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Abstract: Objective To establish an effective UHPLC-ESI-MS/MS method for the simultaneous determination of 19 active
components (ginsenoside Rgi, Rbi, Rd, berberine, epiberberine, jatrorrhizine, palmatine, columbamine, coptisine, evodiamine,
rutaecarpine, dehydroevodiamine, limonin, hyperin, curcumin, demethoxycurcumin, bisdemethoxycurcumin, echinacoside, and
verbascoside) of different types in Xintiantai I (XI), and provide a comprehensive and efficient quality control method for traditional
Chinese medicine (TCM). Methods The analysis was performed on an Agilent 1290 system with a Agilent Zorbax Eclipse Plus Cis
column (150 mm x 4.6 mm, 3.5 um) at a flow rate of 0.4 mL/min using acetonitrile and 0.1% formic acid aqueous solution as mobile
phase. Mass spectrometric detection was performed on multiple reaction monitoring (MRM) in positive and negative ionization mode.
The contents of 19 active components in XI were determined by monitoring the specific ions of each component. Results The 19
active components were accurately determined in 15 min and had the good linearity (2 > 0.999) within the linear ranges. The average
recovery rates of ginsenoside Rgi, Rbi, Rd, berberine, epiberberine, jatrorrhizine, palmatine, columbamine, coptisine, evodiamine,
rutaecarpine, dehydroevodiamine, limonin, hyperin, curcumin, demethoxycurcumin, bisdemethoxycurcumin, echinacoside, and
verbascoside were 94.80%, 96.78%, 95.59%, 96.88%, 97.74%, 100.08%, 96.27%, 100.25%, 98.32%, 97.16%, 95.60%, 95.28%,
96.81%, 95.22%, 96.85%, 95.31%, 93.86%, 94.79%, and 95.20%, respectively; The contents of three batches XI of the 19
components were in the ranges of 2.28—2.49, 0.82—0.90, 1.22—1.32, 14.44—15.50, 3.71—3.99, 3.26—3.49, 3.09—3.33, 4.39—
4.72,4.56—4.92, 0.52—0.57, 0.30—0.33, 4.46—4.76, 3.02—3.24, 2.59—2.76, 6.03—6.38, 1.47—1.58, 1.90—2.08, 3.40—3.88, and
1.53—1.74 mg/g, respectively. Conclusion The developed UHPLC-ESI-MS/MS-MRM method is fast, sensitive, and reproducible
for TCM quality control. It can be used for the quality control of XI, which also provides reference for TCM quality research.

Key words: UHPLC-ESI-MS/MS; Xintiantai I; quality control; active components; multiple reaction monitoring; ginsenoside;
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Al; XW-80A AU IR A HEITHMIURGERE
FRAF]; H-2K6 BNk en, TR THAE
HIRA T ; JP-080ST viti WA R 75 il B bL, IRYIT
T ETEER A AR AT N-1100 EYELA igd &K
1 HARRG B ] .

2 FEEHR

2.1 OHTEH

2.1.1 {aiE4fF  Agilent Eclipse Plus Cig (it
(150 mmX4.6 mm, 3.5 pm); VsHH ZE-0.1%F
K VAW BEIE VR : 0~ 1.5 min, 20%~24%Z.ff§:
1.5~2.5min, 24%Z.Ji&; 2.5~8.0 min, 24%~33%
Z M 8.0~10.0 min, 33%~50%Z.JE; 10.0~13.0
min, 50%~80%; 13.0~15.0 min, 80%~100%Z
5: 15.0~17.0 min, 100%~20%Z.Ji&; 1AFR &
0.4 mL/min; F:J8 30 C; #EFEE 5 L.

2.1.2 il SO B AR (ESD,
K2 SRR (MRMD #EAT&EIE, i
RIRFE 340 C; FHAMAEMME 8 L/ming FHS
JE 7 103.425 kPa (15 psi); E4IEHLE 4 000 V,
HLIE 95 nA; FETEE m/z 100~1 500; &F{L &)
(1) 25 T 3 L BF 25 1 1Rl 15 5 e A A 1 30,
FA 52 S0 M (0 85 750 24 v RO Rl fiE g 0 T
ANZ BT R m/z 823.5—643.5, Z4f#HE (F)160 V,
fffERE (CE) 45 eV AZHEH Rby m/z 1 131.5—
789.5, F210V, CE60eV; AZ R Rdm/z969.5—~
789.5, F 290 V, CE 60 eV; /INEED/Z/INGEDK m/z
336.2—320.2, F 115V, CE30eV;: ZGRH/ARI;
Ol m/z 338.1—322.1, F 125V, CE29¢V; B4
71 m/z 352.2—336.2, F 145V, CE 28 eV; #i&EHH
miz 320.1-292.2, F 140 V, CE 30 eV; RZEETH
m/z 304.2—134.1, F 100V, CE 15 eV; ZZHH
m/z 288.1—>273.0, F 120V, CE 34 eV; A RIH
Bl m/z 302.0—~286.0, F 110 V, CE 40 eV; Iy
% mlz 4712—161.1, F 145V, CE 25 eV; &4k
1 m/z 465.1—303.1, F 105V, CE 10 eV; #EHEH
miz369.1—~177.1, F 125V, CE20eV; ZHA I
B HR m/z 339.1—~147.1, F 120 V, CE 25 eV; X &
F 4 253 K m/z 309.1—~147.0,F 120 V, CE 25 eV,
LMk N IES R M EEH miz 785.0—
623.0, F150V, CE6eV; EEIHEH m/z 623.0—
461.0, F 180V, CE 25 eV, DL EARR % A f B .
2.2 MERBmERAREREHIE

2.2.1 RANE SR A RS BRI

R, WREMREIAME, 15AH RO RS . R
W HY 25 50 B i £ O B, AR RE S 0.202
mg/mL AZ2F Rgi. 0.220 mg/mL A& 21 Rb.
0.203 4 mg/mL A2 %2+ Rd.0.219 2 mg/mL /NEERH .
0.250 mg/mL FR/NEER. 0.214 4 mg/mL ZG5ARER.
0.225 2 mg/mL L5577 0.246 4 mg/mL JEH B CLhs
0.228 mg/mL ¥ 0.246 mg/mL F2< B, 0.200
mg/mL EE R 0.246 mg/mL 2 HE IR
0.216 mg/mL 77 % 0.201 6 mg/mL & 22 Bk
0.252 mg/mL 3£ K. 0.204 mg/mL 2 HAFLEH
. 0202 2 mg/mL MEHHAIEZEER. 0.167 6
mg/mL EEETEHET . 0.167 2 mg/mL A S5 R
A XTI . R S LU R 46 R R
XTI SR G, T 4ehbn el 22
222 WIREREIHIS  AEEEDES PR AR
AT R AR B R A AR IR JE AL e &, TR RE
ZFREWRZ BN 400, 408 ng/mL [ kR TAE
2.3 HiXAARNHIE

HU XTI &, Wi, F%MEL 40 mg B HIEHE
TS, FE# N HEE 50 mL, A 52 EF A FR 200 ul
(40.0 pg/mL), WFRIKJEFS I 200 uL (40.8 pg/mL),
2%ERIRVSTN 500 L, FEEHRE TR, @HE L 20
min, BG4, BUOEEMERE, H PR R R
(15 & o A 25N 500 pL $EEGK E 5.0 mL &),
R R R 20, $84), 4 0.22 um FLFLIEREIES,
SR
2.4 FFIEFIGUENS
241 LEMIEEL R EHEE R A A
XI Ffdh, % “2.37 BURNTEALEE, 4% “2.17 TUR
SR, AR WK 1. 2, £HZJITE 15 min
FER 19 MR E, TREMERLT.
242 AMKHRLEER (LOQ) ALK (LOD)
FH FEEBBUR GRS, TERRE, e
RAV PRI . Lo BT P o ik T R AR A
(X0, S AARETAR LE NP bR (Y, Tt

t/min

1 XIRBETRE
Fig. 1 Total ion chromatorgraphy of XI
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Fig.2 MRM chromatogram of 19 analytes and two IS in XI sample (upper), mixed standards (middle), and methanol (lower)

HARHERIZ TR . St ebrdEth 2R R
iF, »>0.999, SHTPIRIZIETERE. LOQ & LOD
W 1.

243 FEEERK % <227 TR AR, &
JoR R AR P AR G 0 S VAV, 5 TR — %o Bt
W% “2.17 WUR S AELEEAT 6 Ik, TH5 RSD A,
S 3d, ER IR 2, 19 Flsa i H WK%
RSD 5 0.81%~1.21%, H [A1}5% % RSD 4 0.78%~
2.81%, ZHRRY, WEERL.

244 FoEtEie  HUE—HE XD % 4237 TR
J7 ik A XA, CE T =R, 2 5IAE 0.
4. 8. 24, 48 h, WIE&FGF KI5 NFRIETIFRLL
B, RANEVEASGFE, THESFS T 48 h NIfERE
P, RWnE 2,

245 HEEMHRAK BRI XIFEMS 6 4, B
40 mg, ZME “2.37 TR ARG HER S AL
SE BRI HE B VR & BT RS 5 P AR TR AR T
B, ARNENE7FERAG S R R, THE I RSD
i, ZRINE 2, SRR & TEEEN
R4f.
2.4.6  JOFEENSCRARES R PR OB R
FEd, D RREEIMA G . K 3 N FRIRE AR
B IR, R ACEE 3 4, 36 9 4y, #5217
TUT A U 7 VA AT R B4, T SR LA PR AR B A
IIORE S . S5 SR LR 2.
2.5 HEUE

HY 3 #it X1 (20161114. 201700109 20170417),
FEHEAE S 2 el i (R 20161114 il %
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Table 1 Linear regression equations, linear ranges, LOQ, and LOD of 19 analytes

Far e oy 2k 7 7% 2 EMETEH/(ngmL™")  LOQ/(ngmL™")  LOD/(ng'mL™")
ANZRBH R Y=0.001 5 X—0.000 9 0.999 5 2.020~1010 2.020 0.404
ANZBH Rb Y=0.001 6 X—0.000 5 0.999 4 2.200~1 100 2.200 0.550
ANZ B Rd Y=0.001 9 X+0.000 7 0.999 4 2.034~1 017 2.034 0.509
/NEERH Y=0.407 6 X—0.041 8 0.999 9 1.096~1 096 1.096 0.110
FNBET Y=0.204 X—0.029 4 0.999 9 1.250~1 250 1.250 0.125
2R Y=0.229 1 X—0.062 7 0.999 8 1.072~1 072 1.072 0.134
JEPHBIT T Y=0.089 X+0.002 3 0.999 8 1.232~1232 1.232 0.123
EET Y=0.2532X+0.0148 0.999 7 1.126~1 126 1.126 0.113
BIETH Y=0.1258 X—0.0119 0.999 9 1.140~1 140 1.140 0.143
R G Y=0.0312 X—0.009 2 0.999 8 1.230~1 230 1.230 0.410
T IREBE KT Y=0.009 2 X—0.000 3 0.999 9 1.230~1 230 1.230 0.308
FERK I Y=0.3151X—0.0272 0.999 8 1.000~1 000 1.000 0.250
FrE T Y=0.003 4 X—0.000 4 0.999 7 1.080~1 080 1.080 0.360
A 3¢ Y=0.020 6 X-+0.005 0.999 9 1.008~1 008 1.008 0.336
LHER Y=0.018 7 X—0.003 7 0.999 8 1.260~1 260 1.260 0.315
LHEIEHER Y=0.010 7 X—0.004 8 0.999 8 1.020~1 020 1.020 0.255
WERAEEER Y=0.005 7 X+0.000 5 0.999 8 1.011~1 011 1.011 0.253
AR Y=0.187 8 X+0.007 4 0.999 7 1.676~838 1.676 0.559
PR 5 Y=0.096 1 X—0.008 1 0.999 7 1.672~836 1.672 0.557

2 XI9MENBEZE. REM. EEHEMEDKRE n=:6)
Table 2 Precision, stability, repeatability, and recovery of 19 analytes in XI (n = 6)
S — RSE/% Jmfﬁé EL e KR — RSE/% Jmfﬁé ELE
EEE faet mEEM (XEs)/% WEE et \EEM (Xxs)%

AZREHF R 204 311 3.30 94.80+4.38 | RAHI K .02 291 3.18 95.60+4.50
ABEF Rb 186 3.05 2.97 96.78+3.83 | &R A 1.16 3.13 3.65 95.28+4.60
AZRBEFRI 150 2.48 2.65 95.594+2.45 | FriEH & 1.89 2.24 2.87 96.81+3.93
/INBET 1.24 2.26 2.58 96.88+3.53 | &4kt 1.87 2.72 3.14 95.22+2.99
FNBEDR 0.81 2.71 3.05 97.74+£4.25 | FiEKR 1.61 2.08 3.26 96.85+4.23
2R 1.68 2.93 261 100.08+4.97 | ZHEAILLEEER 1.63 3.42 2.93 9531+3.15
BT B 1.02 2.08 237 96.27+3.88 | MEHHEIEEHKR 138 3.05 3.29 93.86+3.61
BT 1.72 2.15 269  100.25+4.81 | BEICHET 1.85 3.31 3.64 94.79+4.17
BOIETH 1.53 2.54 3.23 98.324+4.30 | FARAE 1.84 3.15 3.83 95.20%£3.29
RAEBE 1.02 3.19 3.66 97.16+3.78

1%, 2% 201700109 #ill#% 3%, 4%; 20170417 il % 5%,
6", FEMEESHERE 2 &1 CHD “XUREXER” V5D, B
HoPIME, % “2.37 BURN TSNS S E R, it
FES L, e 19 MyEtEpr & &, 450 WK 3, &4
SR IR R TERAS I 19 ANAS[RI 8B R A3 11 2
HF1Z 777 BA MS NI 2%, At DU H PR S SRR
(1R B RIR SR =, AE A TR il %
FI MRN B £, mTDAHERR AR B A5 & 7 R
ST, DRSS, PTRRE . e

JRE PERTE B, X ] A 24 Jo R A AT e R R

A E B hRE Lo
3 g

3.1 UHPLC-ESI-QqQ-MS/MS AR 2R EIEHIAY

S P

H R b 258 2 B AR e b B PR “ %m0 Mg
R G RNE ", PR AR b i S R )
i, Mgt R 2R AR %0757 (TLC) X
FIRETT PRI IR M BEAT PRS0, EOR AR
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Table 3 Contents of 19 analytes in three batches of XI
B &80 (mg-g ™)

" ABEARg ABEIF R ABRIRA NEE RMEE S EHGTH  EDT EEW REEW
1# 249 0.88 1.29 14.48 3.96 3.49 3.24 4.59 4.74 0.56
2# 2.34 0.87 1.32 15.24 3.87 3.26 3.26 4.56 492 0.57
3 2.48 0.88 1.29 15.27 3.71 3.28 3.09 4.53 4.56 0.52
4 2.28 0.90 1.22 15.50 3.99 3.30 3.18 4.72 4.66 0.57
5 2.37 0.84 1.26 14.44 3.84 3.38 3.21 4.44 4.64 0.52
6" 2.38 0.82 1.30 15.20 3.93 3.42 333 439 4.86 0.57

Xts 2394007 0.87£0.03 1.28%0.03 15.02+0.41 3.88+0.09  3.36%0.08 3.2240.07 4.5410.11 4.73£0.13 0.5510.02

S (mgg™)

S BER AWEERER WEFRERER BRANT RARA%H

% O
0 kY ZARERR FREE

1# 0.30 4.76 3.08 2.74 6.28
2 0.3 4.56 3.24 2.59 6.06
3# 0.33 4.52 3.15 2.72 6.02
4* 0.32 4.66 3.27 2.76 6.26
5t 0.3 4.68 3.02 2.68 6.02
6" 0.32 4.46 3.16 2.64 6.38

Xts 0312001 4.60£0.10

3.15£0.09 2.6910.06 6.17+0.14

1.53 2.08 3.88 1.74
1.47 1.90 3.45 1.54
1.58 1.99 348 1.53
1.58 1.96 3.52 1.57
15 1.95 3.40 1.59
1.48 1.94 3.61 1.54
1.5240.04 1.9740.06 3.5610.16 1.5910.07

1 25/ BEHEAfG % A4 5 2k b i) — - DA - 2k,
FRHEE BN TLC MEE M. dEmtE. TEtk bl
A R 1 B S R0 R T 7 A 85 5 PR 55 1) Ak A
oo & E 77 TH 2R A HPLC, %07 VEHER L
FEE . A MRS T AR T, (R AEAE S A
R A3 2 A1 JR 25 43 B8 B 7 (R €0 2R R 2 . AT [
B ANIE AW AN R R AL [ 22 Fa bk 1oy TR 4 i A
FIRR S R ZE R, BN EZE R K, —
W22 PEFRAE & T G5 MR AR S R AL &)
7N ZE R 2% AN ZE R AR I % A IR . R . K
S FE ARG RS ) . B H AT oML, B R AN
FH BRI B m 24 LR ATE 700 o B s HE AFF 7 BRAS AR A3t
W, AR 2GR AR 2L T AR R ER T SR
RIS &R. HEl, (PEZH) 2015 FRR—HY
[R A )00 &R o 50 R A 5 2 SR B
AR T A B AR SR ) B R A AR (0821
FRRER A Ai (0822), BRI ERf LI 2 HY . .
. R BIMEE; WE LERY TR, Rk,
REFAIR . R R WZ KA T LC-MS- MRM
P S, 7R DE &N Y TR
TR B PO R 2R B 43 ST B rh ki 3 By BT 2
AT T LC-MS 3% 34T 2 & 47 .
UHPLC-MS/MS FAR M) & R w2 M
AV 00 225 4 v 2 R R s o b LA T R 1 P i

5, AW 93T UHPLC-ESI-QqQ-MS/MS FL AR X}
WA B FRETRSEEREE CGEM K
e s, Wk B3R TLC AT HPLC HIRIR, Rk
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