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Abstract: Objective An HPLC-MS/MS method was established for determination of 10 kinds of components in Xiaojin Pills such as
ligustilide, protocatechuic acid, inosine, oleanolic acid, benzoyl neatidine, benzoyl aconitrate, benzoyl aconitine, neaconitine,
hypaconitine, aconitine, and combined with cluster analysis, principal component analysis (PCA) and other chemical metrology
methods to assess the quality consistency of different batches of Xiaojin Pills from different manufacturers. Methods The
HPLC-MS/MS method was established for the simultaneous determination of 10 active ingredients in Xiaojin Pills. The Agilent
Technologies Zorbax Eclipse XDB C;g column (150 mm % 4.6 mm, 5 um) was used; 0.1% formic acid aqueous solution-acetonitrile as

mobile phase; The mass spectrum was scanned by ESI” multiple reaction monitoring (MRM) mode. And the content analysis was
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carried out by cluster analysis and principal component analysis, and the difference of the quality of commercially available Xiaojin Pills

was evaluated comprehensively. Results The methodological validation results showed that the linear range of 10 compounds was good
(R* > 0.990 0). The limit of quantification was 0.01—4.49 ng/mL, and the average recovery was 94.82%—104.33%. The results

showed that the quality of Xiaojin Pills in a factory was different from others. Benzoyl aconitine, benzoyl aconitine, aconitine and

inosine were the main components of classification. The load chart after PCA reduced dimension processing showed that the content of

benzoyl neatidine, benzoylthioate, aconitine and inosine were the most distant from the origin, and the difference in content was the

main cause of the difference in quality consistency. Conclusion Considering the poor quality consistency of Xiaojin Pills, the quality

control of Aconiti Kusnezoffii Radix and Lonicerae Radix should be strengthened in the production of Xiaojin Pills.

Key words: Xiaojin Pills; HPLC-MS/MS; quantitative determination; chemometrics; consistency evaluation; cluster analysis;

principal component analysis; ligustilide; protocatechuic acid; inosine; oleanolic acid; benzoyl neatidine; benzoyl aconitrate; benzoyl

aconitine; neaconitine; hypaconitine; aconitine
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Table 1 Origins and batch number of samples

RS A= T A kL =

Al 151201 B2 160601 D1  151009No.015
A2 160114 B3 150801.2 | D2 151008No.198
A3 160115 B4 151102 E1 20150901

A4 151105 B5 150601.1 | E2 20141001

A5 160310 Cl 20151003 | FI 160401

A6 150905 C2 20160501 | G1 15040009

A7 150705 C3 20151002 [ H1 20151005

Bl 160501.1 | C4 20160502

2 FESH#R
2.1 BEEEH

Agilent Technologies Zorbax Eclipse XDB-Cg &
A (150 mm X 4.6 mm, 5 pm); FBHAHN 0.1%H
TR K-, BREEDEL: 0~1 min, 2%~20%Z
Ji&: 1~5min, 20%~50%Z.Jf; 5~10 min, 50%~
75%Z.E; 10~15 min, 75%~100%ZME; 15~30
min, 100%~2%ZJE; AR ESN 0.45 mL/min;
BERE AT AR TSN AR 26 AP 10 min; & 30 °C;
HEFER S uL.
2.2 [Rig&H

BFUEN ESL R, BB S AR
300 C; BEiEHIA N AR E 11 L/mins 468K

77103.425 kPa (15 psi); EBAIEHEE 4 000 V;
RN Z NN (MRMD; T 52 84007 A
MEFXE 2 Frs. s, SHEYH MRM
s E WA 1.
2.3 NTERSIARRSIE

IS IR IS, R OE, H A
Fic il i 2 Lig 99.8 ug/mL+ PA 101.0 ug/mL- Cr 103.0
pg/mL. OA 101.0 pg/mL. BMA 103.0 pg/mL. BHA
101.7 pg/mL. BAC 100.0 pg/mL. MA 108.0 pg/mL.
HA 97.0 pg/mL. AC 100.0 pg/mL F5F 8 5 il 259
2.4 HiXSEAERNEIE

I3 PR RN G Uk, I 40 B, SRR
FRAE 03 g Bk, BEEEROES, HEMAAIEH
i 5 mL, FRE FE 8 7 (T2 300 W, A% 80 kHz)
PEH 30 min, JEOA G FRXRE R R, S AR
SRR, 3T 0.22 um SELIERE, BIAELR
pEaRT L
2.5 FFIEFIGE
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SE SR E R (DMERELL SIN=10 #iE) Al
KPR CUEMELL SIN=3 FfiE ). 455 W#E 3.
252 KRS % “2.37 TN ELH] XTI S Ak
BVRRRE 10 %, % L IRKI A AT o0 #r s Lkt
FE 6 £, Ik S G, 115 RSD {H. 25

&2 MEAF 10 TS B RIS RIE
Table 2 MS data of 10 constituents from Xiaojin Pills

wEY XS TR [ERRLL S BT (mlz) THET (mlz) R/ V Tl e & /e V
Lig 190.2 ESI 191.0 90.9 100 15
PA 154.1 ESI 155.0 98.8 100 8
Cr 268.2 ESI" 268.9 136.9 80 5
OA 456.7 ESI" 4572 439.2 100 5
BMA 589.7 ESI 590.3 105.0 205 46
BHA 573.3 ESI" 5743 105.0 200 46
BAC 603.7 ESI" 604.3 105.0 180 45
MA 631.7 ESI 632.3 105.1 180 46
HA 615.7 ESI 616.3 105.0 180 46
AC 645.7 ESI" 646.3 105.1 180 50
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Fig.1 MRM of reference substances (A) and samples (B) and second mass spectrum of reference substances (C)
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Table 3 Regression equations, correlation coefficients, linear ranges, LOD, and LOQ of 10 compounds

& EYEpay r LEPETE I/ (ugmL ™) LOD/(ng'mL™") LOQ/(ng'mL™")
Lig Y=9164.4X+1789.9 0.998 8 0.025~ 9.980 0.01 4.49
PA Y=5919 X+1726.4 0.999 5 0.025~10.100 0.01 0.01
Cr Y=32361 X+8703.3 0.997 5 0.258~10.300 10.30 25.75
OA Y=6307.2 X+5 154.9 0.998 0 0.026~10.100 1.01 10.10
BMA Y=113 333 X—442.27 0.996 9 0.106~ 5.246 0.74 3.09
BHA Y=74457 X+16 811 0.997 4 0.025~10.167 0.87 337
BAC Y=119 045 X—2 953.6 0.997 8 0.027~10.000 0.71 291
MA Y=56 081 X—3239.3 0.999 9 0.060~10.811 0.77 3.02
HA Y=57 215 X+790.52 0.999 9 0.024~ 9.700 0.70 2.70
AC Y=61492 X—2907.4 0.999 9 0.050~10.008 0.79 3.20

R 4,10 P &AL RSD 7E 0.538 1%~
3.384 0%, FRIIHITVFHRE L REF.

253 faEMillE HEWRE E ] RX#tsH
20141001 /M FUAE AR K29 0.3 g il 2 il i
W, FiWE, 29T 0. 4. 8. 12, 164 24 hit
47 HPLC-MS/MS Z3#7, 115 10 FhfRm a4 0 i £7
1] RSD, #5H 3K 4, H RSD 7E 0.726 5%~
4.223 2%, FYIMRMIETRAE 24 h WEEARTE .
254 FEEMHRAK HBE ) %K, #it5A 20150901
(NG ARE R R L) 0.3 g, TAT 6 43, KSHRRE,
F IR “2.4”7 T J7 i VAW, 2847 HPLC-
MS/MS F3 47, AR BT 37 A o v b 28 T S5 D 470
B RSD, SR WK 4. 10 FPRFI RS & 7
# RSD #/NTF 4.56%, RIIZI7VEEST MR
255 EEEERRLE HCA TS, #5508 160115
PN I ARZ 015 g, 6y, FEERE, BT

10 mL BZEBLOES, 2RI STzt
LR B A FR AT, AR IR 2.4 TR T
R AR AW, 3T HPLC-MS/MS 43#7, it
HA RPN B % ) RSD, Z5 R W% 4. 10
FhEFAD IR RIS AE 94.81%~104.33%, RSD
TE 1.452 7%~4.875 9%, R 1% 515 FIHER B R 4T .
2.6 HREENE

TR 23 T/ e, 2 BIEU R 2
03 g, FEBEFRE. %W “2.47 T Ik & 4R i
W, 34T HPLC-MS/MS Zh#r, HR¥E AT kxR
AE MR T 5SS P AR R R B, S5 R
x5,
2.7 BESH

Fi SPSS Statistics 21 7 BTSN K A
RN G e Em I e 25 R T R AR Kb, 4
Rl 2 Fiom. WTRAEH Al A2, A3. A4, AS.

R4 HBEE. REM. EEMSMERKERUESER
Table 4 Results of precision, stability, repeatability, and recovery
th&Y  KEEFEE RSD/% FaEtE RSD/%  PHIRE S/ (ugeg") EEMRSD% FPHELE/%  [HUZE RSD/%
Lig 0.9975 3.0929 3.0173 3.5398 94.816 9 1.5827
PA 3.3840 3.2928 15.263 3 4.569 4 96.9152 4.6262
Cr 0.856 4 2.603 4 6.363 0 44822 104.332 6 3.9750
OA 3.0443 23976 130.412 1 0.6120 97.2858 3.144 8
BMA 0.8331 1.163 7 10.955 4 1.446 4 93.9479 1.4527
BHA 09154 0.726 5 3.0922 1.1302 97.829 8 3.663 4
BAC 2.176 4 1.763 8 201.4847 0.9109 101.5509 3.8987
MA 0.4659 42232 3.0962 2.469 2 101.508 9 1.9854
HA 0.9975 3.0929 3.0173 3.5398 94.816 9 1.5827
AC 3.3840 3.2928 152633 4.569 4 96.9152 4.626 2
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x5 MEAP10MUESIHNEENE n=3)
Table 5 Contents of 10 investigated compounds in Xiaojin Pills samples (n = 3)
BRgE —— MR e )
Lig PA Cr OA BMA BHA BAC MA HA AC
Al 2.1534 28.5594 13.3899 UD 10.1137 24421 2173591 53043 05361 4.6300
A2 10.0245 22,6350 52.3252 439.3632 74820 23396 219.0699 8.8584 02492 79391
A3 107901 142158 35.7152 355.0653 57651 12920 186.0211 6.1659 02440 55897
A4 2.1534 187211 45619 47.6152 7.756 7 04703 159.8903 3.5158 UD 32160
A5 224311 114957 457921 453.1517 7.050 4 3.0922 2351759 9.4709 03934 8.5362
A6 2.0971 144664 284296  40.7447 113408 0.7653 179.7303 3.8303 UD 3.2615
A7 09786 10.2793 22.1062 384299 23.769 5 5.407 8 504271 28813 0.0470 24297
Bl 69910 16.6402 322295 4259288 262582 11.6045 3.0226 1.3056 04796 1.1450
B2 53579 142242 24.1225 2847304 20.7326 8.7173 44382 12516 02425 0.8869
B3 22116 87701 18.5412 32.5398 3.1899 UD 1.7673  1.609 7 UD 1.4193
B4 3.3101 8.0267 31.7644 0.1192 264191 9.248 7 48481 1.1562 0.0170 13507
BS 41576 137765 16.109 3 9.1459 3.0220 UD 102042 1.4236 UD 1.2054
Cl 12860 12.3067 0.6313 31.099 6 1.647 1 UD 26958 13104 0.1318 1.1133
C2 17.6536 123968 11.7851 382.6503 3.8583 8.5947 43288 1.1217 02291 0.8758
C3 0.5385 31.6230 UD 70.694 6 0.498 3 UD 1.6329 1.1354 0.0662 09555
c4 173026  7.8912 58.5037 757753 62.8430 2.6360 157918 49758 UD 0.947 5
D1 19.1249 53904 4 3.408 3 82.4193 11.2229 24869 7.4057 14688 2.0914 1.1645
D2 26.8014 224323 52222 UD 202254 28139 75702 14394 21595 1.2041
El UD 26.180 1 0.646 2 10.2689  15.606 2 0373 8 23176 1.0557 0.0138 0.8897
E2 23335 39.3524 UD 11.016 8 8.6439  4.5906 279640 15330 03681 1.8196
Fl1 11.3484 25.0707 155819 293.2868 28.8246 225777 10.6745 1.8236 28345 1.6171
Gl 34138 137202 22.1340 246229 284245 15.8268 27.8879 3.0481 09830 2.5915
H1 549083 14.0581 27.066 4 23.676 9 0.909 9 UD 143069 2.1503 UD 1.794 7

UD-A A £

UD-undetected
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BHAL) T K. HABE) ZK+ HA. BHA. BMA
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i 20 A= k-5 B 2 A R i S BT L BRI
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B, /NG U XU TR A W AL 7R AR R )
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Fig. 2 Cluster analysis for Xiaojin Pills from different
companies and different batches
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Fig. 3 PCA laoding plot (A) and PCA score plots (B) of
Xiaojin Pills from different companies and different batches
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