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Abstract: Objective To establish a Logistic model for quality assessment of Carthamus tinctorius based on content determination
and bioactivity. Methods A method to determinate hydroxy safflor yellow A by using ultra-high performance liquid
chromatography (UPLC) was proposed. The activity of anticoagulant was reflected by thrombin time (TT) and the anti-oxidant
activity was expressed by scavenging ability of hydroxyl radical and DPPH radical. Later, a Logistic model grade evaluation of C.
tinctorius was constructed based on correlation analysis between content and biological activity Logistic. Results The constructed

Logistic model had outstanding stability and high prediction accuracy of grades and it divides 19 batches of C. tinctorius into four
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grades. Conclusion The Logistic model based on content determination and biological activity is applicable to assess quality of C.

tinctorius slices and provides some reference for quality control.

Key words: Carthamus tinctorius L.; Q-marker; bioactivity; grade evaluation; Logistic regression analysis; UPLC
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BB, R, WL, mEsdt, wkeE, MEE, 4
O &, ERNEMAERARS, ARG
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Table 1 Samples information of C. tinctorius slices
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MR AR AR &SGR IMA — kRS
KA (b5 181201, VL3 FEMEEST H WA RA
Al Ds 0.9%FAENTES -
1.1.3 Zh¥ SPF %% SD KRR, A& (240+
100 g, T RAEW LIS ARA T, shPvr
AMIES SCXK (JI]) 2015-030, 475345 i i {47
e (22£3) C, MXEEA (50100 %, HH
PR E .
1.2 &5

R E RO S RS0 (Waters /A7 ACQUITY
UPLC, GfE— ulmEER RS FIN Hahdt
BHZS. PDA Rl 25 A1 Empower 3 Bt TAEUL);
B 0 A RSP (f [ 28 2 ) i B 22 AR A R &
F]); KQ-300DE Ryl g sy (Rl
FAEARATD; B (E[E Thermo A F]D;
C2000-A T84 EH Bk ML A M40 4 E Bt 4 47
BCMAA (b5 R A #s B R 2 7] )5 Thermo
Micro 17R fEARIRA A B Ol (3€[E Thermo 2
"]D; HPVER KIS (EERHMESL R EA R A
A]); FW-1000AD =i 5 Gk e bl CRIEEZZ 158
AR AFD; HE KK,
2 HESER
2.1 HSYA ZENE
2.1 WIS H S IR R E 2
2015 4ERREN), B HSYA SR SEE, %R
SE, N 25% I EEHI AR 0.13 mg/mL HSYA ¥
HIFE
2.1.2 BRSBTS S R (R EZ )
2015 FEROTEN, AR (GF 3 55 2104
g, WEEME, BREHBIMEE, HBEINAN 25%H
f¥ 50 mL, FROEME, EALHE (ThE 300 W,
% 50 kHz) 40 min, 4, HFERE, H 25%
AN ORI R, 85T, e, HUSRIEW,
HIFEN
213 @it SRH ACQUITY UPLC® BEH Cjq
(50 mmXx2.1 mm, 1.7 pm) EiEFE, WEIAAN 0.1%
R 7K (A) - (B), FBREEBEMARET
0~2 min, 2% B; 2~20 min, 2%~98% B; 20~25
min, 98% B; 25~27 min, 98%~2% B; J5i&7T 5
min; AFWE 0.2 mL/min; FE 30 C; MK
403 nm; BEAEE 2 pL. ISR LA 1,
2.1.4 RGUENPEFE R A WO IR AT L
B WAS 2 ul, 4% “2.1.37 TN ik gy kit
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Fig. 1 Chromatogram of hydroxysafflor yellow (A), C.
tinctorius slices (B), and blank samples (C)

ITMGE, FEMLEAT N &I E R SRS HE R
PRChE, DRI AR ] 5 S A AT A S
2.1.5 KHR (LOD) AIE&MR (LOQ)  LIM
PEFE ORI 5, BRI FEARFAR HSYA X HE
MO, TR “2.1.37 TRtk AR RE,
S/IN=3 {5 LOD, %I S/N=10 {15 LOQ. A&Jj
¥ LOD 4 0.63 pg/mL, LOQ A 4.11 pg/mL.
2.1.6 FEEEERLS  FEEE “2.1.17 TR XHE
AR, % 2,137 TR G SRPRESIE 6
R, IO OR B I R AT T AR . 25 SRR 7 5 R
LREFR[E] RSD A 0.03%, UEMAL RSD A 1.12%.
2.1.7 EEMHRE % “2.1.27 TN AHK 5
TP 6 A Bl A, R S IR A
W, 1% “2.1.37 TR AR 2, DR
B AR R 8. 45 RN REE B A RSD N
0.22%, &4 RSD A4 1.54%.

2.1.8 Fam g H “2.1.27 TR AR R A
EE, 2T =EEME 0. 3. 6. 12, 18, 24 h,
% “2.1.37 TUN A & AR dE AR, 1S OR B N
[ AU AR . S5 R OR I [H] RSD A 0.28%,
WA RSD A 1.86%.

2.1.9 SRR AR E OO E TR bR R
SEEMAIERES 3 7, K. . & 3 MR
T7KSF (80%- 100%- 120%) AT B 2, B
“2.1.37 UM IS FA-FATIE 6 IR, 10k IEmAR
HAFE IR ESCE . 55 3 AKPRSE ENCE
7£ 99.23%~101.41%, RSD /N T 2.0%.

2.1.10  FEMIE PL“2.1.27 TR vk AR
MO, LA “2.1.37 TR B K 4FAT I E 6
W, SRR, ZAMRETH R SR M HSYA
T H, SR IE 2.
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=2 19#t4I1EF HSYA B8 (X L5, n=6)
Table 2

tinctorius samples (X L5, n = 6)

Determination results of 19 batches of C.

%' HSYA/(mg-g ") G HSYA/(mg'g ™)
Sl 41.4440.03 Si1 23.5840.02
2 0.0440.00 S12 23.0540.04
S3 44.46+0.04 S13 38.1540.08
S4 41.80%0.10 S14 19.68+0.07
S5 45.54+0.06 S15 47.9940.06
S6 38.804-0.03 S16 10.75+0.03
S7 40.0410.07 S17 30.1840.05
S8 29.9740.03 S18 33.1540.04
$9 34.45+0.03 S19 40.710.02
S10 18.17+0.08

2.2 iRSMUEIMAYE MEM N E

22,1 M & AERRIREUR RS ESIKL 9.9
mL, KA 32%MMB RSN (4 i ot 5 L4
91 1) Pk, KMo EAERLEN, 2 500
r/min, 2.0 15 min, B EVESF.

222 ZAEFERMRTALEE  EZfeRR (i 3 5
i) 212 g, MEMKE, BTHIEMY, N0.9%4%
FEERIK 100 mL, #EAEAE (hFE 100 W, 50
kHz) 40 min, JEIL, KIEHE TR KPP ET,
TN 0.9%4FEE K 5 mL, #7 20 min, B3 000
r/min &0 15 min, B EIEWR, B AE R EUE
W KA 0.9% 4 3 3 K A B R R IR E N
0.120 . 0.096 . 0.077 . 0.061. 0.049. 0.039 .
0.031. 0.025. 0.020. 0.016. 0.013. 0.010 g/mL
MR, & H .

223 TT Ml BUmAESGA, fEEmA
M2 90 uL, 43 AINAAS A B S E AR 50

B IRERRREL
60
50-
s
[_4
404
+~TT-1
+TT-2
+TT3
30
0 0.05 0.10 0.15

JREHE (g mL ™

uL, FHAEZNMENSONE TT, LRIEN & A
PE, WERAE 4 h N5ERL BRI AR ORAT AT B
224 BACRRMFES KEWRR “2227 BUF
TR, 4% “2.237 WF J7 0l E & 24 1
KW TT, BAFREREPATIE 3 IR, ERIE
3 2,

RI ALMEINT TT HE 1 REBKRAER
Table 3 Inspection of dose-effect relationship on TT in

vitro for first time of C. tinctorius samples

K (g L
2 3
0.120 60.22 62.34 61.41
0.096 55.16 57.66 55.63
0.077 51.41 50.47 49.22
0.061 47.19 46.88 48.13
0.049 43.75 42.66 44.53
0.039 40.00 40.94 41.09
0.031 38.44 39.06 39.22
0.025 36.72 37.19 38.59
0.020 3531 33.59 37.03
0.016 35.31 35.47 35.00
0.013 34.69 34.53 34.22
0.010 33.91 34.69 36.09

WMIEFE | REBARZEENE R, EH
0.077+ 0.061. 0.049. 0.039. 0.031 g/mL £l
W, 4% “2.2.37 TUR AN E &M TT,
BN E IR EFATIE 4 IR, HEATH 2 IREWOKR
ARiEE (2.

A 1 IREMCRREHE R, A&

58- B2 REHRREL
56
54|
52
50-|
48
46-
44 —TT-1
42 —a-TT-2

——TT-3
407 —TT4

TT/s

38 T T T T ]
0.03 0.04 005 006 0.07 0.08
JREHK (g mL ™)

2 ORI TT HEMEREER

Fig. 2 Inspection of dose-effect relationship on TT ir vitro of C. tinctorius samples
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W BRI, At fE AR, HARA
AR/ ;s ML EWE KT 0.031 g/mL
I, BEAE TR RIE R, TT th R4MEKE
Ho HH 2 KEMKRALZRGRTH, TT 5
0.031~0.077 g/mL {50 a1 47 75 B 2 11 77
EHHE, H 4 RMESSRES MR

225 AMEHESE WMIEEBCRNHE L
R, BACTEEUR A 0.9% 4 B #h K AR BT IR
BN 0.077+ 0.061. 0.049. 0.039. 0.031 g/mL 1]
W 42237 BURJRENE &R TT,
BAPTEWREATIE 4 K, LAWK A
AR (XD, TT E PR (YD 2 b5 dE ih
4, LRMETTRERIAR G RN 4.

x4 RERES TT 2EMEMEXRERER

Table 4 Linearity test results of Mass concentration and TT

et r

Y, =288.94 X+35.365 0.999 9
Y,=289.71 X+34.917 0.999 9
Y;=341.08 X+29.891 0.999 6
Y,=372.88 X+27.029 0.999 6

& 4 B, ACTRBUE PR EIRELE 0.031~
0.077 g/mL B}, TT SLACHERGRT AR R 2%
KARE, VAT R REISHE 0.999 B E.

2.2.6 RMEIES KBTEIKEN 0.049 2 g/mL
LT RAE 2 (MR E) TT 2K 1 s @ XA 1A
AL (U)o EXLLAEIRBUR W, FH A B 3K
FERF B E N 0.049 2 g/mL WIARdEE R, %
“2.2.37 TR ITERIESNGE 6 Ik, HCFBMEAE NiZ
HEAE S B o ZLAE 1 R = SE K4 I g (%) B[]
JREIRFE X0.05). FHORL AL TT &R (A
3-A),

2.3 DPPH BHEAEMREANE

ST, SRR 96 LR Lk
1TEEME, B 150 uL 70 %HEE, NN 150 pL fFMHR
YERZSE4: B 150 pl 70 %FHEE, hiA 150 pL
DPPH #AE XTI ; HL 150 pL DPPH ¥V,
I 150 pL 4E24E K C (Vo) RWAEAbRIELL; B
150 uL DPPH ¥, NI 150 pL AR AE NI &
Ho MFEERUE T 2R FEJEFFE 30 min, I
PRACE 517 nm ARG REE (4D fH. BEAFE M
wWHE 3 AR, EELE 2 K. RELAKITHA
TEHBOR Y DPPH [ iR,

DPPH H HIIERFE=1—(4,—4p)/A.
AN EEDR AE, AGNTAEN A1H, A NXRE
1 A8

FHIRLAE DPPH H AR ZE ILE] 3-B.
24 RBBEEBREFENNE

A% 1 IR B el B 70 & U B P AT R A .
MR E 3 AR, EERE 2 K. REA
AR AT IOR I B HIETERRE

R E HIEERE = uw—A wi)/A

BHORLAEFR H AP 78 R ILE 3-C.
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nunwnwvnownwnowmnwnn
c
50
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B3 SYEMUNESER (x+s,n=6)

Fig. 3 Determination results of bioactivity (x+s,n=6)
2.5 AR RFRITN

2.5.1 PCA KEEHHT PCA R—FHkREREE
B JER STk . Hor il B EE LR A BR
Bym AL B T+ A B T ERE R
S U7 22 00 BE R R AEAE RIS () &5 8 B Ry
FINEL. RGEZE M (cluster analysis, CA) X
PREEFEI T, Jed “WRARER” JE 58 H ) 77
K —MZ gt ot diik, TUREREARZ
ANEAR, BB EREARRAAERSER KR, €
FRABLEE & B 3R 5 B — AN 7y R B, AHALLEEAR
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EEE B — N KI K AL, ERHEA B
RETEE, M FRRE .

PP R EE AT X 55 B bRt bR
Ja, SN Simca-p 14.1 #A, LA R ZRE M
WHE (XD 34T PCA. MAF BB 5E B rh 42 s
WERRERZMNERD . HHEXREHME R 15
FIRFAEME . 7 ZTTERE (RYy) A E By 2 o1k
o T 2 AN TR B E B 84.6%.
%1 ERUr (PCD TTBREN 60.9%, G&ZE5R
BEmRZ, UWIHBAMERE IR (B 4-A). B
Bl 2 AN FRor A, MRBEURE (B 4-B) IF

A i iR
0.9 Ll

compl[1]

comp[2]

mm=
HEREEEES
oo —

3000

2 000
oMl P
fore .

1000 w

0 '!” o |

t2]

~1000 S—
~2000
3000

—4000
-8 000

.;400b_."-- .O.._ Pl 400b_..._ -

t[1]
R*X[1]1=0.629 R*X[2]=0.201 Ellipse: Hotelling’s T2 (95%)

C DEEN!
W2
W3

H4

[or=— J:
0 01 02 03 04 05 06 07 08 09 1.0

HIL 2

AT B-PCA #UiEl  C-HCA R
A-Model prediction result B-PCA scatter plot C-HCA clustering result

4 PCA 5 HCA HiER
Fig. 4 Results of model prediction, PCA scatter plot, and
HCA clustering among 19 batches of samples

X S HEERRAT HCA (] 4-C). 19 HLLAEFEAY]
Bt B . Z44 G 1~4), S5R%EN,
KH PCA W53 Kot A B T g

2.5.2 @ ZAE Logistic FIHEM  Logistic [A]
A E R AR AN, UEHEZREM
DDA A% B R 2R 40 A o SR 2L AR BORHK Fr Jog & 1) A
REZ N 2K B 1 REFEMPWEE; 6
2 RRAEYEME NPT S PrEEME. B
T R AR Y (1) F T RN S B B o 2 H A O
g, Fik, B By . Z00E 4. 3.
2. 1. R Logistic BV &FEAXS B 5
K& (HSYA & &. TT. DPPH K¥# H HEiERK
2) HRER (WRBAE ZRIMERBLR. #
B E fa bR AR N e I 2R 5 1) AR TS, DA
SPSS #AFSEHL Logistic B S KM, 15 I
RREXWT:

P yx=exp (—192.110—0.205 X FL5E A pppu+2.291 X FL4K
b ou—1.952 X FL#E I 11+ 6.164 X HSYA 75 & )/[1 +exp
(-192.110-0.205 X Fi A pppu+2.291 X PLEA oy—1.952 X
PRI 1r+6.164 X HSYA & )]

P u=exp (—178.213+0.165 X FLEA pppi—4.718 X FL4K
b on+4.885 X HLHk ML r+ 1.126 X HSYA 5 &)/[1+exp
(-178.213+0.165 X HL & Mt pppu—4.718 X FLE M o+
4.885 X PL#EIM +r+1.126 X HSYA & &)]

P p=exp (—132205+0.165 X HUEEH pppy—2.038 X HUEEI ot
0.075 X ikl 11—4.968 X HSYA & E)/[1+(~132.20540.165 %
PUAAM pppr2.038 X LA o +0.075 X Pt Ml 11—4.968 X
HSYA & 8)]

P x=exp (-25.641-3315X HiZAUL pppyy+3.87 X AL ot
2.027 X Pt #t Ml 056 X HSYA & & )[1 + exp
(—25.641-3.315 X PLEAL pppy+3.87 X PL&EA o +2.027 X
HLtI 11—0.56 X HSYA 2 8)]

4 X AEFFEMEN L3RR, BT kS 5
B G FEAAT I, e P 1E 0.9 B
EIIARKAAT, SHIRAACEFH WS R R 5.

Logistic [AIARERIGIAEA ) 73 455K 5 HCA
SRR IR —F Ul IR A AT DU G b e ik
ARV RS2
3 g

AT FRAE N IE 248 HSYA & &R
TEBNHE AN - 2 -0 7% R v AR S Bd it
BV 32 A [R] 9l 5 3 771 A [) Bl 451 g 1) 4 R TR 1 I
PREGESTH], B2 E- 2 G-0.1% H RS TAE iR
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R5 TEFRRLEFRFIMEER
Table 5 Results of grade analysis

s PHE  F% | w5 PHE EHFR
S1 0.999 L7 S11 0.999 H
S2 1.000 I S12 1.000 H
S3 0.999 i S13 1.000 H
S4 1.000 L7 S14  0.999 H
S5 1.000 I S15 1.000 H
S6 1.000 e S16 0.999 h
S7 0.999 e S17  0.999 7
S8 0.999 R S18  0.999 %=
S9 0.999 R S19 1.000 %=
S10 0.999 H

. ZHCERTE, HSYA SRS AT 4
WK, KIAE 227 nm 1 403 nm FK LA
Wi, 7E 403 nm P OB AR GE, H
BRI N g —, TR, Huk#E
403 nm 1E N HSYA & &l 52 A I K .

TEPUEE ML SIS o, SN KRR NARIRES,
DX 3l T 25 L1 25% FR R AR B0 2R OK VR R
o BEHLEE—HELLAELL “2.2.27 iR ikt T4
B, RN 8 mgmL K% G 4L 38 W i%
“21.37 WUN A% CFATIE 6 Ik, WAEH
HSYA W& ESLL “2.1.27 TR 5 iEHIS AR 5
H HSYA K& & BRI 2R (P>0.05),

AT R, AieiEK TT KiEFE HEN
ft/15 HSYA S EEARRALE LR, XA]
BESILT A A bl AN, ke, 4
wHEEN 2 Cnig XA BT ). R
WEY. EMEREA —E MPUEaM. Putin
fE A USN, UK [ ok R 20 76 BT A A B 43 TR
& PRHIIAEE . A AE SRR SR DR B ) 22 S T AN R AH
], X SR LA i SO A S i AT i —
BRI, AT SE AR AR = AR U L. Bkt
& P RO I SRk

BHREENRE, HARTEAN—KEFE,
T2 M5y 2 R R Al 3 T 2 Mg R4
FH - 2 AN B0  WTT B [ 47 2P0 an e i &
A0F 2 500 ZERPIE, HAEMS MR R
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