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Research on quality markers (Q-Marker) of Shengxuebao Mixture based on an
analytic hierarchy process-based three-dimensional integration strategy and
radar chart
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Abstract: Objective By applying the previously established “effectiveness-measurability-specificity” three-dimensional integrated
strategy, the potential quality markers (Q-Markers) of the Shengxuebao Mixture (SM, 4 Ifl & A7) were systematically screened,
providing a basis for improving its quality control system. Methods With effectiveness, measurability and specificity as the core
dimensions, the analytic hierarchy process (AHP) was employed to determine the weights of each dimension. The effectiveness
dimension was assigned values through literature research combined with network pharmacology analysis, the measurability dimension
was evaluated based on the feasibility of HPLC and UPLC-Q-TOF-MS/MS detection, and the specificity dimension was determined
through the traceability analysis of compound medicinal materials. The three-dimensional scores and comprehensive scores of each
candidate component were calculated, and the regression area of the radar chart was used as the quantitative basis for Q-Marker
screening. Results Based on the comprehensive evaluation of the above three-dimensional integration strategy, six components with
the highest overall scores, which have clear pharmacological efficacy correlations, good chromatographic detection properties, and
specific prescription sources, namely paeoniflorin, specnuezhenide, salidroside, chlorogenic acid, albiflorin, and 2,3,5,4'-
tetrahydroxystilbene-2-O-p-D-glucoside, were finally selected as potential Q-Markers for the SM. Conclusion The three-dimensional

integrated strategy of “effectiveness-measurability-specificity” applied was accurate and reliable. It identified six potential Q-Markers
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in the SM, providing key technical support for the improvement and enhancement of the quality standards of the SM. At the same time,

it also offered methodological references for the quantitative identification and quality control system construction of traditional

Chinese medicine compound Q-Markers.

Key words: Shengxuebao Mixture; quality marker; three-dimensional integration strategy; effectiveness; measurability; specificity;

analytic hierarchy process; UPLC-Q-TOF-MS/MS; paeoniflorin; specnuezhenide; salidroside; chlorogenic acid; albiflorin; 2,3,5,4'-

tetrahydroxystilbene-2-O-B-D-glucoside
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) 25305 )P Q-Marker HIVE AR,
1 XFESHH
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2998 R AR FEFIRLIN &%, 35 [ Waters 22 7] ;
Waters SunFire Cig (4145 (250 mm X 4.6 mm, 5
um), E[E Waters A F]; Milli-Q 1Q7000 a4k
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G2-Si Q-TOF & 73 # F AT I o) i 4%, S
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Table 1 Results of judgment matrix for three-dimensional

core attributes, eigenvectors and weight allocation

g CAXUE T RRRE RMERE A%

R 1 9/4 5 22407  59.09
GRS 4/9 1 18/5 1.169 6 30.85
Rk 1/5 5/18 1 0.3816 10.06

R X50.100 6

A Xr0.308 5 AR Xe 0.590 9
E1 BETF=##45KBHNENTEFNRERIEEITES
Fig. 1 Radar chart of comprehensive scoring of candidate

components for Shengxuebao Mixture (SM) based on three-

dimensional integration strategy
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SRR, WA M A 4T ST & Bk 2
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2.3.2  HPLC 73 M A= i = A7) Hp A 22 5 43 (7wl

(1) foit2%ft. % Waters SunFire C g fo %4
(250 mmX 4.6 mm, 5 pm); BN ZHE-0.1%H
BRI, BRIEVEmZ6AF: 0~10min, 5%~10%Z.
f&: 10~15 min, 10%~15%Z}E; 15~25 min,
15%~20%Zfif ; 25~35 min, 20%~25% .} 35~
45 min, 25%~30%Z.MiE; 45~55min, 30%~35%
M 55~60 min, 35%~45%Z.JE; 60~62 min,
45%~95%Z.fiE: 62~64min, 95%~5%ZiE; A
i 1.0 mL/min; #EiR 30 C; KK 240 nm;
MR 10 pl.

(2) MR IERE & FILRRR. CG. 4R
R DNMERR . A2 NERTE. ATZGTE. TG. R vt
Figgsi g ]y Be xR S, B TR, i EE
S R R B BE S 1 mg/mL 6 R SIE T, 4
U B 25 B R RO B VA, L 0.22 um AL
DEREYEL, PRI ONTR AN R IR

(3) BB A RS EIAE M E A
2mL, BT HREHEBIHES, K%IMAFEE 26.7mL,
FIR T (TR 500 W. #iK 40 kHz) AbFE 30
min, FHEEANEIARIIBE, #55), Bk, BEE
W, 22022 pm FIFSLIERE ST, HUEpEw, RIf8
PR S VTR -

(4) SENE: Fah# 1 0o I o At
VATRERE 0SS T U 1 £ B e [R] S Ve T AR,
K AMRE A IE R R S R SR A
FERPATINE 6 IR, BCFSMEAE N ZR o R4 1L E
A7 SR .

2.3.3 UPLC-Q-TOF-MS/MS 4 Hr4:= L5 &7k 2
FG BRT A

(1) 8244 i H Waters Acquity BEH C s 4
A (100 mmX2.1 mm, 1.7 pm); FEIAHN 0.1%
H IR K-, BREBENE: 0~2min, 5%~10%
Z M 2~6min, 10%~20%Z. i ; 6~13 min, 20%~
40% M 13~20 min, 40%~56%Z.JE; 20~23
min, 56%~80%ZMiE; 23~25 min, 80%~95%Z
& 25~27min, 95%~5%ZME; 27~29min, 5%
NG RN 1 uL; AR EN 0.3 mL/min; 4%
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F2 HEMEEFIBEEER TSR METNE
Table 2 Evaluation of effectiveness of potential active ingredients of SM
o [ MR E - N
75 2oy 7= e [ ARUA
1 #JEPR (chlorogenic acid) Ci6H1809 540 218 290 349 - 1.0000
2 WNHEER (caffeic acid) CoHzO4 440 246 289 325 - 09312
3 HZEFEE (resveratrol) C1aH 1203 319 291 237 282 — 0.8080
4 TofrE& (formononetin) CisH1204 188 220 274 227 - 0.6504
5 HERER (ursolic acid) C30H4303 204 45 275 175 - 05014
6 K¥EMR (rhein) C15HsOs 238 30 253 174 — 04986
7 FFHEURE (oleanolic acid) C30Has03 210 50 210 157 - 04556
8 AjZ4% (paconiflorin) C23H23011 146 125 116 129 - 03696
9 REHFK-3-0-FHENET (cyanidin-3-O-glucoside) Ci5H1106 192 80 88 120 - 03438
10 45Zcpiif (specnuezhenide) C31H4017 57 48 214 106 - 03037
11 EERHEH (calycosin) Ci6H1205 88 100 125 104 - 02980
12 ZFKHH (salidroside) Ci14H2007 164 25 105 98 - 0.2808
13 J#JLEMR (protocatechuic acid) C7HeO4 141 64 78 94 - 02693
14 AKBREAF (luteolin-7-O-glucoside) C21H20011 54 133 61 83 - 02379
15 HZZEEE (wedelolactone) Ci6H1007 39 33 45 39 - 01117
16 FEHIF (astragaloside IV) C41HesO14 28 57 27 37— 0.1060
17 2,3,54-W05% — K 2 H%-2-0-p-D-Fi & P (2,3,5,4"- C20H2209 35 50 21 35— 0.1003
tetrahydroxystilbene-2-O-B-D-glucoside, TG)
18 AjZjNESE (albiflorin) C23H2s011 40 39 20 33 - 0.096
19 K#EXHE (physcion) Ci6H120s 30 7 42 260 — 0.0745
20 HIEFFA (ecliptasaponin A) C36Hs309 3 1 2 - 0.0057
21 1hZEW (kaempferol) C15H100s - - - - 56 1.0000
22 #itZ 3% (quercetin) CisH1007 - - - - 45 0.803 6
23 AJEAENBE (umbelliferone) CoHeO3 - - - - 26 0.4643
24 N-(4-F A HEE)GREER [ N-(4-chlorobenzoyl)-melatonin]  CosH23CIN203  — - - — 21 03750
25 AjZGABEC (paeonilactone C) C17H1506 - - - - 19 0.3393
26 ZhEBy C(aspidinol) Ci2H1604 - - - - 17 03036
27  ZEHE (tricin) C17H1407 - - - - 17 03036
28 3-O-HRBEPPEEE (3'-O-methylorobol) Ci6H1206 - - - - 16 0.2857
29 4hFPEE (exoticin) C23H26010 - - - - 16 0.2857
30 AREFWEE (scopoletin) Ci10HsO4 - - - - 16 0.2857
31 (1E)-1-(4-$FE-3- S FE R HL)-7- - F-1- s -3-T [(1E)-  C20H20s3 - - - - 16 0.2857
1-(4-hydroxy-3-methoxyphenyl)-7-phenyl-1-hepten-3-one |
32 FAARE (coniferyl alcohol) CioH1203 - - - - 16 0.2857
33 M(BEER-RNER) Leyclo(Tyr-Phe) ] CisHisN203 - - - - 16 0.2857
34 FEHEE (vanillyl alcohol) CsHi00s - - - - 16 0.2857
35 7EHTHHE (nodakenetin) C14H1404 - - - — 15 02679
36 (H)-FALRTHAZE [(+)-oxypeucedanin ] Ci6H 1405 - - - - 15 02679
37 (6-$dk-6-H %E-2,5- ~HM-32,4,7,7a- WU R-3H-1-FE FFIRIR-  C17H1606 - - - - 15 0.2679
3-F) IR HIRES [ (6-hydroxy-6-methyl-2,5-dioxo-3a,
4,7, 7a-tetrahydro-3 H-1-benzofuran-3-yl)methyl benzoate ]
38 3,7-FRHE-2-(4-FR -2 W BEORIL)-S5- A AL 8 R 7 -4- - CiyHaOr - - - - 15 02679
[ 3,7-dihydroxy-2-(4-hydroxy-2-methoxyphenyl)-5-
methoxychromen-4-one ]
39  ZMRI1-FA3¥RE (1-methyloctyl acetate) C11H2202 - - - - 15 02679
40 4£E¥E (acacetin) Ci6Hi20s - - - - 15 0.2679

=7 FORZSRAAE T TTiE N IR A .

“=" means that there is no corresponding data for this component under another method.
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B2 £MEATIE “FERD-BELR-KRR" WK

Fig.2 “Active ingredient-potential target-disease” network of SM

WHN35 C.

(2) it EEFHT, EEMS: B
EHEAN3.0KV, HEMHEREN S5V, ErURIRE
9100 °C, ZEHEFNAAEE R 350 C, HESARARF
WEY 50 L/, EHEAE (N AR E DY 800
L/h, FAS)E S8 650kPa (6.5bar). %R NI
BRI % m/z 50~1200 1576 . 4718 T4
AN, VM BAEREN2.5kV, FERHEHRE
NAOV, BRI N 120 C, FIHEFISAREE N
280 C, HEAAMAFFLE Y 50 L/h, 255 4E (N,
ARREA 600 L/h, FHSETIN 650 kPa (6.5
bar). ZAB I EE R A8 55 5 . m/z 50~1 200
)i . I {8 Waters MassLynx V4.2 # A4
HEATBUE R AR A B 42

(3) PV 25 A 2 B AR I A7)
ImL, B THEEHEPRS, HKEMAFE 10.0mL,
FREiiE, =i P8R (P2 500 W, 4% 40 kHz)
AbFE 30 min, FEFRE R, FHHEEAN R IR IR R R
RA), BE. ol HFERMEER 1 mg/mL, HY
FIEWRE 0.22 um FIALIERE S, HUakiguE, R
PR AT

(4) HHm A FRANZ5 B 53 Hr - K MassLynx V4.2
WA B AT A, ARPEIE. S TR T &
22 RS R B B TR RN — % S8, 5 UNIFT £
JE AR D SCHREAE T L, AT A2 B B
234  ALIAPE VRO R B —f b B S E B G

IEFRAHE AT PPl R HHE SRR 43 9 2 28 HPLC
SN 9 A A W P AT 98 v G5 — b RE S () 52
W& EHEHEATIH— M HARARIT HPLC 221
BAy s SRFSCERIRIE & R E— Al . REE
K B RAB I — A 2 X X BEAT AR UEAL AL R, H
H, X ORNFE RS, X AR RIR
R B Al .

FHEPLA 2, UPLC-Q-TOF-MS/MS JIT %52 H
) 32 A, A EIR 9 RN T HPLC &
T, HAR 23 PR RN E i, 2B
FdE: TR B 2 TR BRI = I I,
TR ST UER I 2 BT FB 0 o ZE A i g
MAEEAG, KTk, HLRE RN & &
BHEs 59 o B A7 AE [F) 43 7 AL A B ) R AR
Y, TEIDUE R A T DL ZR 0 B . N8
TN 9 Bl o G BB DL R BRI e ik
T A M AR RAFE A 2456, 5 K O
5. INMmEANE LS, MG, IR A RS
ZRPEER,  [RIRHE R X IR ST IR B
P R T B R RS, Bk
9 i oy RS AR AR 1 5 A7) Hh 2 R AT oy
B, AT LR G VP2 B SRS LA Rt
2.3.5 APV AE R DLCAEILE SR
a37“EENE” AR Z CNKI & PubMed 4%
B, I RARLE A A A R CARIE 1T
T, AEANTI VPN B SCERARYE . FECERAE |,
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K UPLC-Q-TOF-MS/MS # A% A= Ifi 5 & ik
ST AT BT, A HE 5 B IR AR B T
IR B 7B R R AR FEUE B 1 9 B2 (base peak

intensity, BPD i &, &5 B &l 3 s, ik$5“2.3.3”7
TR B e h 32 My (R 3), AfE%:
SE BN TR PR “2.3.27 T

B TR TR
14
15 27 | .
Lol Ty Aol A 2 3s i |l
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
t/min
3 IE. ABETFEATENEESTIM BPI &i%E
Fig.3 BPI chromatogram of SM under positive and negative ion modes
#=3 HMEAFFUFERSH UPLC-Q-TOF-MS/MS £ ELR
Table 3 UPLC-Q-TOF-MS/MS identification results of chemical components in SM
L W mlz w"E o e L
5 . WEMBH N TWRE SWE (X109 MEHET ZHWRET &
I 104 L-(-)-3ER CiHeOs  133.0137 133.0142 38 [M—HJ 115.003 2 M
2125 iR CeHsO7  191.0191 191.0179 -68 [M—HJ 173.008 2, 111.009 3 M
30326 HETE C7HsOs  169.0137 169.0142 3.0 [M—H] 125.023 3, 81.033 4 HAj. R, BEE
4 3.68 FE CoHeO3  163.0395 163.0409 8.6 [M+H]* 145.028 9 LT, BEE
5 3.85 FLAER C7Hs0s  153.0188 153.0193 34 [M—H] 109.028 4,91.017 6 . B4, FiHH
6 5.7 At CuHasO11 4811710 481.1753 8.9 [M+H]"  449.1453,327.108 2, 165.054 9 (47
7531 fIER Cy0HusOs 473363 14733647 34 [MAH]"  455.3525,437.3419 LiF
8 5.46 BEIEHTH CaoH3015 623.197 6 623.1943 =53 [M—H]"  461.1344,315.090 0 (EER
9 5.67 FAMARE CioHi003 179.070 8 179.0703 -2.8 [M+H]* 161.060 2 LT, BEE
10 578 £EMEHA CrHisOs 4592747 4592714 72 [M4H]"  441.2640 yiikey
11623 AZNBEE CosHsO11 479.1559 479.1542 -3.5 [M—H]"  447.1238,431.1289,357.090 1 A%
12 6.96 AHEEATZH C30H»O12 607.1791 607.1805 2.3 [M+Na]®  479.1558,327.108 0, 121.028 5 (4%
13 731 F%EHD CHssOo 6573979 6573985 1.0 [M+Na]* 635385 4,473.362 8, 423.362 5 5%
14 744 TG CaoH209 405.1186 405.1178 -1.9 [M—H]"  243.066 0, 225.055 3 (EER
15 7.59 Kty C31Ha2017 704.276 0 7042733 -3.8  [M+NHs]*  507.200 6, 165.084 6 LT
16 8.80 MM CasH32013 539.176 5 539.1737 -52  [M—H] 377.123 0, 307.080 0, 223.060 7 % 5T
17 9.18 T=HTLH CHn0y 453.1162453.1160 03 [M+Na]*  431.1328,269.081 0 I
18 9.96 LERHT-7-0-p-D-H & HEH CHnOw0 491.1196 491.1199 0.9  [M+HCOO]™ 283.062 2, 268.039 3 HiE
19 10.15 PR H C3sHas020 785.250 5 7852521 1.6 [M—H] 6232210 BRI
20 10.26 B7Ht% P CigHi007 315.0505315.0499 -1.9 [M+H]*  287.0556,259.060 1 B
21 1042 FHE B CoHio03  165.0552 165.0562 6.1 [M—H] 136.016 0 HAj
22 11.21 ity C31HaO13 7012293 7012270 -33 [M—H] 539.176 6, 521.166 0 LT
23 13.54 WERH CsiHesO14 785.468 7 7854670 -2.2  [MA+H]' 627.4112,473.362 8 I
241699 FHIEBHI CssHnO16 869.489 8 869.4833 -7.5 [M+H]" 8514723 T
25 2244 ERREE CigH120s 285.0757285.0742 -53 [M4H]"  270.050 4, 253.047 1 T
26 2256 K#EE CisHio0s 271.0607 271.060 1 -2.0 [M4H]"  225.0550, 197.059 7 MHEL
27 22.83 ¥ WG EE CoHuNO 150.0918 150.0925 4.1 [MA4H]* 132.081 3, 121.065 1 ik
28 2297 AFKH CisH207 301.1287 301.1282 -1.8 [M+H]* 147.065 1, 119.049 7 Lt
29 2450 HAGHEL C3sHeoO1s 803.370 1 8033740 49 [M—H] 641.3100, 479.250 8 LT
30 24.82 FEER C30HasO3 4573682 4573647 -7.7 [M+H]"  439.3812,411.3912 AN ik <
31 25.46 Tl CisH02 2792324 279.2316 -29 [M—H]"  261.2218 HHEL
32 25.62 RIKE CisH1406 313.068 8 313.0665 -7.4 [M+Na]®  295.0582,277.047 6 EENEYEs
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NEESLI) HPLC J7i%, i VR A0 i RS itk
A TR T B OR B I TRI B, $RIIFERE T 94
HArfe22sr, HPLC EUE 4 . fEBGE R

A l 6 9

5 ‘ 12
H 1o 34/ | 8” | '
N et N
B 3 0 |12
6 7 11|
1 “ | | 8 9 I “I
5 ‘ ‘
12 | | | |4 “‘I I
I\ L L I
‘ —— — - S M v —
0 10 20 30 40 50 60
t/min
15 LRIRs 2-CGs 3-2RJ5R: 4-WNMERR; S-ATZ5 BT 6-7724

Ty T-ARBREF; 8-TG; 9-FF e vidf; 10-M % 11-BEE &0

12-B7 055 N g .

1-protocatechuic acid; 2-CG; 3-chlorogenic acid; 4-caffeic acid; 5-

albiflorin;  6-paconiflorin;  7-luteolin-7-O-glucoside; 8-TG; 9-

specnuezhenide; 10-quercetin; 11-calycosin; 12-wedelolactone.

4 EMEEF (A) MREXEM (B) B HPLC
Fig. 4 HPLC chromatograms of SM (A) and mixed

reference substances (B)

IRV N bR A 2R, 5 sy B A 7 R AR G
REIIKRT 0.999, W 2w EA T ER . FiEERIUE
Z R (R E 258 2025 FFRRPUESIEN] 9101 AT : A
2 FEAR I ] — SR A O S 6 IR R
IS —HERE A 6 13, 23 il ) 2% K i i v
s FE RIS E — AR T 0. 24 4. 8.
12+ 24 h FEREDE s IRE RIS 38R0 HY 2 35 &2 1)
FESh 6 43, RSN EX RN, s &
TEALFR S A o

ZERNAR 4, 9 Pl s WETHIAR RS % FE RSD /)N
T 2.87%, EHEME RSD /NT 2.94%, F25EME RSD /)b
T 2.56%, HFEENSEFIIELE 97.29% % 107.99%
2. [8], RSD /T 3.9%, RIIFTETIEFEHE, BR
YRR EME R, fF&EESITER. ik Bkl
ELER, HESR AN AP E S S
&, (BN R e bR, 45 R ILEK S,
2.4 H£MEEFIUERSHFFF T

B R 2 Q-Marker LI OIEIN TR IR
Z—, HA RIGR SRS o BERT AR H b
T3 I A A 2R E, RE S 5 HoAh 24544 K 27 1)

z4 IMULBMNSEFER

Table 4 Methodological investigation of nine compounds

N Yol 5 B . z)%'rﬁi_ﬁl/ __ RSD/% ‘ AEE IR /%
(pgmL™") A EEM REr T¥ME RSD

JR LA Y=17657.0 X+595901.0 0.9994 31.250~1000.000  2.04 0.80 1.48 9923  1.77
CG Y=8941.6 X+133867.0 09996 31.250~1 000.000 1.79 2.94 1.59 103.54  1.67
SRR Y=32737.0 X—377922.0 09994 15.625~1 000.000 1.22 1.27 1.30 103.55  3.90
a7 Y=50195.0 X—434713.0 09994 15.625~1000.000  2.87 0.79 2.56 9729  2.00
APEAEET Y=9321.3X—339034.0 09993 31.250~1000.000  2.02 1.89 0.87 101.77  2.61
AJEEH Y=9832.0X—169146.0  0.9993 31.250~1000.000  2.26 1.02 1.13 103.50  3.39
TG Y=8239.2 X+3 722.1 0.9992  31.250~1 000.000 1.95 1.25 0.93 103.69  2.62
LEgniei Y=11403.0 X—3479440 09996 31.250~1 000.000 1.28 1.92 1.26 107.99 224
WL AEE  Y=26045.0 X+64532.0 09996 31.250~1000.000  0.78 0.86 1.39 102.59 176

5 EMEEFIP I HUERSWREFENELR
(X£ts,n=6)
Table 5 Mass fraction determination results of nine

chemical components in SM (X + s, n = 6)

P Dﬁtiﬁy\%&/ o Dﬁ%ﬁ\%ﬁ/
(mg-g™) (mg-g™)
AjEH 2.34840.050 | JFJLEER  0.30940.003
Rl 1.6654+0.019 | 4%JFMAR 0.1200.001
AP NEEE 1.204+0.021 | CG 0.105+0.002
TG 1.0484+0.020 | BhnmHERR 0.1010.002
WA NS 0.74610.006

G RLX 5y o AT FUIE I 500 A 2R 5300 1) U —f A
SEATTIR, KA I AT A 2 R A TR S
1T RGP S5 AR .

241 FERYEVNTIE AEEFMKEIE TCMSP,
SYMMAP. Herb S8 BUs 24545 B 838 2, Xl ikt
SO HHTRFEER R, it ib e CikiE
H 2 R AT R . AR A 43 AT R 24
TR Z , HAEAE L5 A 7 A AL 7 5
95, FRRUERK. JET BRI AR, SR A
42 I (Kinax — X)/(Xomax — Xvtin) T 555 B3 RS 5
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YEVESY, Horh X O — e B 3 AR EL, Kinax A1
KXonin 73 ) A FIT A A 328 1 73 0 B B R AT 5 /N 73 AT W e
o maAAHL M AR, R ECE )
s Rz, AR, R EVE AR
242 FRRVEIEINER T RRIUSATHE &Rk
RIS SIEVE Y, G5 RILE 6. MLE A
ERE, E R g FE R A RON iz, W
AP L ST AT 2 A IR 20 S00AE 17 s 4 Ff
A8 Fhrp b R B, L RAR A PEATATER o
I TG /AT TERMEY (W 5. K3, 38
B AT SR R, S 25
T o3 A Y B A, ol AR il 55 7710 AR 4k 7 44 1) 4
5, HA R, EE TRy A I S
7 ERFAE RV ERS 54 o

® 6 EMESFBEEEMS BTSSR IETNE

Table 6 Evaluation values of measurability and specificity

of potential active components in SM

D% RENRU%  ATPEE 28 REARTEE

AjEEF 0.234 8 1.000 0 17 09206
Ryt 0.166 5 0.709 1 0.989 4
AEG A R 0.120 4 0.512 8 0.968 3
TG 0.104 8 0.446 3 1.000 0
USHUE 5 P T 0.074 6 03254 0.989 4
ARSIt 0.070 8 0.301 5 31 0.8466
JR LA R 0.0309 0.1316 113 04127
WEPH 0.0135 0.057 7 2 1.0000
NS 0.013 0 0.055 4 25 08783
SRR 0.0120 00511 104  0.4603
CG 0.0105 0.044 7 2 1.0000
Il iy 0.010 1 0.0430 183  0.0423
KRR LA 0.009 9 0.0422 66  0.6614
TS 5 i 0.007 6 0.032 4 18 0.8942
K3 2 Ik 0.004 3 0.018 3 20 0.9048
TERIE R 0.003 8 0.0162 54 0.7249
FHURIR 0.003 6 00152 191  0.0000
fE AR 0.003 5 00149 186  0.0265

25 ET=Z#ZE5FrNEMESF Q-Marker
=R 5iFE

N AR T G SRR I A SR ) 1 B A
52k H A B SR ) Q-Marker, 1736 520 B A Rk o
W75 A B8 R I RTI 5R  t o ASHIE S A
T U= IS B O IV B, BRI 3 A
FH A0 H A S il 3 ARER O 3 T O R
TE AR I R B R0 AT U R R S 1 VPR

e, KSR YE R S HO R (E AR, 2>
AT B A 3 AN YEIE Bl .

251 =HERSIFNEAHAES Q-Marker ik
BIEIE  ESRISF R A Rk Wl &
e VEVEr i e, R 2% 1k B 5 o R DF fir
EAHSRE, 705 & B 3 ANYESE LIS -
A RAERME Xe = REACE XA RAEPEASAE, 7Tl
PREE Xr=FT 0 PEASEE X AT UL DAL AE, 45 5 1k Al
1H Xs =55 AR DR AN TH RS
Yoxt IS b BT D Jim 80 T IS AR Q-
Marker EALTHIE SR HETTFEMAE . D LR &V
DU B AR L, @A §=12X
sin(360°/3) X (XeXt+XeXs + X Xs) I H A NEE Q-
Marker FJ[RIHEIAR . it —DHiE Q-Marker 1
WERME, AT TOR A R AR TR L R Ak i 7
A A R BN R, WO SERT n ANy
(SRR L AR e 2 R TTER AR L B —
SE KT HLJE 807y B BN Tk A 25 AR, DL
FARTTHR AR N 73 B i e AT A
2.5.2 Q-Marker ik 45 R  MRIELRE1T T Hm 2K
HERE, BT 12 42 [a] )3 XIS AR 4 R AN T ik 181 73 il W3
7 MR 5. GRS, BIHEAEEDN 1.322 0X
103~0.120 46 #Z BT AR H1 K1 NHER? J5 15 R
FRIEAR S EE, /T 6 Flsesy i) AR AR 7 Eik 2] 73%
DAL, PITTIRERA 12.2%, 1055 7~11 Fsr
P TR 4.5%, ARFER 02— N
7 FERIY TR, B X AR B R PR AL PR Tk

®7 EMESFIEAFEESHOEAXEER
Table 7 Regression area of potential active ingredients of
SM

[ 5 X ST AR AR

R X Xt (X10°) %

AP 0.2184 0.308 5 0.0926 120.460 0 15.4
Frloyi# 0.1795 02188 0.0995 822410 14.1
ZLHRE 01659 0.0930 0.0852 392150 12.8
SRR IR 0.5909 0.0158 0.0463  39.1330 11.5

A MBS 0.0559 0.1582 0.0974  31.080 0 10.3

TG 0.0593 0.1377 0.1006  29.2770 9.0
CG 0.2032 0.0138 0.1006  25.7770 7.7
I S 0.066 0 0.1004 0.0995 242720 6.4
FULEER  0.1591 0.0406 0.0415 154470 5.1
W R 0.5502 0.0133 0.0043  10.1540 3.8
HICHH  0.0626 0.0178 0.100 6 9.640 7 2.6
FECRER  0.269 2 0.004 7 0.000 0 1.3220 1.3
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EER QA
+ 0.6 SEL
I —o— Lyl
I\ —h— AERE
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o— AHABHE
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— — FRJLKIR
W ERR
HCHH

— — FEHCRIR

EEagLa ATPE

5 £ MEAF Q-Marker KEVAEFRFIAE]
Fig. 5 Radar chart of regression area of SM Q-Marker

OB ERRAR, AR N 5 B2l X 27 & PR B i
MEREA PR . BRt, e SARAR 5 b 73%E il
BIE, R HAE T 6 IR N AR L A R
£ Q-Marker. 1% 6 P53 N~ 258 S R Lo vt
LR @R AANERT L TG, HAEA R
PEL AT SRR 3 R BRI, AR
B I 25 3EME . R ] 8 B A RE 77 SR I
WT7 L e, B v A LR AR E Q-
Marker, AJE L0 EARERTHR L 7R EAR
3 i

AR =44 s, Bk AHP 5
ZIRPIM R RAALE S, SEEL T X Q-Marker #Z0»
JeE 1t R A5 S RTINS AT
PRAL IR0, 12 SR P 2 A B SR U5 T A 91 ST )
277 Q-Marker BALHHRTNVEFIRR, AHEF
gaoy o3 w7 A B B e oW1 S 1| B S 4
ST, FEAE RG] N IS B R HARTE N Q-
Marker Z56 VP2 € BALIENR, 46 RIRTTIRZETA
Tff R R BRIEL,  SIEIL T AGE T TR ) o Bl A

HELL T T 23R T o 2RI A% DB AE T R
i T T Q-Marker I BEJEM:, FHKIE LR
PERIBEE U T 5% B P 22 S AR, AT A R i i
HH 11 30 e 4 T S B 2 R B TR B S T8 A
HEPYREEHF AN —TaRm 24 E . 52
BRI RS VPN U NG

FESEER N Z I, AR rTvE SR Rt 3
AN B B 4 FCAR B Ik, 73 A 59.09%
30.85%H1 10.06% - ZALE /M BLLE H 5 4 2 i &= v
Wi SIS T WA AU SO VE 3 fa B LA
SEIME R AT R, 4 —BUERK: (CR=0.025<
0.1), FIWTHFEEA R — 20k, RELSERTE.
ZREAF R, Z80HKEMEE Q-Marker ik
b AL, ARII T RS B G SR
AP E R AR AR BE R, BRI 1 1 43 ] i
I S0 T BB E & FERIEE AT &
JEFFEMELAHE , BE AR T EE, — 353t
FIRI T “Z580Fm . MmmdE. smiERm” 1
BIREDIRIEAE R ARSI RS T
SCHR VAT 52 252 2 MR B, SEEL T AE IR
AR A 2 SR SRR ) AT B R s 7R AT VAR
o, i8jid UPLC-Q-TOF-MS/MS 5E 143415 HPLC
ERIE RS G, PRIE T 5IE S BRI AT A7 5
TR SYETE R, 2T 22 50000 e 1) 5 SR U1 A 2R
-7 R L BRI B M. 3 ANGERE 2 R bn
R R EAN . BEEE, EEMET Q-
Marker §ifi % (1] RGN A R

TESIERE R E b, ABFFCRH 2T
%, DARVATACAHEFRYE, 7T 6 Frsisr i) ST
U HIAR] 73%0L b, B 7 FiEATES, & o1
TR IIA R T 7.7%, HPRTTHRA R, 4k2:3E N
BT S I S A IR Rk, K
CEOVE R, JLHIEH 6 FhETE Q-Marker, 437
WAL Bt AR, SRR BN
BEH & TG. bR 6 FEisr 4 BIRIE T B 24
(TG)~ T (R i) REZAA (R,
AHNERE). K (IHRHE. SRR, S540m
FEAHMEMA R WANTFER D= ERE. N
2R FE A A P AT, TG B B ALk 1
B O IS MU A Y, R ot m] 3 5
PETIRE MR s AT S5ATA N BT R AP,
BRI S e s AR R A PUES . ik
A SIS AU TE B R T AE R SRIERR 2 2
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SHE R R . EIR o 75 258 AR L P
Al, FERIFARR T AR I 5 A T B 2 R

5 (R EZH) 2025 SRR AT 25 RIS £
DU AE N & R 2 Fe AR AH L, A SRS I/IE 1) 6 F Q-
Marker Hiili 745K SRR A2 N &
TG4 FURHETE RS o HAN R F ZARIIAE 3 N2
M: B, BANREREAREETE, 6N
TG AT SRR TGRSy, HANAER 254
H S LE R bR E R JORTS I B T 8 s iR b,
SRAN T IAT bR UE B 2k 2 AR A3 4R 1 A
By HIR, EAMZOTIRE A BRI, AR
(S R h WS O A 5 % S S DN
FR 24 B 2 30000 S S A S A v A BRI,
T UM BAS 43 25 M VR A o0 1R DR o 45 M 48 1) =)
R B, s PN T 5 2080 O It Y 35 1 i,
PP P i m IhRE A e i
WE G S A MR A AR FRM.
WNHE DRGSR E, R EIF R bR A I
B NSRRI, B AT S T R T %
LR R 2 S . BT RS, #Y
Bk 6 PR N G B2 A LR A AR EARAEE T
VEENETR .

AT T =B A RETETR AR Q-
Marker §iii & H () T AT VS T EEVE, AN AR
IR A 77 B AR v R ER TR A T V) SERTAT I EEAR
A, WRHAMPAET Q-Marker [R50 kIR
TS AR, AR AARAE 2 R .
TEARPETEAN 7T, 32 AR 28 24 22 2% Fi0il] 15 S
BRARTE E T, B = R G0 R P A 2 R S G B
Uk, JEEENAENXTRIEH I 6 FEE Q-Marker JT /&
B[R 290 T, SRR B S A RS I TR )
BRKR,

FEA] VR4 7T, UPLC-Q-TOF-MS/MS fif
YETEY 32 PR T M 23 MR E B,
FRZER T I S AT IRAG . S EACT KB B
PREEDR R SCHR VI B 52 AN [ 7 1R ot At K
WsE k2 R mgem, Walggsl N —emzE. RE
ik, CERM 9 RS CESRE . BAMAREME
TRy, HICEDATR &S A 73%0L 1, 2 RASZ
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