafish; antithrombotic activity; partial least squares
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ST 5L (LS PRF7033101, 5 &40 %0>98%) MW H
B  BAEMR Rt A IR AR 435710 IR
(fit'5 PRF7033101, JlE540>98%) W4 H RS
bR R R AR A A s fE4EDYJ&ER (arachidonic
acid, AA, fit'5 D1827021) g H Liff Aladdin /A 7 ;
- H FE PN dimethyl sulfoxide, DMSO, #it5 39075)
6 H L Sangon AWM AT s BBLH I (5
MKCC7501)- Bif & LAk (L5 MKCD0957) 4 H 3%
[ Sigma-Aldrich 2 & ; 4% % X HE (#t5
B35F001200) 4 [ 5l Servicebio A #].
1.3 =4

AE AB RPE D QLR —BERK 22 B
PO KR T RAMFFE AL, RFFEE (28.0+
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A I 7K (5 mmol/LNaCl. 0.17 mmol/LKCI. 0.4
mmol/L CaCl+ 0.16 mmol/L MgSO4) HIR;FRILAH,
28.5 CHs#£ 72h, %M.
1.4 75k

A= 60 PSR GR 1D W EH L= M
HZMAZ Gy, S RE PR T e [l
W R4, INFES S. miltiorrhiza Bge. [T 15AR
K2, #weid 40 BHf, % .
2 7k
2.1 IESENERIENL
2.1.1 B2 Thermo Hypersil GOLD i+
(100 mmX2.1mm, 1.9um); M RNIEE (A) -
0.1% HERZKIEI (B), BEEEBENL: 0~5 min, 90%~
85% B; 5~10 min, 85%~80% B; 10~23 min,
80%~75% B; 23~26 min, 75%~40% B; 26~36
min, 40% B; 36~40 min, 40%~5% B; 40~41 min,
5%~90% B. AFIfE 0.3 mL/min; & 30 C;
Ky 285 nm; FEFEE 6 ul.
2.1.2 ik HEBIZEE TR (electric spray ion
source, ESD), 1E. & FRalllii=; HH#EH m/z
100~1500; #HSARFAE 1132.67 L/h; ABIAMA
HULE 283.17 L/ BAHEIRE 350 C; 4B
¥ 320 °C; WEFHEAN+3.50kV CEE 7R M
—3.00 kVH B T A0 s FH AN FullMs/dd-Ms?,
FullMs 23 %% 70 000, dd-Ms2 2}#£% 17 500.

x1 ASHRER

Table 1 Information of S. miltiorrhiza samples

Y5 s KR | T s KR
AH-0 201206 28 | SD-0 201001 (L%
AH-1 200801 28 | SD-1 191101 (L%
AH-2 200101 28 | SD-2 190701 (L%
AH-3 200401 Z# | SD-3 190301 W&
AH-4 200701 2 | SD-4 180801 (L%
AH-5 190301 28 | SD-5 190401 LA
AH-6 191201 Z# | SD-6 200703  ILU&E
AH-7 200702 28 | SD-7 201201 (L%
AH-8 191101 Z# | SD-8 201101 W%
AH-9 200501 Z# | SD-9 200101  II%
HB-0 201001 b | SX-0 191001 (L7
HB-1 201101 wdk | SX-1 200501 (L7
HB-2 200801 Wb | SX-2 191201 (Lipg
HB-3 210201 WAk | SX-3 201201 (LiPg
HB-4 201201 b | SX-4 190601 (L7
HB-5 210401 Wk | SX-5 200701 LV
HB-6 210302 Wk | SX-6 201001 (LY
HB-7 210701 wdk | SX-7 200101 (LY
HB-8 210501 Wk | SX-8 190301 LV
HB-9 201202 b | SX-9 200401 (L7
JS-0 190601 ILH | SC-0 201201  PY)i|
JS-1 201201 IF | sc-1 201001  PY)i|
JS-2 200102 YL75 | SC-2 210601  PUji|
JS-3 190401 IF | sc-3 210301 PY)i|
JS-4 200801 ILH | SC-4 200601  PY)i|
JS-5 200301 IH | SC-5 210401  PY)i|
JS-6 200101 IH | SC-6 210201 PY)i|
JS-7 201001 IF | sc-7 201101 Pg)i|
JS-8 200801a  YL#% | SC-8 200801  [g)i|
JS-9 200901 IH | SC-9 210701 PY)i|

2.1.3 NIRRT N RIS B RS R E

JLASHE . RIEHRR . KHER. DR A FHHER B.
WIHEER . PESE 1. FBRAFSE . PESEE Oa. S
S 1 %R IE R, I ) % BT RIS i
1.200. 1.730. 1.450. 1.260. 1.150. 0.950. 0.020 4.
0.108. 0.100. 1.200 mg/mL FX FE TR . AE AR
EFFS R IRIE R, N 50% H BEH) £ R Sk
FER 422.5 pg/mL KX IR RETR . KRR E 3T
OO R SR, 0 FR S B 51.5 pg/mL
(17 A BRI o
2.1.4 AR SV A

(D TR LRSS RERESSHA 3 g,
BRI, 1 95% 8 120 mL, [F1FH2EL 1 h,
MEER, FRERE, MNERARE, B, JEd,
HRSRUEME 10 mL, H AT I, RIER 72817
TR T % F

(2) T8 T4 B “2.1.4 (D7 TURE
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BRit, BEIFRGEF, N 50% 48 90 mL, [RlifE
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W A EEAT, TRIER T .

(3) Rk W4 B “2.1.4 (207 TR
B, BIRRREF, 7K 120 mL, [P 0.5 h,
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S5min, FIEROS 0.22 pm FUALIEE S 19 s
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IKFRE R BT 75 TR R
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(3) REmHEg. WE—HMSISHEN, &R
“2.1.47 TURJ7 LR L W, TR “2.1.17
“2.127 TR HT sk, 3HITE 0y 24 4. 84 124 24h
BERE, SRAERE I, THE S IEH RS ARG D)
FEXS U T AR K AE DG £ B BT 1] RSD AH
2.1.6 FRGUENEMES. B 60 HEAFSEEN, %R
“2.1.47 TR 7 iR VAT, $292.1.1742.1.27
TR A3 M 2 A EREASIN, e SR it . IR EUG Al
Bims B Eak g . RIEE NI
MV P2 Pubchem Compound VA K FF540 22 B0
JoT B A A O SCHR WS S & 22 5 2

T Xcalibur #f, AR T RERZE<1X
1075, HE5E Rk A5 5 PRI )L 0] B
A B AR S SOk B, X3RRI T e . A
X E AT
22 MM ANERR
22,1 AA XTBE I a0 JIE 21 2 M G €8 T AR 1 520
K5 72 h (72 hpost fertilization, 72 hpf) [
AB RBPEDf, NS EDOG RS T iHiE K E
W T 6 fLE, BEXIZH (0.1% DMSO).
B (AA TR 7708 200 24, 28 pg/mL),
T 1 7L, AL 15 KBS M, RN 285 C
(OTE R AE Th 4k S 9% 1 hBuE e, 2 5 LBk
T B YL OB et 15 min, BERRYLO, AR
KIBEHE 2 IR, 4% HHET 4 CHEESR. BH
BEALIZEHL 8 255 5 M 7E 58t WA N R BIUE, F
F Image Pro Plus 6.0 #C{H4 & 5 1 #0214 i
Pt AN, GraphPad Prism 8.0 #X{4FEAT FIA KTy
oM, B RBMIX s FoR, DIHE el
BRI B
222 ANFEEIKFEFF SR B0 B R ik
s B 72 hpf AB R¥E S TR FR0LF, 78
B PR R E W MBS T 6 fLIRH, L
15 %% WEXHA (0.1%DMSO0). FHAIZ (0.1%
DMSO }59% 6 h Ja N\ 24 pg/mLAA ). FAPENTEZ
(25 pg/mL Fif =] PEAREE 7% 6 h JE AN 24 pg/mL AA)D
RS 250 (45 50, 100 150 pg/mL [ FF
SRR AL EE 6 h J5 NN 24 ng/mLAA), E 28 C
FEHRREFRAE R FE 1 h, 25 FI R IR0 7 i e ikt o
et 15 min, FERRYLEIR, FHFRHIKIEYE 2 IR, 4%
ZEREWRET 4 CHEIH. AL 8 K3
AL ONEAEERAL, FIH Image Pro Plus 6.0 # 1
M LA 4 A, GraphPad Prism 8.0 1
BT REHT
2.2.3 60 fEASEIF=HP; 2 B BB A4 24 200 A
i OWET AN B BT IR 60 it
FHIRIUA JREIREIN 150 pg/mL), %43
% “22.27 WURNTTIRAL B .
23 ERGITAH

R NICia (PR Y E Y E RS € TR DN
SIMCA 14.1 AR AT E RS HT (hierarchical
cluster analysis, HCA) 1 152 i e /)s — 3fe- 4 51 73
( orthogonal partial least
analysis, OPLS-DA).

squares-discrimination
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24 IEYXEREMR

KR ER /41 F- 5 SPSSPRO, LA Hb H
SRR AR A A AR (X0, B HG
AR A G R AR AR B (YD, T WD
F[A]J (partial least squares regression, PLSR) 437,
3 #R
31 FEFER

EEEME. WBEE. etEgd, UpbET
HAZRIE, &ILFUERAHXERFE RSD A
0.16%~4.99%, AHX{REE I E RSD ¥ 0.02%~
2.45%, ULHNZIEE RV RAF, (IR %8 R AT,
FEMAE 24 h WEEME R IF, WTHTEFHS )
EEEYSEEN
3.2 IRQENERRT
3.2.1 fROEERMLE R PSR S E TR E
DLE 1, MRS S R E R R ER I A], A — 2
P AR > T B U Ry RS SR R T
5 J5 55 R RSO B B X, R 39 ME
H1, WK 2. ARSI NNbRIE (U6 400, THE
39 AN A U PR A K U THT AR B

A

I E v \L\f 12

M .,wxm,._.h‘_._ﬁv"‘.nl;‘.. TLN | S

o 5 o 15 20 25 30 35 40 45

t/min
B
<1 17_)‘ L_
40
<3
07 i 23
5 6 7 16| 18 '
AN ML b e
I e e e s [ B L B B L
0 5 10 15 20 25 30 35 40 45
t/min

40235 TH (AR
40-arctiin (internal standard).
1 E A 2 B) BFEATHSRERMEBTRE
Fig. 1 Total ion flow chromatograms of S. miltiorrhiza

extracts in positive (A) and negative (B) modes

322 HCA 255 4% 39 AN LA U IR AT U T AR (E
ENZ &, S\ SIMCA 14.1 ¥R triet, R
HCA, 60 fILFFFEMEEN 2 28 (B =100, [R5
WD, vy Wb, B TR RO 3K,
WZR. WHEA—FK (E 2D,

3.2.3 OPLS-DA Z5%  Rothsl&EAE =2
FEMZE R e, X B, YEoR. Wb R,

tFEFPUI 6 ASF=H S FSFE iE4T OPLS-DA.

OPLS-DA H& B A] LAMSEFEA 2 1] (1) 22 57t e R AL, LA
EREARZ A Z R0, BE 3-A 7] I, SR
WAL G 2B Wb LA TS (A 4D
AR, AR P (B 4 i3
IYARAELEM, W] A 4L B A7 i FE AL S )
FAE—E M ZE S, SREDIE R 8K
2B ELE (variable importance in projection, VIP)

BRI ED VIP [ >1 (AR &, l% SRR E
WA, BT ) VIP E LK 3-B, VIP KT
1 MAZEAR 154, 0lhE 9 (15,16-—&E &=
fE B). U 18 (4-FEEPHMPRMAE B Bm 41K ), U 8
(KIEFRR). 1§ 15 (FHRE B [F 7 k). g 17
(FHBEE B). & 14 (FHRR A ). 16 (FF
TR AD. I 4 (FFB 2. 163 (WIHERR). 1§ 2 (L-
RNEIR ). 1§ 7 (saprionide). 1§ 6 (FHBR F)

g 38 (FFBE A 1§ 13 (FFSEEE 1 ML F 557
Rt Fg 5 (LA, BATZX 7 A 4081 B 4H
BONFHORIAS B, ATHBHENN 51 2 HPH 2SR
3.3 AESRIUWINMMEHEERR

3.3.1  AA GFBE A0 JIE 214 i G €0 THRR (1) 52 i
HE 4 nfan, SeRALE, AREERER AA
SB35 DSt JIE LA B G (0 T AR S 2 2 el )y (P<
0.001), AL 24 pg/mL AA 1F N EAR AT .
332 AR RIRESFSIRI0BE D 2§k
MmAEfEem]  HE S %1, AA B SEBEE MR
MR, RINSSTRALE, AA A OHE
LN G T AR 2 B /N (P<<0.001); PHAEXTIEZ
B =] VAR F0J5 » 0o I 21 411 B e £ T AR S5 25 4 K
(P<<0.001), F&HEHBKIAL I Gk, KR L
X T AA B FM IS RASEEER: P2
(50~ 100+ 150 pg/mL) ZHLCo 21 41 it e s I AR S5 A%
AU A L2 B 351K (P<0.05), H 150 pg/mL 13
PRI B i Bk AL 1) Ac VR F Bt MOEFE 150
pg/mL PHE$ERWIHEAT fa SE B AR A FH 5256
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Table 2 Results of common peak analysis in fingerprint of S. miltiorrhiza extracts
o . XA TRE nz)  RE .
g Rl 1 w/min AE Sl (X109) MS/MS BT
1 C12H22011 0.86 341.1078 341.1081  0.88 179.0548 [M—H]
2 LRRER CoHuNO2 135 166.0863 166.0856 —4.21 120.080 7 [M+H]
3 UmAEER” C9oHsO4 142 179.0339 179.0334 —2.79 135.043 5, 107.048 6 [M—H]
4 PIFE CoH100s 149 197.0444 197.0440 —2.03 179.033 4, 135.043 4 [M—H]
5 JE LA C7H603 2.50 137.0233 137.0229 —2.92 109.0279,93.033 1 [M—H]
6 PR F C17H1405 5.92 313.0707 313.0710  0.96 269.0815,159.043 7,109.0279 [M—H]
7 saprionide Ci16H1404 5.96 269.0830 269.0814 —5.95 254.0573 [M—H]
8 KIEHIR CisHisOs 1122 359.0761 359.0764  0.84 197.0441,179.0336,161.0228 [M—H]"
9 1516-—FS & "W B CisHis0s  11.69 3151227 3151207 —6.35 297.1104 [M+H]"
10 FHIAEE G CisHi207 1240 341.0656 341.0642 —4.10 323.053 8,295.059 1,277.048 8, [M-+H]"
249.053 6
11 KR CyH2012 1252 539.1184 539.1159  —4.64 341.0654,269.081 8, 181.0496 [M—H]"
12 B Rk C7H2012  13.89 539.1188 539.1183  —0.93 323.0549,269.080 8, 181.048 7 [M—H]"
13 PR AEFS R CioHo0s 1393 313.1434 313.1407 —8.62 295.059 1,285.074 8,267.064 4 [M+H]"
LiAkuN
14 FPHEE A FHMA CaeH22010 1424 4931129 493.1125 —0.81 313.069 3,295.060 5, 179.034 0, [M—H]"
135.043 7
15 PR B [ JHE  CieH30016  14.69 7171450 717.1428  —3.07 519.092 6, 339.049 7,321.039 6 [M—H]
16 FHHEE A” CasH22O10 1475 493.1129 493.1132  0.61 313.0710,295.060 1, 135.043 4 [M—H]
17 FHHEE B C3H30016 1595 717.1450 717.1448 —0.28 586.4407,519.092 5,446.524 6, [M—H]"
339.0504, 321.039 6
18 4-FILPIHITRNE B 8% Cs7H3O1s  17.52 731.1607 731.161 1 0.55 533.109 1, 335.056 0 [M—H]
ikuN
19 HREFR B FNS CosHaaO12  17.56 551.1184 551.1192  1.45 353.066 1,339.049 0,321.0396 [M—H]
20 WHESISE/E A CisHiuO: 2669 279.1016 279.1016  0.00 233.096 0, 190.077 5, 169.064 4 [M+H]'
FHZ1
21 3-BRIEHRSISBE  CisHiuOs  27.17 295.0965 295.0957 —2.71 277.0855 [M+H]'
22 P& s CioHisOs  27.35 311.1278 311.1270 —2.57 293.1164,275.105 5 [M+H]'
23 1S-hydroxy-anhydride of CioH200s  27.50 327.1227 327.1230  0.92 283.1335,239.143 2 [M—H]
16R cryptotanshinone
24 “E SR TS Ca0H200s  27.72 341.1381 341.1382  0.29 295.133 1 [M+H]"
25 tanshinol B CisHi604  27.82 297.1121 297.1120 —0.34 279.1016 [M+H]*
26 FI&HE CioH1604  27.84 309.1121 309.1112 -291 281.1164,263.106 5,235.1105 [M~+H]"
27 FESIFSE N EEST  CioHo0:  28.04 297.1485 297.1481 —1.35 237.090 6,223.111 7 [M+H]*
ikuN
28 23-LE SIS La CioH1603  28.07 293.1172 293.1171 —0.34 275.106 8,247.111 7 [M+H]*
29 ZESHSHE T CisHiuOs 2833 279.1016 279.0992 —8.60 261.0889,233.094 1,205.0995 [M-+H]"
30 PR CiHi207 2835 3172110 3172108 —0.63 299.200 1 [M+H]"
31 kR FZN CioH220s4  28.38 313.1434 313.1428 —1.92 269.1530,213.090 9 [M—H]
32 AW CisHisOs  28.71 281.1172 281.1163 -3.20 263.1058 [M+H]"
33 MSEBRW B Ca0Hi1s0s  28.75 339.1227 339.1206 —6.19 279.099 9, 261.089 4 [M+H]"
34 [RSHSEE" CioH2003  29.67 297.1485 297.1488 1.01 279.1384,268.1100,251.1431 [M-+H]"
35 FHZET CisHi203 2978 277.0859 277.086 1 0.72 249.0910,221.096 2 [M+H]*
36 MIEZE C0H2s02  30.00 301.2162 301.2153 —2.99 241.1584 [M+H]"
37 B LA CioHisOs  32.04 2951329 2951320 —3.05 277.1216 [M+H]"
38 FHZH A CioHis03 3226 295.1329 2951331  0.68 277.1225,249.127 4 [M+H]*
39 —ERBFHSEN CioH2203  32.82 299.1642 299.1643  0.33 281.1542,253.1583 [M+H]"
ST 5 0 R LR A

* identified by comparison with standards.
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Fig. 4 Effect of AA on staining area of red blood cells of
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SRR #P<0.001; SHBIALLE: “P<0.05
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5 FAEREREASRIINRD & CHIMEREERTIE (Xts,n=28)

Fig. 5 Effects of different concentrations of S. miltiorrhiza extracts on staining area of red blood cells of zebrafish hearts

(Xxts,n=28)

**P<<0.001.

#z3 60 {HtASEBWIMIMSIER (X+s,n=8)

AL FREIUCAR 50

100 150
PSR/ (ug-mL™)

Table 3 Antithrombotic activity of 60 batches of S. miltiorrhiza extracts (X s, n=28)

S5 ’éﬁﬁ JC I 2T 4 i e £, 71‘HX$DHE£I?B1H’@ Y] ’éfﬁif JC U 21 4 i e £, *ﬁxj@ﬂ&éléﬂﬂﬁ@
- Eike TH A/ um? ARSI - Bkl TH A/ pm? Yo R

Xt e — 4338.88 +87.34 1.000 0 FFSIREY JS-9  3014.57+201.61™ 0.694 8

A — 717.10 +39.96"# 0.165 3 SD-0 3549.07+187.12*" 0.818 0

R =] UG A — 3306.85+172.30"* 0.762 1 SD-1 3 828.32+314.54*" 0.882 3

FEFSIRY)  AH-0 2710.79+£119.92"** 0.624 8 SD-2  3639.63+177.87* 0.838 8
AH-1 2940.07 £179.98"** 0.6776 SD-3  3256.00+£129.43"* 0.750 4
AH-2 2784.14+£212.85 0.6417 SD-4 3392381419574 0.7819
AH-3 3339.16+158.65"* 0.769 6 SD-5 3727.68+170.17* 0.859 1
AH-4 2828.29+172.20"* 0.651 8 SD-6 3 106.85+190.25*" 0.716 0
AH-5 2775.94+145.75** 0.639 8 SD-7 3517.59+212.81*" 0.8107
AH-6 3009.59+381.51™ 0.693 6 SD-8  3420.88+185.40"* 0.788 4
AH-7 2 969.93 £293.77 0.684 5 SD-9 3517.62496.50"* 0.8107
AH-8 31064317571 0.716 0 SX-0 3047.15+245.61" 0.702 3
AH-9 3038.36+121.45"* 0.700 3 SX-1 2851.14+204.25*" 0.657 1
HB-0 1377.56+92.51* 03175 SX-2 3 645.60+249.24*" 0.840 2
HB-1 1642.74+125.77" 0.378 6 SX-3 3070.68+207.62*" 0.707 7
HB-2 1 968.66 = 166.84™ 0.453 7 SX-4 3 12837+265.48* 0.7210
HB-3 2452.30+42.80"* 0.5652 SX-5 2997.77+163.36" 0.690 9
HB-4 1 74636 £73.57" 0.402 5 SX-6 3298.86+180.13"* 0.760 3
HB-5 1627.55+71.58" 0.375 1 SX-7 2646.34+131.61*" 0.609 9
HB-6 1 660.55+146.28* 0.3827 SX-8 2968.64+208.73*" 0.684 2
HB-7 2796.96 +166.09** 0.644 6 SX-9 3330.19+137.65* 0.767 5
HB-8 1 703.48 £102.88" 0.3926 SC-0 1791.65+103.90* 04129
HB-9 2265.96+69.39"* 0.5222 SC-1 1889.98497.99"* 0.435 6
JS-0 3288.80+211.57** 0.758 0 SC-2  1646.60+48.18 0.3795
JS-1 3314.984+219.50"* 0.764 0 SC-3  1930.13+104.80*" 0.444 8
JS-2 3191.344217.94** 0.7355 SC-4 1868.08+38.43"* 0.430 5
JS-3 2 685.77+£260.61** 0.6190 SC-5 1691.944+62.10* 0.3899
JS-4 2712.32+251.85"* 0.625 1 SC-6 1971.07+140.27*" 0.454 3
JS-5 3501.32+200.67"* 0.807 0 SC-7 17509946231 0.403 6
JS-6 3291.41+178.45™ 0.758 6 SC-8 1653.62+56.56" 0.3811
JS-7 3 538.82+422.36** 0.815 6 SC-9 1865.83+91.92"* 0.430 0
JS-8 3285.78 +£273.40" 0.757 3

HXTHA L #P<0.001; SEALILE: "P<0.05 TP<0.01 ""P<0.001.

##£P < 0.001 vs control group; "P < 0.05

P <0.01

ok

P <0.001 vs model group.
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