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Abstract: Objective A logistic regression model for grade evaluation of Salvia miltiorrhiza medicinal slices was constructed based on
the quality control idea of traditional Chinese medicines that “ingredients reflect activity and activity expresses effect”. Methods Q-marker
content in S. miltiorrhiza was tested by ultra-high performance liquid chromatography (UPLC). Thrombin time (TT) inhibition rate of
hydroxyl radical and DPPH clearance rate were used as evaluation indexes of biological activity. Correlations between quality control
indexes and bioactivity indexes were analyzed by the logistic algorithm. Finally, A Logistic regression model was established. Results The
results of Logistic model showed that 31 batches of S. miltiorrhiza medicinal slices were divided into four grades: excellent, good, medium
and poor. P values of sample grade prediction were higher than 90%, indicating the high accuracy and prediction ability of the Logistic
model. Conclusion The Logistic model based on content determination and biological activity can be used to evaluate quality of S.
miltiorrhiza and provide some reference for quality control.
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TR TR ] SEIR AN e I 2R 1 2 AR G AE

112 #F PR B (S MUST-18070503, JfiE
438 9851%) . FIEH lla (b5 MUST-17022502,
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1.1.3 Z58 AWFIE 31 S RA, Sk
H R 24 K 2 Xl ZE B4R Y e N R TR RHE Y P &
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Table 1 Collection information for 31 batches Salvia miltiorrhiza
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Acquity H-CLASS i & A il R 40 (32
ERFHATD; B B RERFIRS. FIN
HAEAEE 4. PDA Klll#5 A1 Empower 3 il
TAES; 1510 B4 KEbnix (£E Thermo 2
#]) 5 Sartorius CPA225D + Jj 52 — 43 bR 1 (4
[ 28 2 R Rt 2 A S A PR A 7)) 5 Thermo Micro
17R MR MRIEAFEE 0N (g FHEAERE R A
7)) ; C2000-A 4= H ahEE s #rA (AbE R A
AR AFD »
2 FE
21 HEREVHIE
2.1.1 XGRS ol B ER B AP
il 1A XHLIEfE, MR, BEfRGasEmE,
H R P H R B RIFFS R N R IR EEY N 0.22
mg/mL [FIRA X I8 SV, & H .

212 PEKEIERE % BURMB R GE 4 505D
2] 03 g, WERE, BEREHPRT, BEINA

HfE 50 mL, %%, FOEMR, S GE(Th% 140
W. #i% 42 kHz) 30 min, ¥, HHERE, H
FHEE AN AR IR P&, #2257, 0.22 pm flfLuEREE
o, BRI, RIA.
22 BIEEH

iRy ACQUITY UPLC®BEH Cig (50 mm X
21 mm, 1.7 pm) ; SN 0.1%FEE-/KIER (A) -
CIEHER(B); BREEVEMLSAAE N 0~2 min, 2% B;
2~10 min, 2%~100% B; 10~13 min, 100%
B: 13~15min, 100%~2% B, J5i&fT 5 min; 1&
B E 0.2 mL/min; i 25 C; Ml K 270
nm; FEREE 2 pL. o3 LA 1.

t/min

1 A3EERY (A). A5 B (B). A5l (C) RE
BxEE (D) MEitE

Fig. 1 UPLC chromatograms for S. miltiorrhiza extraction
(A), salvianolic acid B (B), tanshinone Ila (C) and blank
samples (D)
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231 RGEHAMFEE K “21.17 M “2.1.27 b
KRR R A TR, FR R 2.2 TR
TSR BIHERE 2 uL, 103% 270 nm K R UPLC
R, LR AN RN R B I R, R AR R
FHBEE By FFSEH Na 58 BEE H B S5 Q004 7 558
4 HEAR B ECAMIST 8000,

232 LMERREL IR BUR A X IS
7% 0.25. 0.5. 1.0. 2.0. 3.0. 40mL, 75 & T 10
mL =, 11 EEOKIEEEZIE, 5.
i “2.27 TR RS i, DO R TR 9 A
AR (YD, RIS (X0, iRt L.
FHBYES B 28 V5 N 30.0~150.0 ug/mL, FFEER 1A
LR IEVEFE Y 20.0~70.0 pg/mL, 2B &0k L 7 52
50 P EIR FEJE N MR R R I

233 ML TRE “2.1.27 TURN ARSI
W, DL“2.27 TR S A ARELRNE 6 Ik, 0%
RE M ANE TR, &5 R BERPHRER B. FHESR
[ A FIFE T OR B B [3] RSD 4373 /9 0.02%- 0.06%, #H
XU THI AR RSD 4371124 0.39%- 0.76%.

2.3.4 FRoEtEiEe  WRHL “2.1.27 TR AR S TR
EE, T =EEME 0. 3. 6. 12, 18. 24, 36
h, % “2.2”7 DR @G KAFERENE, DR IR
[ FNETIAR, S5 EBRPHRER By FHZSER 1A HIAH
HHF B[] RSD 4351 0.04%. 0.08%, AHX I
U RSD 43514 0.41%. 0.82%.

235 EEMRE 4% “2.1.27 TIFTERE 6 4
B I, DL €227 TUN g AR E, dk
TREGIS T FIE AR, 25 RS ER B FEZSE Na 1
AR AR RSD 4 0.19%. 0.67%, AH X4 B INF[A]
RSD 734 0.01%. 0.02%.

236 fIFEECREES 1% “2.1.27 BUR 7% 6
AR A, LR, L m 3 ANRIKCR
(80%-. 100%-. 120%) AT INFERIEME, LL “2.2”
TR RS A PATINE 6 X, SRR, FHRE B
AIFFZER Na I0FEEUZEN 101.05%. 99.86%, RSD
543514 0.16%. 0.56%.

2.4 PRAIFUEILE M E L]

241 IMEHIE  KREFIMKEUL, KA 3.2%
MR PLAE, A Shusem ksl 901, ¥
WA BELE BN, 2500 r/min, B0 15 min, HL
M2 £&H .

242 FIEZRARIIEAEE  FEFREPEZSMAR 1.00 g,
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H110.9% A BEER /K 22 10 mL, #7520 min, 2R )5
HA BB 0N, A ECHLEL 5000 r/min &0 10
min, B _EIEW, FLL 5000 r/min .0 5 min, B E
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IR -
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W, WHE 2. S5RKHL, S11 FIEREURIKR E R
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T 7E — 5 JoT 52 R 2 Y ] PN 7R A 1 T O IR i, I
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Fig. 2 Results of relationship for S. miltiorrhiza on
coagulation time in vitro
245 LMEVEHEE RIEEBCRREHEL
W S11HEHOGB A 0.9% S B S UM R 1 o Ak
4 13.30. 10.60. 8.50. 6.80. 5.40 mg/mL FI¥
W, IRy 0.8, 4% “2.43” WiJjik, 3 nliiE
WM TT, FATIE 3 R, LGP EIREE
NEARPR (XD, TT AE RIS (YD) 2l bnit
2, RIS FRBOR K & IR A 5.40~13.30
mg/mL I, TT S5hERERKLZIERR BRI, HE
JH77 RN Y=2 281.6 X+26.738, r=0.999 6. @it
MG RS, I T S11 RYZE i Bk A
B, JFKEIZ Y0 B rp e BT B 8.50 mg/mL 2N

FRCRFE LI E TT B IR
246 M X LEMXFISTTIE HREK
&9 8.50 mg/mL HIFHS Al A AR TT &
K 1s & SO LRI AL (U)o ISR S
WSS, R A B KW B i i 2=k 2 8.50
mg/mL [IFRAEE IR, 4% “2.4.3” TR J7iKIE L
E 6 1K, BB AE N IZARE S K 2

PR IR =t/(V X C)
PRSI L 2 3R TT 2B A,V ORRRAE ST
WA, C FRE IR R
247 FAWEEHRFRIE ZFEHRAHBAHE
ULEA S, SRAMEEIATION, SRR 3 NE
fL, EHE 2 W, WEBOEE (A EH. RiFELKt
AR A BETERE, BCPME.

2 H B R = (Ac—A)/As

As HIEE AME, ACRXTHREM AE
2.48 DPPH H HEFERFNE HTEERCH] 0.2
mmol/L ] DPPH ¥, EOGIRAEAH; I ECH
2.0 mg/mL 445 C (Vo) W& H, 3% X
Wk 7108, SR VETE 96 FLAR Bk TR, HL
150 pL 70%H &, A 150 uL ARlR{/E A2 E
2H; HU 150 pL 70 %HEE, M 150 L DPPH ¥
YE IR ; BX 150 uL DPPH ¥, M 150 pL
ez C (Vo) WIRIE NFsiEZ; HX 150 uL DPPH
W, N 150 pL AR IUVRAE NI E 2 . e 5 %
Ja T =i T RDEERE 30 min, KABEFRACNE 517
nm AEEFIOEECAME .. AR EE 3 ANEAL,
HE S 2 K. WIEBAKXHHEFZRIGHE DPPH
HHEFERE, BCEFME.

DPPH H HIZEERRZE =1—(As—An)/Ac

As RIEE AME, A ATEET AE, Ac X HRE
H A {H
2.5 FBIRRFERITEMN
25.1 FRsr (principal component analysis, PCA) 73
fr PCA 2Tl 2 4esidn kAT Fgesb s, faifb oy
BUNAFRZE A Tabs (RS BIZuseit- o
Jike FHMFET IR B H i 2 SRR ]
WAk, 256 IR A28 B B P0G FRAE B2 43 SRR I
FRSr. B, SR PCA EMER M ZFEN,
FERU BRI AT RIS FF . B, AndEfbAb s, S
% Simca-p 14.1 #ffh, DIHSEmREER (s E, 4
YiiETE VEAMIIE OO 37 PCA 20T, MISEIR
AR PR 2 R B R 2 Gy . PRI
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2N FERGr, RGN 83.9%. PCLIMTIHRZ
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PART 2 AN FER #r s, 19 2805 E L E
3-B. KHEEISHHr (hierarchical cluster analysis, HCA)

Jiis R BLAMRKIPIZ R AT I, IR

AW EEN N A (H1~4), HE3 TR, FIZIE
s S BRI RIS Wit S, Aest S
Mg P2 P S AR s v —2K (%
&) HYEREREM S A (A, Hith 2
BN I G, 5, K 3-C. KN,
KH PCA WK EA RS I 5.

& ® s00] ¢ 1T
iggg' 3x10° B §
=% 500 . 9
5 60 = 0 » ; = 2X10°%
% = 500 O = S
2 40 ~1000 F— ik =
i 1500 Bns. 1x10°
20 ~2000 i
—2500 e ! : 0
Com p1] Com p[2] 4000 2000 0 2000 Calculated with ward and sorted by size

t1]
R2{1]=0.619 R2>{2]=0.161 Ellipse: Hotelling's T2 (95%)
AT B-PCA BBl C-HCA %K
A-model prediction result B-PCA scatter plot C-HCA clustering result
3 AE~#ASKS HCARES PCAER
Fig. 3 Component clustering and PCA results of S. miltiorrhiza from different producing areas

252 7 Logistic [lA#EM  HAET, OAKEN g%, RHESRONGEMINKE 2 oy, 2

FURH Logistic [m] =R A 7] 7 3 i) v 24 44 B
Fr AT R 28, XA i E 1A 12
BT SeIR e, g AR P S A SR R IR HRORIR
Fi RIS IR AR AL T IS0, s
PISERRA I EZR RN 22K 5 1R
RS s 2 KRS (BUEME
Pe. BUBtmyE T , MOAR®FFUE Logistic B
SEE PP S REAN B E Ry (s EE. 4
YRETE) SRR R REC R WRIEST 2R
FERIT s AR R S R 45 R S s AT W

SPSS 20.0 %t vl H 1 % ik i€ 1 I 25 4R FF AN kAT
Logistic B35 #rfbl& 7742, PR SRR A AT
G326
3 HRES
31 EEME

0 31 #FHSFER, M “2.1.27 TR vk
& 3 AR, R R O HE A R S A
WA 2 pl, FENBAHENE, DL “22” DU E
WA TATIE 6 Ik, idig AR ], 1
SR FEM PP B 5. S5 RN 2.

2 MABRIERTEEMNELER (X+5,n=6)
Table 2 Determination of quality control components in 31 batches of S. miltiorrhiza (x+s,n=6)

i #(mg g%

JiiE s #/(mg g7Y)

Y Y

Atk B F 5w i ek T B T 5 ia
S1 57.67+0.01 1.34+0.03 S17 78.04+0.04 0.99+0.01
S2 39.26+0.03 5.034+0.01 S18 48.50+0.01 2.80+0.05
S3 67.24+0.04 7.20+0.02 S19 62.12+0.01 1.314+0.03
S4 56.42+0.04 1.53+0.01 S20 48.494+0.05 0.76+0.01
S5 76.36+0.06 4.60+0.05 S21 37.97+0.01 1.96+0.02
S6 39.58+0.02 3.90+0.04 S22 59.53+0.01 1.234+0.04
S7 39.174+0.03 5.194+0.01 S23 7.4440.05 4.631+0.02
S8 42.82+0.01 3.631+0.02 S24 9.744+0.07 7.05+0.01
S9 54.31+0.03 1.19+0.01 S25 8.03+0.06 15.51+0.01
S10 74.95+0.05 5.601+0.02 S26 9.86+0.01 8.40+0.01
S11 83.21+0.11 4.20+0.01 S27 11.554+0.01 6.04+0.01
S12 39.50+0.02 3.20+0.03 S28 10.58+0.00 6.45+0.01
S13 46.631+0.03 3.071+0.02 S29 0.74+0.00 14.57+0.01
S14 46.12+0.03 2.284+0.03 S30 2.83+0.03 0.03+0.02
S15 6.781+0.00 0.444+0.01 S31 17.02+0.08 0.04+0.03
S16 65.05+0.05 7.04+0.03
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3.2 HURMIEMNE

¥ 31 PPk “2.4.27 WUR LRI IR A
JREKREZ Y 8.50 mg/imL VAR, 1% “2.4.3” BT JT
FEMESHISIZH TT H, ~TATIE 6 k. HIE
e S S EA RO Z B, W 4.

~ 8000]

‘CD

= 6000

<\_—;

B ‘

S 4000 .

H

i 2000 H HH

5 llelliNaldal Mo kel RN,
B A A APPSR AABAAA

4 3 MASEMEYEENELER (n=F6)
Fig. 4 Determination results of anticoagulant titer in 31
batches of S. miltiorrhiza (n==6)
33 mEAMFEMNE

WL HLPFSFES, & “2.1.27 TUF ik &A4HR
A, LA “2.477 “2.4.87 TN 5iENEFES AR AN
PUAAIETE, ~PATIE 3 IR SlbFEE HERERE
25K 5-A, DPPH [ AR R LA 5-B.

A 100

< 80 _ " 5
J:\q- - = - - -
& 60
#r
%
5 40
g
XH
20
O R UL T L A L R R R A A R
BHR3B8E88 SRS aenSNYRIBeNeagH
NNV NNNNNN
B itk

80

60 &

40

20

DPPH H H#:TEBRZEI%
o
) A —

YR m—

5 31litFASEAHEERE (A) 1 DPPH BHEER
E (B) MELR (n=3)

Fig. 5 Determination results of antioxidant activity in 31
batches of S. miltiorrhizae (n=3)

34 ZFLITEMN

DL “3.17 TR A e 25 FAE LR
AR, RS ARG R (D L R
(2) « (3 . ZE L) 4 DNEHSE, kT
M NAE 4. 3. 2. 1. LA SPSS #f4%t Logistic #5%
ZHOHATRIE, SRR ERERNT.

P =exp(—85.539+0.121 X HLEEIML T7+3.845 X FF S 11a
i +1.166 X FHEER B 4 i—0.240 X i Ak peen+0.119 X
PLEAM on)/[1+exp(—85.539+0.121 X Fi#klil vr+4-3.845 X
Z a7 +1.166 X FHH R B & 5-0.240 X HLEY opeu+
0.119 X & . om)]

P r=exp(69.307-0.461 X Hi#Ell 17—12.857 X F+Z W Ila
F i +1.326 X SHER B 7 H-0.771 X HLA Ak prer—1.160 X $1i
EAb on)/[1+exp(69.307-0.461 X Hiklil T7-12.857 X J}Z:
A & E+1.326 X FHIR B £ &-0.771 X H1% M oper—1.160X
PrEAL on)]

P +=exp(118.369+1.223 X Hii Il 17-3.453 X S 11a
TE+0.642X FHIEE B #&E-5.175 X P44 opeu+0.645 X
FLEAL on)/[1+exp(118.369+1.223 X ik Ml 17—3.453 X &
il Na &5 40.642 X PHHR B 2 iE-5.175 X H1%E A peent+
0.645 X HiL &L on)]

P »=exp(—12.692-0.189 X HLHEEIL T7+1.571 X FFZM I1a
& E—1.056 X FHI R B & & +1.272 X 151k pper—0.152 X 3§
Ak on)/[1+exp(—12.692—0.189 X HikE ML rr+1.571 X S+
lla &8 —1.056 X F1EE B &8 +1.272 X H18 4k peer—0.152 X
P on)]

A FRFTZ PR B PSR N &2 A
AEEYE (BB, PrE s SR Scill
EARN AR L E S, T E 255 (P
e 1 WA e %D, BE PPN a5 R IR 3.
HE 3 7 AL, ARFEHPFZ IR P #EZI51LH] 90%
DA b, X Ud B AR A AT DU I 6] PF2 0 S5 2k
TV, Hd, REPTSH 6 MLk, RUH 64
ek, hEE 9 Mk, HRNER. MEEEER 1
N2 3R, AMERIN, ARSI R S5V € Rbr
HEEEAME, HZREFSIOFNER SRR B
KPR Na & Elle g5 RA R A 2R R,
AL AE I P2 it AR 25 1 A% vk B e Bk
i HrEE SRR R F I E 2 N .

4 THig
41 BIERHMRK

ARESLIGHELL T OfE-KS CIE-BERR /K. L E-EE

FRAK AN I - B AKAE N BB i sh A, 25 R R,
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F=3 LHAPFEHERTFNER
Table 3 Grade evaluation results for 31 batches of S.

miltiorrhiza

S e PAH | B M P {H
e s11 099 | S6 0.90
S5 0.99 | S13 0.99
i S3 0.99 i S18 1.00
e S16 0.99 H S31 0.99
e S17 1.00 H S22 0.99
. s10 099 | %  s24 0.99
R S14 099 | # S25 1.00
R S9 091 | # S29 1.00
B s4 099 | %  s30 0.99
R s1 099 | %= S15 0.99
R S20 099 | %= S8 0.99
R S19 099 | %= S27 1.00
e s21 100 | %= S28 1.00
H S7 099 | % S23 0.99
H S2 099 | %  s26 0.99
H S12 0.93

CHE-0.1% FERK I B i, 0 B R AR T H e
WA, WOk 2 B5-0.1% B /KAE AW EAHE: R
F PDA Kl #8347 A K4,  KINAE 270 nm
KN, FERAAEI oy Ve T, BRSPS, MR
i, RS 270 nm PR ALK& B E
PRI . Ak, B 5 T R A A A
X TR T DA R WS R, 25 SR ROR, MRAR
JiiE 0.2 mL/min, HBEFEE 2 uL FHEEHUT
42 MEEVEMEGELE

AR B TR, PESKIETER D B IEBR
FEBIEMI,  fei i SRR T A R
N, EEEIBIA O BRI . . F R AR
FHEOV, 2 S 6 3 3 5 o pi A A Re IR R A i
PEVEA R 2 — . HAT, TR bt e b g
T TR 2220, R BA Rk N AASL 2 Fh,
AR PS8 A fm HUE B, s AR 22 R R K
AR A SO e, B M. IR, 20 R R
D RE L&A TR A PUEARE T AR P
PRI, AFET255 DPPH [ Hi%E i 37 ik 371
PR IR AN, nge4=3% C 5 DPPH % 20
min RLIAZ|P478, 1S40 S DPPH R
W28, SO SEBRERE M Bt R, AW FiifE
TEMNA DPPH 77 7843 ) 8 30 min J& 4t — il & ¥
fi,  SRETRE S RO B AR A T AR, PRUEDN 2
(R HERf P

FH 2 B 3 W0 AL AE B, AR 58 i

RSN SD R IMIEHEAT TT e RiF FH21
PUktIMLAE /1. fESCIGEAE SRR, N KR B4
I NRIREE, R AR SR KA PR BUE . R
UESEIG4E B UERRTE, A0 A% 420 SD A R
R 2L BRI E ). SR EE R, FEsut
fR4h SD REMIE TT EA IR MEKIEH, HTT
EH5FSH &R, W 2 R AE TR R
PSR, Kk, RA TT RIS oh ikt
I3 PR 7 B A R B v A7 M
4.3 Logistic BYIEREHF

MAE RS @ A S % 1R, B — e
PRI RE 5 TR B AN A, H A
S B H50HE i N B0 2 Ak 2 BT TR B T £
B WARWTRRA Logistic [B] AR SRR FF 2K
BHR RS9 S5 R (a&E. EEe 2
(] TR G OC 22, BN P S ORI TIOill 1 5 3%
kA, HEEWHHERE T &SRR, AW
EREMR T 555, S5 KN, Logistic BT A%
FIIRFEAR UG 45 R 5 SPrah REEA —5 W
AT 5T P Jg ST AR Y A AR AR BRHMR i S R 4y 2K
P o

FBAR ALY ERRELEAZFR
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