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HAE, kEE'  EERE', DEx', xn®k', F &7, HreE"
(1. HAPEGAFGER, HA 20 730000; 2. ZNHF A &G HHBEMAF R, HH 2N 730050)

HE. BM  #3r UPLC-MS/MS IEFRHUE & BRIV B TR, SRR, RERR, ARTEH | SRR C, Mk
. OWRIRE ARG, RO RBREER MR FHEZLAEKIN B, WIEEI, AT, EESE, DUOES RN
i, Ak AHrRS Brownlee SPP C (A3 (2.1 mmx100 mm, 2.7 wm); MK (& 0.1% H R, 5 mmol/L ZJR
) -2, PRV, AU 0.3 ml/ming MR 35 °C; MBEE R TR, EOETH, SRR, HifT
BT, FWHT . BRI/ N TR G, R 15 MR TES HILBENA R R RE (R>0.998 8),
BIIRE RT3 94. 52% ~ 106.39% , RSD 0.21% ~3.94% , 22 AL N 4 25, 4 ADF W0 BEUT 25 578F K 83.808% , £
BRESBSINRERER C, RBRT  RETR, SRR, RJER, FIRELWELEN B, Wi &SI, &t %
JrikuEsf R, AT E R RE TN,
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Simultaneous content determination of fifteen constituents in Qingguo Pills by
UPLC-MS/MS
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ABSTRACT: AIM To establish a UPLC-MS/MS method for the simultaneous content determination of gallic
acid, chlorogenic acid, cryptochlorogenic acid, luteoloside, isochlorogenic acid C, quercetin, daurisoline,
harpagoside, luteolin, baicalein, methylophiopogonanone B, dauricine, paeoniflorin, baicalin and wogonin in
Qingguo Pills. METHODS The analysis was performed on a 35 °C thermostatic Brownlee SPP C s column (2. 1
mmX100 mm, 2.7 wm), with the mobile phase comprising of water ( containing 0. 1% formic acid and 5 mmol/L
ammonium acetate) -acetonitrile flowing at 0. 3 mL./min in a gradient elution manner, and electron spray ionization
source was adopted in positive and negative ion scanning with multiple reaction monitoring mode. Subsequently,
cluster analysis, principal component analysis and orthogonal partial least squares discriminant analysis were
performed. RESULTS  Fifteen constituents showed good linear relationships within their own ranges ( R® >
0.998 8), whose average recoveries were 94.52% — 106.39% with the RSDs of 0.21% —3.94% . Twenty-two
batches of samples were clustered into four categories, four principal components demonstrated the accumulative
variance contribution rate of 83.808% , isochlorogenic acid C, luteoloside, gallic acid, chlorogenic acid,

cryptochlorogenic acid, methylophiopogonanone B and daurisoline were taken as differential components.
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CONCLUSION  This accurate and sensitive method can be used for the quality evaluation of Qingguo Pills.

KEY WORDS: Qingguo Pills; chemical constituents; content determination; UPLC-MS/MS; cluster analysis;

principal component analysis; orthogonal partial least squares discriminant analysis

HRAETHER, &8, &5 LEmR, &
% XS, AN, WS 2R, BAT W R
B, FIRA DAL, I DR L5 36 7 MR e e g
PN, H 2025 4RI (P25 R
R RO EEFE, Sk [2-4] B
{CRH HPLC HEIE R B TR . EAT . GRS
i, BVE ROCFIZ T AT R 2 R IR
BN, XD 4T S B R B R AR

R e 850 8 3 - ER IR T R FH R (UPLC-
MS/MS) FEffHm REUE | Sk Rk AR o B i
71, BN EZEE T 2 B AT E T
WD, BTG T, B R R IX 435 R A
WALEY, FEARERT TR, JUHSE T
IR LA A v s Y R, B B g R
JUH Z B 0 S BT AT AEAE AN T LR B 2
BHLERZE A7 255 B4 14 [ B AG 0 o JC 4T, A
I, ARSI 7 UPLC-MS/MS ¥ [a] B Il 22 75 5% AL
TR TR, SRR, FReER . KBEH | ot
JERR C. MR | iR B IR, PR LA AR
TR, WMAEER, WIEELEL B, Wi, A
tF . AT, DUEES RS &, LIS
ARERE TR AL 2 A

RO 0 33 A B = T DU T R 3 B R A (&
Agilent Technologies 7 F] ) ; BSA323S #Y i + K
(5[ Sartorius 23 F] ) ; SBL-10DT %48 75 i 6 1L 1
VEHL (T UHZ AR R A RA R s B,
Centrifuge 5810R BYEL.0IL (7[5 Eppendorf 2AH]) .
1.2 &XAL5%H4 WETF®R (#5 16715, 4
JE=98%) . BR&tEIR (L5 5208, 4l =98%) .
ARBEA (#5 111720-201810, ZfiJF =93.5% ) .
SRR C (it 5 16660-S240001, 4
90.5% ) . itz £ (Ht5 100081201610, 4l &
99.1% ), AR ZE (L5 111520-202006, 4L
94.4% ) . A (LT 12676-S241001, 4l
97.1% ), EXAZE (5 16645, 4iJF =97.6% ) .
biE s (HLS 14721, 4 =99.7% ) . MR
T (5 15144, 4l =96.2% ) . ~j254F (5
18889-S240701, 4liJF =96. 8% ) . I Jt & & ¥ L il
B (b5 18853, 4liJiF=98% ) . Wi & Jrpkms (4t
518802, 4l ¥ =94.5% ). WA E (#t5
15304, 4HfE=99.1% ) Xf MR &0 [ i P4
FRUEde R R 55 A IRA W) S i Xt B (45
RDD-1.00701908029, 4lif& =98% ) W [ Bl #f & 7%
BPHEAY B AR AR, R 22 44, AR

vV vV VvV WV

1w W1, i, WEE, PRy Eagal; RN
1.1 A% Agilent 1290 Infinity I -G6460A Bl = HPLC %% ; /K 4K,
*k1 BRAER
Tab.1 Information of Qingguo Pills
%K %' Eline 7 I % ErRes 1Rz 7 i
Q1 S1 230701 W Q2 S12 240502 SRS
S2 230803 e G 7Y 22 Q3 S13 106230203 vy py 4
S3 230804 Va1 R S14 106231101 WrE KT
S4 240407 WK S15 106240302 TR EAMN
S5 240409 IR Q4 S16 21035062 Il =2
S6 240504 TR S17 22035429 VU A HR
Q2 S7 231203 JRG Si8 23035192 92 7 G 22
S8 240102 (SRS Q5 S19 23499001 PN =S
S9 240201 RUELIH $20 24499001 PR
S10 240401 VAR S21 24499002 ey Y 22
St1 240501 [SUNRS S22 24499004 i AT eAe
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2 HiESER

2.1 BiRH &

2,101 XPREARVAVR RS AR N B S E, H
B R IR B ) S B F IR 10. 49 pg/mL, %%
JRR 10. 25 wg/mL, FRERJER 10. 59 pe/mL, AR
AT 0.91 pg/mL, FELJFRR C 9. 15 pg/mL., #it
% 10.01 pg/mL Wi 54 55 75 AR 9. 06 pwe/mL., M
B9, 33 pg/mL, RKBH R 9.44 pg/ml, ¥ %
#10.12 pg/mL, HIEEZ 2Ll B 11.46 pg/mL
Wit 48 555 9. 86 peg/mL, FEEFF 9. 62 pg/mL, AjZh
1 14.07 pg/mL, M E X EK 9.58 pg/mL HIHF W,
BIfS, 154 C FRAE,

2.1.2 HEAMIAR BUKRSRIE S, O, BURK
250.5 g, WK TE, BTHEMEIHES, HEn
A 20 mL HE, FRoEaaE, A (Dh3300 W, A
40 kHz) A3 25 min, BB B BN JE U6
R F A, 8 000 r/min .0 10 min, B,
it 0.22 wm FAFLIEAR, HRELIEW, BIFR.

2.1.3 BAMERESNAW PR T L ATy, Ao

HIRCER T R BRAERAE, B BAb TR B
L BRX S BRE AT, B AR B MERE R, %
“2.1.27 TR JTIAlA, B

2.2 &% Brownlee SPP C (A3 (2. 1 mmx
100 mm, 2.7 pm); JAHAK (&% 0. 1% H R F1
5 mmol/LLREE) (A) -ZHE (B), BEWRE (i
BRI, 0~3 min, 90% ~85% A; 3 ~5 min,
85% A; 5~8 min, 85% ~30% A; 8~ 10 min, 30%
A; 10~11 min, 30% ~90% A; 11~12 min, 90% A,
EBE TR, 0~3 min, 90% ~70% A; 3 ~6 min,
70% ~30% A; 6~8 min, 30% A; 8~9 min, 30% ~
20% A; 9 ~ 10 min, 20% ~90% A; 10 ~ 11 min,
90% A) ; B 0.3 mL/min; FEiR 35 °C; HEkE
52 pl,

2.3 REAM RWEE R Ef ST
L WA S FALARIE ST 45 psi (1 psi=6. 895
kPa); B4 HE 3 500 V (5 1) . 4 000
V (IEEF); THRARE 340 C; ARHunE 11
L/min, HAWSHILFE 2, GEELE 1,

R2 BRARESH

Tab.2 Mass spectrometry parameters for various constituents

R4y i/ min B S m/z FEF m/z R4/ V i gL/ eV
BETFR 2.398 168.9[ M-H] "~ 125.0[ M-H-CO, ]~ 80 15
LR 2. 699 353.0[M-H]~ 191. O[ M-H-caffeoyl ]~ 90 15
Bk SR 2.708 352.9[M-H]"~ 173.0[ M-H-C4H,,04 ]~ 90 10
A FREAT 6.031 446.9[ M-H]"~ 284.9[ M-H-C¢H,,05 ]~ 165 30
SRR C 6. 857 514.9[ M-H]~ 353. 0[ M-H-caffeoyl ]~ 130 15
Witz % 7.482 300.9[M-H]~ 151.0[ M-H-CgH 0, ]~ 110 20
W e 5 5 PR 7.248 432.0[M-H]~ 225. 8[ M-H-C,, H;,0, ]~ 120 25
R LAY 7.379 493.0[M-H]~ 345. 1[ M-H-C4H,0, ]~ 120 6
AR H 7. 449 284.9[ M-H]~ 133.0[ M-H-C,H,0, ]~ 120 35
AR 7.980 268.9[ M-H]~ 222.8[ M-H-HCOOH ]~ 100 20
FH 22 A T B 9. 466 327.0[M-H]~ 206. 0[ M-H-C,H;0, ]~ 120 25
i 5 55 2. 664 206. 1] M+H]* 162. 1] M+H-C0, ]~ 100 25
ISESRED 3.301 498.0[ M+H]* 179. 0 M+H-C,5Hy, 09 1 90 15
AT 3.939 446.9[ M+H]* 271. 0[ M+H-C4Hg0, 17 80 19
WA HE 5.942 285.0[ M+H]* 270.0[ M+H-CH; ]* 100 25

2.4 FEFHEK
2.4.1 LREMRE 7 “2.27 “2.3” WAMT
HERENE , G5ARULIE 1, MERT R, 25 ik g
AR, KU R TP, RENZE L EE
RAf,

2.4.2 KMEXREEK
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” Al L c1 k A2 Ak 2
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#/min l/mm #/min #/min l/mm #/min
A3 B3 C3 A4 /’\ c4
\\ ) |
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f/min //mm f/min f/min /min f/min
AS N BS cs j\ h B6 c6
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/min /min f/min f/min l/mm //mm
A7 B7 | BS ﬂ cs
\
\ x
Wl w/ JJ\ Jl
60 65 70 75 65 70 75 80 65 70 75 ' 75 75 80 | 75 75 80
#/min #/min #/min 1/min #/min #/min
A9 BY &) A10 BI0 ’\ 10
L / \
SO Y -
70 75 8o 70 75 80 70 715 80 70 75 80 75 80 85 75 80 85
f/min 1/min /min f/min #/min #/min
All Bl il Al2 BI2 0 C12 |
I ”, :
TN,
~ 1B g]
il (11 W‘l N
LINIIRYY I
- \ V
9. 10 9 10 90 95 10 20 35 20 25 30 35 20 25 30 35
/min t/min f/min f/min #/min f/min
Al3 BI3 c13 Al4 Bl4 Cl4
\ \
,____J_Lkr A ,_\ﬁ\,,,
25 30 35 40 25 30 35 4025 30 35 40 30 35 40 45 30 35 40 45 35 40 45 50
#/min #/min #/min #/min #/min #/min
AlS BIS C13s
\
N
55 60 65 60 65 55 60 65
t/min f/min f/min
e A~C st B | s | Bt SARBAMERR &

1. WETm] 2. 4R 3.
11.

10. HAER

8. harpagoside

9. luteolin

2 & FlE I B

10. baicalein

11. methylophiopogonanone B

faskliiR 4. REBREA
12. B 55 ik
1. gallic acid 2. chlorogenic acid 3. cryptochlorogenic acid 4. luteolin-7-0O-glucoside

5. Mtk E 6.
13. ~jZyir

15. WHEE

12. dauricine

5. quercetin

1 ERSRBEFREER

Fig.1 Extracted ion current chromatograms of various constituens

13. paeoniflorin

14. dauricine

SRR C 7. WIRE ML 8. MM 9. REBEER
14, BEAAT
6. isochlorogenic acid C 7. daurisoline

15. wogonin
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R3 BFRSEEXR
Tab.3 Linear relationships of various constituents

3% EVEp¥E R? M/ (ng-mL™") LOD/(ng-mL™") LOQ/(ng-mL™")
WETIR Y=2.431X+1 448. 1 0.999 7 11.535~5 767.3 0.9 11.5
SRR Y=15.222X+8 186. 1 0.998 8 5.864~2932.16 1.3 4.4
[GESIA Y=0.949X+195. 981 0.999 6 6.354~2 118 1.6 5.4
PNZE N Y=12. 813X+646. 38 0.999 3 10.6~1177.8 2.7 8.9
SRR C Y=3.977X+5 217.2 0.999 2 9.15~4 574.775 0.1 9.2
i % Y=4.819X+356. 65 0.999 8 1.982~220. 198 1.4 4.6
i B 55 AR Y=0. 106X+7. 085 0.999 7 9.063~4 531.275 0.1 9.1
e AR Y=0.341X+0. 524 0.999 7 4. 664~2 331.898 0.3 4.7
N Y=8. 826X+89. 877 0.999 2 1.699~188. 8 1.7 5.8
AR Y=0. 198X+231. 05 0.999 8 50. 606 ~25 302. 8 0.7 50.6
22 4B e R B Y=9.455X+96. 593 0.999 4 9.165~183.3 2.6 8.8
Wi R 2 Y=19.397X-290. 19 0.999 5 3.94~197.207 1.7 5.5
SERED Y=2.443X-172.9 0.998 9 42.689~21 344. 4 10.4 42.7
B Y=18.775X+51 474. 1 0.998 9 56.73~28 365 13.6 56.7
WHE Y=91.284X+8 457. 592 0.999 9 11.5~3 833.2 2.6 8.6

2.4.3 KRR REEUUR “2.17 TR XA
CRRWOE R, FE “2.27 “2.37 TSR HEREI
6 K, MEETFIR, M. REER, KRR
L RERIEIR C, MR | Wi B bR, A TR
T, ORBRER, BER, WHEELELE B, Wil
B, AJEYAT. EATE . DU A F g E L RSD 4
Bk 1.28% . 1.72% . 1.00% . 0.97% . 2.70% .
2.02% . 1.33% . 2.72% . 1.78% . 2.79% . 1.38% .
2.01% . 1.27% . 0.48% . 0.79% , WX ek %5
R4f,

2.4.4 FOEMEIREE RS IR — 10 P A TR
(S21) ifimr, E|/FF 0,2, 4,8, 12, 24 h 1£
“2.27 “2.37 TUAAFFUEERIE, AR TR
SRR | BRERIRIR . KB FRIERR C, M
R OURIEE MG, AR, KBER, W
R, WAL BLEHR B, Bnl@ B o, ~T25H , B4
. DU IE AL RSD 405 2.43% . 0.56% .
0.26% . 2.07% . 1.01% . 2.66% . 2.38% . 0.72% .
2.29% . 2.77% . 3.66% . 1.01% ., 2.05% . 0.17% .
0.55% , RUIEWAE 24 h NWRENE RAT,

2.4.5 HEEMWIAE KEKREAS (S21) @&,
e “2.17 WUFITE AT R4 6 Il s, E
“2.27 “2.37 TUAAE R RN E, AR S TR
SRR, FRERIRRR . RBEAF | SRR C, itk
R ODRIEE ARG, R, KRBRER, WA
R, WEEZ ARSI B, WiE T, ~AT2h 8, mA
. WEA KT E RSD 4050 1.29% . 0.39% .
0.52% . 1.91% . 0.92% . 2.49% . 2.55% . 1.98% .
2.85% . 1.09% . 4.06% . 1.21% . 2.04% . 0.97% .
1440

0.85% , KWz rkHEMERL

2.4.6  JFERMCRIAR SRR (S21) 0.25 ¢,
AT 6 0y, INAGE X W, % <2.17 TF
kAR, fE “2.27 “2.37 WM
HERENE , TR RIOR, 2558, e TR, &7
R, Fasksiie , REBFH | RatJiik ¢, kxR,
Bl B AR, PR, RBRER | mAER | W
FLA A BT B, WRiR BN, AT, WA W
R ZOF Y AR LR 53 51 R 99.52% | 99. 81% |
99.29% . 101.67% . 95.26% . 103.01% . 100.73% .
99.26% . 96.14% . 99.57% . 94.52% . 106.39% .
100. 06% . 100.07% . 100.62% , RSD 43 %14 0.78% .
0.76% . 1.54% . 2.99% . 2.67% . 3.35% . 2.21% .
1.48% . 3.26% . 0.46% . 3.64% . 3.94% . 0.21% .
0.30% . 0.38%

2.4.7 FESAEREDE  HC22 fHEAEA, R O2.1.27
WU ik fil s il A, 76 “2.27 “2.37 i,
WA FHEREIE, TR AR, R LE 4,

2.5 FiHEF

2.5.1 RESN KL F A SIMCA 14,1
A, R Ward 2GR T E#HAT 0, SR
Bl 2, bl YRR 200 35 B 22 HEAE 5 2R
Jp 425, S1~S3 M 135, S4~S6, S13~S18 M
2%, S19~822 MM, S7~S12 AV, £
BN RIHE R FE i Z [BIAEE—E i 25 5, FIRelR T
JRRRZ P sl R . AR T E SR
M2 BRI E R ERE

2.5.2 EWGHT DS E S RAERSRA
SPSS #fF, LIRHIE(E>1 MR EhRME, 793 4 4~ F
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4 ERAEENEER (pg/g, n=3)

Tab.4 Results for content determination of various constituents (pg/g, n=3)

Y5 WETR LR IR (SN PNZE N SRR C LTLER N N e AR PN
S1 188. 17 184. 68 33.20 31.74 158. 56 62.71 61.62 4. 06
S2 227.17 183.24 38.91 30. 88 172.33 95. 08 34.21 3.65
S3 213.24 181.63 33.84 34. 15 162. 64 87.19 32.03 3.47
S4 245.43 215.83 40. 39 37.47 187.21 63. 90 94. 77 1.98
S5 237.71 197. 65 31.25 39.78 177. 68 64. 40 99. 06 1.62
S6 243. 88 192. 62 38. 18 36.94 188.22 75.18 102.70 1.95
S7 204. 89 174.51 34.47 27.53 152.35 39.05 133. 84 2.96
S8 152. 36 162.53 35.23 29.58 134. 69 39.05 105. 94 2. 66
S9 144. 94 214. 66 43.20 37.38 204. 82 61.88 144. 69 3.39
S10 136.71 204. 40 42.49 35.22 192. 87 69. 81 170. 37 2.94
S11 137. 80 192. 69 38.45 32.55 183. 86 56. 83 167.75 3.56
S12 145. 09 192.75 28.91 31.96 185. 45 64.32 161. 01 3.51
S13 189. 00 169. 23 49. 26 59. 06 199. 37 146. 74 96. 67 5.85
S14 202. 14 175. 42 25.59 38. 86 170. 38 80. 26 140. 42 3.81
S15 170. 18 184.90 34.03 38. 81 189. 02 119. 18 90. 42 3.55
S16 150. 44 196. 19 33.92 33.95 243. 18 146. 22 68. 34 4.63
S17 169. 24 210. 36 36.98 34.50 255.67 169. 01 54.18 4.57
S18 206. 08 222.43 29.92 34.31 258. 58 131.76 43.92 3.45
S19 437.22 176. 84 108. 55 32.83 331.99 55.75 134. 08 4.03

S20 410. 81 180. 63 157. 36 31.04 281. 69 59. 09 104. 12 3.02

S21 403. 41 182. 87 153. 14 31.71 289. 03 44.53 125. 54 3.22

S22 384.29 224. 05 162. 25 32.93 342. 84 29. 49 182. 67 3.19

S Wit Hz %% AR WEEZWLIN B Wi 5 AJTH LS DU A2
S1 11.35 821. 04 13.92 2.60 1564.92 1 934.05 174. 14
S2 14. 14 801.23 8.61 3.54 1463.18 2 082. 87 160. 44
S3 11.72 738.25 8. 80 3.58 1 461.09 2 065. 11 153. 88
S4 — 587. 09 3.18 2.75 1 180. 58 2 150. 24 98.78
S5 — 488. 39 2.76 2.44 1 148. 41 2 083.19 85. 46
S6 — 516. 66 2.71 3.15 1 221.05 2 134.61 88. 49
S7 — 1 486. 46 0.99 1.35 889. 62 1439.30 245. 58
S8 — 883. 59 1. 14 1.27 905. 07 1 480. 90 176. 45
S9 — 1092.51 1.72 1.58 997. 84 1 816.09 201. 30

S10 3.26 1 004. 37 1. 54 1.62 981. 58 1 980. 57 180. 90

S11 9.01 1184.71 1.57 1.45 888. 21 1923.52 205.29

S12 7.10 1 139. 69 1. 69 1. 14 1 094. 85 1922.19 202. 53

S13 — 734. 54 0. 61 5.54 1157.72 2 060. 92 128. 02

S14 — 569. 69 2.05 3.44 1 243.56 2 032.42 100. 09

S15 2.00 530. 38 2.44 3.27 1 154.85 2 115.52 101.73

S16 — 797. 83 2.81 4.51 1316.18 2 130.93 145. 41

S17 — 705.92 2.98 5.17 1 300. 32 2221.77 131. 48

S18 — 688. 32 3.01 4. 16 1385.22 2 265. 04 121. 84

S19 0.87 1151.49 3.16 1.90 1 099. 20 1942.97 201. 37

S20 3.43 1 503. 41 0.73 1.74 872. 88 1728.69 267.77

S21 4.28 1 570. 63 0. 88 1.94 899. 39 1 708. 95 290. 93

S22 5.46 1 140.92 0.58 1. 60 972.73 2 061.59 199. 49

Y — BRI

oy, BT 2 TTERER N 83.808% , WK 5,
P45 0 & 2 A SMICAL4. 1 8, 153

13orE, DL 3, BRI, 22 HEAE A 4 25,

S1~S3 MEE 125, S4~S6, SI13~S18 M 1T 2%,

S19~822 M2, S7T~S12 AV, S58RHKH

Br—3K,

2.5.3 IEAmE/NZFANGI ST ARSI
fib b, B4 A& S A SIMCA 14, 1 B4 A7 A5
B, BR@ERESE RX (AZRER) R 0.769,
RYY (HASRERE) M 0.843, FIRE IS5 0 N
0.749, ¥KTF 0.5, I H L 200 K& k55 A
BoRAEIGE IS, FRHETMRE ) BRI, WK 4~
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uQ1
Q1 4 Q2
100 _82 3 -83
80 =Q3 2 Q4
# Q4 1 =Q5
& 60 =Q5 = 0
g 40 :;
20 Z
0 ‘ — - Jj 21 3

B2 2#tERARESTE
Fig.2 Cluster analysis plot for 22 batches of
Qingguo Pills

B3 2#ERAETHADHESE
Fig.3 Score plot for principal component

analysis of 22 batches of Qingguo Pills

x5 THMFLESHEREHE

Tab.5 Eigenvalues and variance contribution rates of principal components

R ) GEER RN PR AT 5 AN
Bt T3 22 STRRE/% FRTTER R /% Bt J5 22 STRRE /% FRTTER /%
1 6. 000 39.998 39.998 6. 000 39.998 39.998
2 2.601 17. 342 57.340 2.601 17.342 57. 340
3 2.275 15. 165 72.505 2.275 15. 165 72.505
4 1. 695 11.302 83. 808 1. 695 11.302 83. 808
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of Qingguo Pills
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