s 4170 ¢ $ % Chinese Traditional and Herbal Drugs 3£ 50 % 2 173 201949 A

—MNZTEEFRNEMBIEE S 6 MRBRLEM ST

2 ', ARl FTmaRAR-riH? Weie”
1. FrEB4EE R B X M CRT, HiiE ZEARF 830004
2. HTEREERLIR LAY, WiiE SEARST 830011

B OE: BRY #HERERE Arnebia euchroma TR R . LPEHE R, FEELER. FTBIEER. B-LMHEE S R
HLRF BB - HE NGB R 6 MR — M2 PPNE /7. 3% RARHE LC-MS R R il 2 22
R EREIEIT S . R HPLC &%, IABERFENASY), BT OMEERESERER, ZEAEER. BFTHER
. B-LBEEIE R R R A B8 S AR R AR IE R 7, 58 T MR IE R F B P A S B . bR
T AR — I Z P R B 6 M e SR, R SHNRIER FEEERL, —WESWENeERE
AMRIEIE SRR EZ R &8 ELRIBHE 6 Flae s 09— 2 PRk i 3 gi A B2 A i B R v . AT S
EHEIR: —MBIRE; MEXRIERT: HEBHER: 2R mEREH: BER JBEER, BEEER RTHEREZR,;
B- LML R R R B - MR R

FESES: R286.2 XEkFRERE: A XERS: 0253 -2670(2019)17 - 4170 - 06

DOI: 10.7501/j.issn.0253-2670.2019.17.024

Simultaneous determination of six anthraquinone components in Arnebia
euchroma by QAMS
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Abstract: Objective To establish a new method for the quantitative analysis of multi-components by single-marker (QAMS) to
simultaneous determine six naphthoquinone components in Arnebia euchroma. Methods The chromatographic peaks of the main
naphthoquinone components in A. euchroma were identified by high resolution LC-MS. The acetyl Shikonin was used as internal
marker to calculate the relative correlation factors (RCF) of deoxyshikonin, isobutyrylshikonin, B-acetoxyisovalerate shikonin, and
B,B'-dimethylacryloyl shikonin by HPLC, and examine the durability and reproducibility of the RCF. The external standard method
and QAMS were compared to determine the six components in A. euchroma. Results The repeatability of RCF was good. The
results calculated with QAMS were consistent with the results by the external standard method. Conclusion The QAMS method
for simultaneously measuring the content of six components is accurate and reliable to evaluate the quality of 4. euchroma.
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S . E 2GR 70%00 FURL R B BT SRS
B, HTASHEELENTRIZERRE, F5
AR NS IR VN P R S 1K 0 & UDI N E RIEEL DN
TR TR AR M 28 FEARAG 1D, IR — 5 FLAEE,
N R F R R 25 BB AL T 2 )
JiR B R -

(FREZH) 2015 FERR—EBH B sm R R ) &
HENEFRFZ B.B- NG L E R, A
(R TCVE AT R B2 M I B R B VR A, (R
Ff 43I 4 R ASE X SR S 22 Pfon R o, T RS
HH (1 22 B500) BRSNS LW S TR e, 3 LAY A
MFER. —MZPHZE (quantitative analysis of multi-
componentsby single-marker, QAMS) & ¥+ 244
FE BB AR N E R, MR S0
BRI RN S, ALY 5 H A R A3 ) (R AR G RS
1IEFF (relative correction factor, f), i fiHH
FoAth B o3 (R 21200 AR SO AR IR AT TR iR SR
B 2 o R T T, B IRESL T LLOBEE
HEANSY), HREHMBy CGRREER, 8K
HE. RTBEER. B-CBtE R K 5 R A
B.B- L MG B 2O 1 f, 15 3 HAh e oy O &
LI A A RIS E , ST BRI B2 o
HFR AR AR o
1 XFEERG
1.1

UltiMate 3000 3 1) =y 0B 1% A (A48 A%
ERESIRIN S, DUTCHER, ELBANL, B3
Fede, FERAE, 4~40 CIEIEFE) 1 H 3 E Thermo
Scientific Technologies A F]; Agilent 1260 series
M RO A (% A (38 [E Waldbronn  Agilent
Technologies /A ] ); Q-TOF % MS/MS Jii i 1%
(QSTARTM Elite, AB Sciex A#]), A5 ESI J§ K&
Analyst QS 2.0 F#fi Ab 3 R 45; CPA225D HT K
(Sartorius A7, d=0.01 mg); AS BDT B4it# /= i
Weds (B 40 kHz, Th& 240 W, ElgRFFE X
AR ATD; UPT-11-10T 8145 52508 4l K L Cal
AR AR AT,
1.2 #R5R

ka2, HEE. FRRIWE Merck A H
D, HREF 8o al: SRR (it
5 110769-200405) 5K HL 3 (4L 5 1601105,
AR 99.9%) . EHEEE R ('S 171023,

éj\
JE 7 H 98.22%) 7 T R R (5 170223,

JRE S 98.91%) 350 B IRIIET AR A
BRAF: X B-oBEER MR ER (i
5 Must-18071610, Jii &40 %1 98.44%). B.B-—
FH 5 T 7 E 55 O 2 0 R (L5 Mlust-1701201,
JRE Y EL 98.60%) ¥ H R ES 2 AR Y R
HIRAF: FrEycEsEgm GhE/\5meEn,
A, SRULHI 2016 4£ 8 HO, HHTiEYEE /R
H 6 X 25 Y8 55 B A0 VL R B 90 5 4 e N R R
M) HT 88 5 Arnebia euchroma (Royle) Johnstn.
)T AR

2 FEEHR

2.1 QAMS ERESL

211 XRRSIERPIHIS REEIRIRE R OB
B, FEEER, BT BEER, p-AAER
TR 55 B2 A B, B/~ FF 5 A T 5 B 0 TR 0
&2, MHAREEEAMBERZIE, R, HREEE
% 0.555 mg/mL. MRS EER 1.097 mg/mL.
BE 0409 mg/mL. 5T M ELEK 0.806 mg/mL. -
CIRERE R R E R 0377 mg/mL. BB~ HEH
IR EZ 0.704 mg/mL VAW, AFE X HE S il &
W T ARSI 6 NXTHR G A 024 0.8,
0.1, 0.5. 0.5. 1.0 mL, #[F—5mL &iffH, M
PR ZIE, BERANRMAR, T 4 Cik
FEHEOLIRAE, &

2.1.2 SRS FRIBORT 8 R85
0.5¢g (b 4 57, WEKE, BRIEHBIRY,
R 2 25 mL W, FROE &, A ALE (250
W, 40 kHz) 30 min, ¥, HHEERE, Ha
BN R R, RS, B LTEWE, Hs:
e, R

2.1.3 HPLC-MS 7& A&

(1) ik YMC-Pack-ODS-A Ciz (100
mm X 4.6 mm, 1.8 um), JitzhH RN LHE (A) -0.1%
IR (B), #HEEGENL: 0~8 min, 65% A; 8~
8.01 min, 65%~70% A; 8.01~36 min, 70% A;
36~36.01 min, 70%~65% A; 36.01~40 min,
65% A; TRFE 0.4 mL/min; FHR 30 C; HEFE
& 1oL, iR LA 1.

(2) e KA ESI &R, s
P, W% E-4.5 kV, @EERE-60 V, ANTH
JE-10V, BEBE-215V, WEEE-35V; Eik
R (N K77 414 kPa, TS (Ny) JE7) 483 kPa,
AL 450 C, HMIEHE m/z 100~1 000.
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IREE 2-LMEER RAKER 4R THEEX
5-B-LTERAFABME TR 6-Bp - TREMMBEER
1-shikonin 4-isobutyryl

2-acetyl shikonin  3-deoxyshikonin

shikonin ~ 5-B-acetoxyisovalerate shikonin  6-f,p’-dimethylacryl

shikonin

1 REXRE (A) MFEREEER (B) KHPLC &
EE

Fig. 1 HPLC spectrogram of reference substances (A) and
sample (B)

(3) HPLC-MS B2 ik B b v
o “21.37 TR g gk R KO g A 1 3 AT
HPLC-MS 73 #fr, #EFEEN 10 pL, FHFR4EZEER
KGR LRGN ERNES, ZRER S
O R T8 B ) o U A, AT HERT TR B
TeANG, ARWE 1.
214 LMEEHEHELE SRk ERI “2.1.17 1
T R E R A HR AR S ul, JEANTRAH
REA, TOSRRE Eo DAKT R BT R A AR
(X)), WEMERNMALFR (V) HEHATEMERIE, Szihsk
BB, B TES BRI N 2 R4
MR, SERIE 2.
2.1.5 FEEELS  FEERAGRA X RIS, &
SEHERE 6 IR, DRI, 6 NZEBRISRLST T
FLRSD K IKA 0.31%+0.17%+0.28%+0.83%+0.31%-
0.13%, TR R
2.1.6 HEEMHRAE HE AR S
20160911, % “2.1.2”7 iR 7L FATHI % 6 10 it

® 1 REPAEEFENNLERST HPLC-MS/MS i
Table 1 HPLC-MS/MS data of chemical components in A. euchroma

5 fe/min - [M—H]/2M-+Na—2H]"  FRM4F0  RZE(X107%) A FRE &Y
1 860 287.221 8/597.435 1 CisH1505~ 0.511 288.09 BER
2 1462 329.101 1/681.192 2 CisH1706™ 0.453 330.33 N
3 2155 271.103 5/565.267 6 CisH1706™ 0.467 272.30 B- LA S B B
4 23.68 429.154 2/881.298 7 C23Ha505™ 0.356 430.15 FHEEER
5 27.04 357.132 5/737.256 8 C20H2106™ 0.628 358.13 s B R
6 3243 369.144 3/761.280 5 C21H2106” 0.677 370.14 BB IR

®2 FEREAED 6 MERMERSHEMEEER

Table 2 Regression equations and linear ranges of six active analytes

5% B Epsg = r 1 £/ (mg-mL )
FRE R Y=17862.9 X+0.001 7 1.000 0 0.005 6~0.033 3
LERERER Y=7088.8 X—0.258 7 0.999 9 0.043 9~0.263 3
B- 2Bk AR A S I Bk ol = 5 Y=4903.3 X+0.2199 0.999 6 0.015 1~0.067 9
FEREER Y=12 132 X—4.505 0.999 8 0.004 9~0.016 4
FTHREER Y=5 044 X—8.757 8 0.999 7 0.0322~0.145 1
B.B-H NI LR Y=6657.8 X—2.692 9 0.999 7 0.056 3~0.197 1

WA, % “2.1.37 TR (il 2 b 2,
ORIEHEA . R BESE, 6 ANZEMRIEK Ik
AL RSD KK 1.49%. 2.52%. 2.01%-. 3.14%.
220%- 1.61%, KHURFEELERLT.

2.1.7 RoEthREe R RS, R AR

FECE (10 °CH, AT 0. 24 4. 64 8. 104 12
24 h HEFEIIE, dsk ek, 45, 6 MR
FE AT T AL RSD AKIKA 0.56% 0.18%-
0.51%-+ 3.66%-+ 0.32%-. 0.33%, &5 R HERT
B 24 h FE.
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2.1.8  nAEEICRIRLS B C e AR (ks
20150301) 0.25 g, ME&EWE, BRIEHEHA,
6, HumA—ERMRE, &E “2.1.27
TR i 4 s, % “2.1.37 IR il
ZAFHERENE, 6 MZEBRISHLS IO BRI T 34E
RN 101.55% 95.97% - 101.21% 99.77%-
100.30%-~ 99.58%, RSD KKA 2.14%. 0.66%-
1.86%- 2.88%- 1.47%-. 1.85%, &EFFTHHZ Tk
TR R 4T o
2.2 HEREEAD 6 NEMRAMS QAMS ITE
221 fHIE ORGSR, e 1. 24
4, 5. 6 8. 10, 12 uLME, ULZBEERANS
Y (o), HARIMEEEZR (A, FHEREZR (B).
FTBEEZR (0. B-LMEMERRBRER (D)
A BB-—HIIE MG T ER (B AN IEER 1 f/a
fuB~ fucs fups fups SEHRILER 3.

JA=fi=(As X CY(Ai X Cs)
As Cs 53 B9 S0 I (I T AR RIS B0 80, Ais G
3 5 RN R 43 X R b U R R 3 %

R3I UCBHMERERAASYN fui MWELER (n=3)
Table 3 fsi determination results with acetyl shikonin as

internal content (n = 3)

HEFEARR/UL foa foB fsic fsp JoE
1 0.905 1394 0.650 1.475 1.083

2 0915 1452 0.675 1.465 1.074
4 0909 1457 0.621 1.454 1.074
5 0909 1459 0.619 1451 1.074
6 0907 1.455 0.623 1.448 1.073
8 0904 1453 0.620 1.448 1.074
10 0902 1453 0.602 1.448 1.073
12 0901 1.453 0.602 1.444 1.072
FHME 0906 1.447 0.627 1.454 1.075
RSD/% 0.488 1.487 3907 0.722 0.320

222 AEAFREXS s BRERRER
0.8+ 1.0, 1.2 mL/min KX} £fR520, 2550 WK 4,
SE R SAEAFARTRIR & T & M R A

223 ANFERERAT SRR SRR 25, 30,
35 CHIXF ffsgm, R NER S, SREW fFER
RS CINACA RS S

224  ANFEALESRS £ BEE 2 B RO AR
i 24t Thermo Scitific Ultimate 3000 = 24 AH {4 1
AT Agilent 1260 1=y 0BAH (1S AR & 14y f 15
Wi, SR WAR 6. GiREW] fAEANFGES T M
RIf.

225 AFEGEIEHXT FHFE F% T YMC-Pack-

x4 TRFFRENENBREED 6 FFERIEMO £
(n=3)
Table 4 f values of six compounds to A. euchroma on

different flow rates (n = 3)

R E/(mL-min™)  foa foB  foc  fop  foE

0.8 0.892 1.464 0.622 1.451 1.071
1.0 0.909 1.459 0.619 1.451 1.074
12 0.890 1.472 0.647 1.408 1.071
FIE 0.897 1.465 0.629 1.437 1.072

RSD/% 1.161 0.446 2.484 1.710 0.165

5 TEEENEHBREES 6 MERERIH f(n=3)
Table 5

( determined by different column temperature (n = 3)

MR/ C foa fuB fsic Jsp JSE

f values of six compounds in A. euchroma

25 0907 1455 0.605 1441 1.071
35 0.895 1457 0592 1441 1.106
30 0909 1459 0.619 1451 1.074

“FEME 0.904 1457 0.605 1.444 1.084
RSD/%  0.838 0.148 2.169 0.403 1.798

&6 TEHLERMEMBIREED 6 MEEERI T f(n =3)
Table 6
determined by different instruments (n = 3)

Vg Joia foB fsc Jsip J5E
Agilent 1260-1 0909 1459 0.619 1451 1.074
UltiMate 3000 0.892 1461 0.628 1.451 1.067
Agilent 1260-2 0.881 1.408 0.599 1438 1.072
FEE 0.894 1.443 0.615 1447 1.071
RSD/% 1.580 2.080 2.391 0.506 0.343

f values of six compounds in A. euchroma

ODS-A Cjs (2 500 mmX4.6 mm, 5 um), Agilent
TC-Cis (2 500 mmX4.6 mm, 5 um), Cosmosil 5
Cis-AR-II (2500 mmX4.6 mm, 5pum) 3 Faiid:
X R, SRR 7. SEERER FEAN R A
TE N R AT

22.6 fHEIVELWERLGSR ZEll EEEE,

7 TREIGEENENBIREES 6 HZEIRAER DS (n=3)
Table 7

determined by different columns (n = 3)

A Joa JfoB ferc fop JoE

f values of six compounds in A. euchroma

Agilent Cis 0.879 1.383 0.621 1.440 1.061
Cosmosil Cis 0.930 1479 0.628 1.518 1.108
YMC Cis 0.892 1461 0.628 1.451 1.067
A 0.900 1.408 0.626 1470 1.079
RSD/% 2912 3559 0.626 2.853 2.363
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BEER, FAEER. R THEER. B-SHHAE
R R R RN BRI L R
RSD KK N 1.63%+ 1.979%. 2.468%. 1.78%-

1.44%.

227 EiBEEN SHFE S B AR I A
(rig) BHATUWETENL, rus=tra/trsy (0 NFFAL S, s
HNANSY)), ARSLIGHEE T AR BB AE A [ = AL
WA S RS AN [E] SRR A R E I, 25

WA 8. AiRKW], SAFI L KA PR B {E RSD

BN T 5%, Ui B ri BEAT C 1% 6 8 AL R PTAT .
2.2.8 QAMS 7k 54 ik (ESM) Il5E 45 i E ik
I 4 SR SRR, Rk 3 4, %M “2.1.27 T
N AR AT, B 2,137 TR i sk
FENE, kg, A ESM 5 QAMS it
HILEIFXT S RAT R, WEg RN 9. 453
KU, 2 MAERENRZERE BEEES, ©
BEUEEE QAMS V2 HH T HT SR 5 B2 4 11 22 P 25
R VNI AR ATAT I

®8 ATRILFBMBIEHNENBREED 6 MEMA D HIBEXREE (n=3)

Table 8 Relative retention values of six compounds in 4. euchroma determined by different instruments and columns (n = 3)

NE TS (R iR (Als) (Cls) (Dls) F(Els) V(Fls)
Agilent 1260-1 YMC Cis 0.588 1.473 1.550 1.780 2.148
Agilent C1s 0.559 1.498 1.596 1.783 2.142
Cosmosil Cis 0.588 1.414 1.560 1.709 2.060
UltiMate 3000 YMC Cis 0.593 1.467 1.540 1.768 2.130
Cosmosil Cis 0.590 1.435 1.576 1.735 2.100
Agilent C1s 0.559 1.517 1.509 1.807 2.179
Agilent 1260-2 YMC Cis 0.586 1.497 1.563 1.812 2.198
FHIME 0.580 1.472 1.556 1.771 2.137
RSD/% 2.550 2.480 1.750 2.110 2.190
£9 QAMS 5 ESMNELER n=3)
Table 9 Content of six compounds determined by QAMS and ESM (n = 3)
R S E (mgg ) HRE RIS mgg") -LRERCRAIR  pp-—PAEmiaRE
ity (mgg™) #/(mgg™) Ha/(mgg?) KR (mgg?)
ESM ESM  QAMS ESM  QAMS ESM  QAMS ESM  QAMS ESM  QAMS
20160911 7.989  0.715 0.709 2.121 2118 0.251 0.248 3.116 3.143 5.692 5.684
20160801 7.920  0.703 0.700 2.114 2.097 0.243 0.246 3.037 3.043 5.566 5.570
20150412 5.39 0.571 0.567 0.168 0.161 1.299 1.295 5.775 5.768 6.316 6.310
20170830  10.69  0.526 0.521 0.158 0.151 0.937 0.931 2.568 2.560 8.488 8.480
3 it A 22 TS5 W00 s 43 B 1) — b s S A o kU8 1%

3.1 QAMS EHIWVEM

BRI AR R A g 2y, BN AT
HA R BRI FIRERN R R R R IEY
HRAE 7 A AR 9T 8, R A T gk,
TR R R B H B SO I B A & R s A o (E
& (P EZGH) 2015 AR RS A R I TR AR
BT OBP-HENEBEE RN S RN, T
RS, RMAIEED ZMERERS S E.
QAMS MR — e e PEvu i, H s
FRIRGS 00 85 1 937 Aol 1 L Py Jit 288, 3 ok ) s 259 v —
T R 43 2, AR B4 1) P E BRI BORN LU 4B oG SR A B

TR R AR 23 A A 5 SR FH —Fofn o B it e T A
[ ISP ARG B 43 B 2, RO H B i 1 SRR, i
FRTIZ Wi F T Rk 2 S 55 U7 T 2 AR bR A
(R € o
3.2 NSYIRNEE

S HR S Y SR I R 2 S RESR I A RALE
Bt S5, LR R IMTE R R E R 4
FEEE RS R m, HA AR A R AR
SE, (E LR ORE SRR iR S IR U 4 B
FEIME, REEFLOMEER NNSY), R
Kol 2 AN ZE BRI o & = A R T IEAN R B2
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JRERRSS, FFRMRI T —MZIHER . 5%
B ARBA RS 1L
3.3 BiEENEN

ASTIF 5 388 3 A X O B IS )92 08 2% %% (0, 3 e 1)
SENLIEDL, LI 7% %87 YMC-Pack-ODS-A Cis.
Agilent TC-Cig+ Cosmosil 5 Cis-AR-II. Agilent
XDB-Cs 1 Thermo Acclaim HPLC-Cs 5 R 4%,
R Agilent XDB-Cs fil Thermo syncronis-Cis AN fg
W REE TR B- O AT R B R B R 2 Ml
WEHEATIREF 708, 2l e k5, m2HhE R H
YMC-Pack-ODS-A Cis. Agilent TC-Cys. Cosmosil 5
Cis-AR-II 3 R BT SR80 . X 3 R EIBHEA
il HPLC # &t A O) B I (8] 20 2 %5 /), RSD
B1<3%, I H. 6 A~ pesr H IR AN %2 (0 1 R 458 1)
AP
3.4 MIREX

A S8 2 AN [ it FERASC 2 A0 £ 15 A 0 A2 I [A]
T HIFE , 56 1E QAMS TE 5T 58 4056 B 2464 o7 & 425 )
H AT AT A E A, JF B T 4 AN CHT SRR
S E ESM 5 QAMS & BEIELR . 45 RRYIA
IO fHA B EINE, ZI7vEN e g5 R

5 ESM e g5 Rz ¥ w25 . ALt

LR £ nT DAESR D HoAOG R S S L R, DL SR

FHEAEANSY), LU iR o 2 Fh2E

PR s 53 () 5 ) 7 o

S 3k
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