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Quality control research of Yuye Qinghuo Tablets by UPLC MS/MS
multicomponent determination coupled with chemical pattern recognition

QIN Hua-liang, QIN Zi-long, FU Chuan-wu, XIE Jin-li
Liuzhou Institute for Food and Drug Control, Liuzhou 545001, China

Abstract: Objective To establish the UPLC-MS/MS method for the simultaneous determination of 10 active components
(geniposidic acid, chlorogenic acid, shanzhiside methyl ester, 3,5-O-dicaffeoylquinic acid, geniposide, mussaenoside, B-ecdysone,
andrographolide, wedelolacton, and dehydroandrographolide) in Yuye Qinghuo Tablets (YQT), in order to make a systemic,
comprehensive, and scientific quality evaluation of the drug combined with the chemical pattern recognition method. Methods The
chromatographic separation was achieved on Agilent Zorbax SB Cis (50 mm X 3.0 mm, 1.8 pm); The mobile phase was consisted of
methanol-0.1% acetic acid (containing 20 mmol/L ammonium acetate) at a flow rate of 0.3 mL/min with gradient elution, the mass
spectrum was scanned by ESI™ and ESI” multiple reaction monitoring (MRM) mode. And the content analysis was carried out by
cluster analysis (CA), principal component analysis (PCA), and orthogonal partial least squares discriminant analysis (OPLS-DA) to
comprehensively evaluate the difference in quality of YQT. Results Under the optimized conditions, 10 components showed good
linear relationships in the ranges of 0.352 5—14.100 0, 5.402—270.100, 0.205 8—38.232 0, 1.050—42.020, 4.020—160.800, 4.328—
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173.100, 2.044—204.400, 2.251—225.000, 0.232 8—9.312 0, and 4.708—188.300 pg/mL, respectively (> 0.999 1), whose average
recoveries were 95.02%—99.66% (RSD < 3.0%). The analysis results showed that the quality of the most batches was stable. However,
it was found that there were still slight differences in the quality of different batches of drugs by CA and PCA. Finally, six symbolic
components causing the quality differences among batches were screened out by OPLS-DA, they were andrographolide,
dehydroandrographolide, mussaenoside, shanzhiside methyl ester, 3,5-O-dicaffeoylquinic acid, and chlorogenic acid, respectively.
Conclusion This simple, sensitive, and efficient method can be used for the rapid determination of main active components in YQT.
The analysis of results combined with the chemical pattern recognition technology can comprehensively evaluate the drug quality as a
whole, which provide new scientific basis and data processing methods for the quality control research of YQT.

Key words: Yuye Qinghuo Tablets; UPLC-MS/MS; chemical pattern recognition; quality control; CA; PCA; OPLS-DA; geniposidic

acid; chlorogenic acid; shanzhiside methyl ester; 3,5-O-dicaffeoylquinic acid; geniposide; mussaenoside; p-ecdysone;

andrographolide; wedelolacton; dehydroandrographolide

ErHiE K (Yuye Qinghuo Tablets, YQT) &
DMEGOH R 25 BRI, B R &E. 0%,
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FHTTEIA T EEEEYI LR 10 PR bR AL
5 R PFHRR. SRR LEH FEE. 3,5-0-—
IR IEZE TR AR KM ESIEHRFRE. B-
Wi S O EE . BT R K S OE
W) FEATPREN E, FHEERES T (CA. E
B3t (PCAD B IS M fe /N — Ffed- 4 ) 43
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XTHE L B K 2O N BE (AL, HikS 110854-
201710, FiESHL 99.4%). FOSENES (A2, it
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L5 110749-201115, 541 99.7%)+ 3,5-0-—Ml
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mm, 1.8 um); WBIAHN 0.1% L8 (% 0.02 mol/L
CIRER) KIER-TRE, RGeS : 0~3 min,
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10%FFE; 3~5 min, 10%~80%F#¥; 5~7 min, R, B REFREEEILE 1,
80% I EE; 7~9 min, 80%~10% T E; 9~12 min, 2.3 RAXBEMBRNEE

10% FEE; AR E 0.3 mL/min; #:iE 30 C; ik
FEE 1 plo
2.2 JRigEMH

BRI B IR (ESD; B LHE+
4.5kV; B FUREIE 550 C; A A A 71 172.369 kPa
(25 psi); MWE%A K77 379.212 kPa (55 psi); 4Bl
B#SE 77 379.212 kPa (55 psi); Rl AR
PN 2 S IR (MRMD .. BARZSH

FEEFRBOLAEE G, B ST R PR, %
CEN TG MK ZEOMENEE . o7 a8 N e
-t F S B\ 3,5-O- MR 2 TR . SRIRR . &L
JeFH R R IE R, o E TARRME,
WEARIFMBE R ZIBE, REAT, T s X e ot i 5 R o
K% BN IR R/ OE R, N R 2 R
A7, WIS LM T S 8.232 pg/mL EM- &R
HIfig 1.731 pg/mL~ ZFC3EP B 2.250 pg/mL. MK

®1 BENIBRESH

Table 1 MS parameters of various constituents

5% fR/min B BFX (mlz) EiEHIE/NV fliERE eV
WEFHR 322 [M—H]" 373.1/123.1 -85 -26
SRR TR 3.57 [M—H]" 353.1/191.0 -55 -25
LLibE & 5.29 [M—H] 405.1/242.9 -75 -18
3,5-0- - WIHEFRHEZE 5 1 5.40 [M—H]" 515.2/353.0 -70 -22
T 5.47 [M—H] 387.0/225.1 -50 -16
Tt & AR A R 5.52 [M+H]* 407.8/229.1 80 20
B- 58 57 5 1 5.81 [M-+H] 481.2/445.3 115 21
20 JE N e 6.04 [M+H]* 351.3/297.3 80 12
LA i 6.13 [M+H]* 315.0/287.0 120 35
JBE 7K 25 o 3 P T 6.37 [M—H] 331.2/239.1 -70 —40

ZF0EN S 1.883 pg/mL. HE 11 1.608 pg/mL. 1
W55 TR 9.312 ug/mL. B-I %7 &5 2.044 pg/mL.
3,5-0- WM HEME L 22 /R 0.4202 pg/mL. 4% i R
2.701 pg/mL. 3 JE L 0.1410 pg/mL FIVRA X HR
VAT o
24 HiXSARNSIE

HLYQT 20 J, BREGAK, . R HRELAH
¥ 0.5, BHEHIVMA, FEMWAFE 20 mL,
FRoE s, #7530 min, HGA, AR EEANEIRR R
&, Y, B EER 1 mL, & 100 mL &
H, IR EEREREZEZIE, A, F 0.22 pm FFLIE
JEEuE I, RPAS A VA
25 KMHRMEZR

K2 B EC2.37 TN VR A5 IS AR 1.0 mL,
# 100 mL S, I RS R R 2 AR AT, 152,17
A “2.27 TR S&AFRERE S H, Il OGRS A
U7 s R R0 o R AR NS PR AR, DAE R LR
301 A 1001 Zrailih R IR AE R, S5 R
*2.

2.6 ZKMXRER

Y %08 HE i 2% VP R R AR, T AN TR
JoR R P FAVR B T B ARV, 75 “2.17 F1“2.27
TR FE, DA SR AR AL RS (XD, VTR
NPARE (V) AT, 255K H, 10 Bk
SIAEAR BTG Bl N 2P R R A, LR 2.
27 RBEEER

HUt5 8 896019 HIFES, 1% “2.47 WiRJ5ik
il 2 HE IR, SRR 6 IR, Il g AL, W
1345 AT VE AN RSD 0 BN B PR 1.3% 4%
JRER 1.9%-. WIAGE HEE 1.1%- 3,5-0- e 34
T 1.6% Wa T 1.3% EM-ESIEEFHR FEE 1.7%-
B-Wi K K3 2.4%. FOLENBEE 1.5%. B2 A IS
2.5%- MK OEN TS 0.8%, K% EH BIFH)
2.8 FREMER

HUt5 4 896019 HIFES, 1% “2.47 WU RNJ7iE
AR, 9T 0. 2. 4. 6. 8. 12 h %
“2.17 K 9227 TURAFINE, R EaEE, S
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Fig.1 Extracted ion chromatograms of analytes
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Table 2 Linear relationships, LODs, and LOQs of various constituents
5% =375 72 L PEVE R/ (ug'mL ™) r e BR/(ngmL™) B &EIR/(ng'mL™")
U 5 P T Y=388997 X—0.476 5  0.2328~93120  0.999 7 0.75 2.50
7K 2 0o 3% PN i Y=35761 X—39.000 1 4.708~188.300  0.999 3 25.00 83.01
203 P i Y=10537 X—3.076 8 2.251~225.000  0.999 8 3.50 12.00
E-E e F R R Y=214 323 X—232.79 4.328~173.100  0.9993 2.70 9.00
B8 17§45 P Y=367 351 X—504 961 2.044~204.400  0.999 4 1.70 5.60
LLE EF H B Y=115928 X—0.057 3 0.2058~8.2320  0.9997 1.20 4.00
3,5-O-ZWMMERE R L B8 Y=218 976 X+89 995 1.050~42.020 0.999 9 0.93 3.10
Va1 Y=36 385 X—0.082 9 4.020~160.800  0.999 6 4.60 15.00
SRR Y=862 609 X+988.57 5.402~270.100  0.999 8 0.49 1.60
e PR Y=166 604 X—0.0573  0.3525~14.1000 0.999 1 3.10 10.00
B WET A RSD 3l A E e P HIR 1.7% 4R B-WiR S EH 2.2% Z0ENEE 1.1%. 804 P g

12 1.8%. IUHEE FIES 2.1%- 3,5-O- - MHkEfE R L 7
B2 2.6% o7 1.3%. EMHE&EER T 0.9%.

3.7% WiKZECIENTE 1.5%. 4R AR A
12h WEaE.
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B 58 896019 [, 1% “2.4” WURNTiiL
Hl AR SR 6 13, $% “2.17 F1 “2.27 TR &4
W5E, il kR, WS % %o & & RSD 205l AR
JE AR 0.9%. SRR 2.0%- LIHETH FE 1.2%-
3,5-0- " WMHEREFEZE TR 3.2%. METH 1.6%. Lt
ST TG 2.8% B-WiT S H 4.1%. FOEN
fi 2.4%- S/ULAG TG 3.7%- MK OB NG 1.1%.
K Z LM EE N RIT.
2.10 AR IS

HY L& R (896019) 20 F, B4,
W, KW 6 1y, Rr 0.25 g, 70l EHEIEHH
B, RN A T 3 R R A T i

BIWWOER, 1% “2.47 TUR 7l & 40 A i
HBERE 1 L W5E, THEINRE [ENCR, 45 5 5 Je PR
SRR, ILIAEEF S, 3,5-0- InnEmEREZE TR
PEFH . EMSAE i Fls . -l S EH . 270
PB4 PO TR 7K 28 0o N TR 1 ~F 350 IR [l
WIS N 97.94% . 96.46%. 99.66%. 96.92%.
98.32%- 95.54%- 97.60%- 97.00%- 95.02%- 98.06%,
RSD 7374 2.18%- 1.34%- 2.61%- 1.11%- 1.19%.
1.47%. 2.74%. 1.74%. 1.21%. 2.29%.
2.11 HREENE

FEEFRE 10 NMAFERLK YQT, &tk 2 17, 1%
“2.47 WUR 7 it Vs, (E “2.17 F “2.27
WAE TR E, TE S8, SRILE 3.

#3 YQT #&%F 10 MRADWMNELER n=2)
Table 3 Content of 10 constituents in YQT (n = 2)

FE(ug

#its  HEF P e HE  3,5-0-—unmHE - KM B HOE W BKED
HIR H i eI 22 TR HIRHE R Wi P A g
896014  14.762 93.124 65.452 202.872 1284.197 91.032 17.942 152.045  4.136 955.046
896019 14.267 152.774 54.363 279.886 1529.227 129.889 8.001 276973  2.058 1104.177
897004 11.338  120.835 52.497 234.641 1315.745 127.436 7.489 293.638  2.198 1 147.385
897005 14.532 153.342 77.585 293.414 1714.339 140.341 8.328  352.628 1.846 1 084.823
897008 15.299 174.714 121.830 330.903 1717.194 117.328 9.524  432.006  7.397 1 089.721
898003  91.296 128.047 114.760 272.147 1391.228 139.439 10.711  295.392  1.800 1118.782
898008  29.198 163.243  106.650 295.763 1723.376 95.821 9.146 622.737  2.185 1 285.636
898010 26.392 261.395 108.870 313.719 1572.715 96.032 9.469 697312  7.651 1268.732
898011 74.574 181.133  105.130 335.672 1 654.348 94.809 9.195 617.856 2271 1355.726
898012  26.316  140.527 107.770 273.322 1898.211 96.946 8.732 638.634  0.942 1231.349
212 CA

10 HEFESD 3 UCPAT SR 1) 10 Sesr &
B NAE, S SPSS 19.0 HE M tbd, R
H R2GCR IR B 227 fik (Ward 75, IR
77 Buclidean 25 B AE AFE &I EE, SIASFIHRER 2 18] 1)
FEMIET CA, HARE, 7EFEE 15, W 10
LR 2 K3, WK 2. S5 (897008). S7
(898008). S8 (898010). S9(898011). S10(898012)
BN 124,S1(896014).S2(896019).S3(897004 )
S4 (897005). S6 (898003) F A 2 2. EHMH
Mrix 2 25 SR P2 i), T DUR LSS 1 R4k
FEAE Ay T BAE TR 2018 4, 5 2 KRB BAEHTE 2017
SEAT 2016 4, T B AEAH T IS 8] A2 77 RO b 25 B A0 7%
L, T HEBRE, A AT RES AN F A 1)

AFETLZ REEHIR R DL 256 5 2 2
P
2.13 PCA

N WEER Er T YQT ANEHEIK 2 (A5 &
FE M, ASEERH 2 o BdE A P Simea 14.0
XA F R 2 (B R 4T PCA, Wil 3, o 10
Bz 1 i = w2 ) HIE 2 SD (standard
deviation, AR#fEMZE) AiAy, REARLIR Z A 275
N, RRERECONARE; EHALK S1 (896014). S7
(898008)+ S9 (898011) [ ii & fmZETE 1 SD~2 SD,
BHARRA A £ R, Bl EaE (B 4 5T
HEERNELERER, TR A2 CFOENE X
R B ot B 22 DTk O, 2 A1 (B K 78 0
WEED . A4 (3,5-O-WMHEBEIEZE T/ ). AS (4R
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Fig. 2 Dendrogram of 10 batches of YQT
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Fig. 3 PCA scatter plot of 10 batches of YQT
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Fig. 4 Loading plot of 10 active components
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LR 1A ) R 22
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451 254 S5 (897008). S7 (898008). S8 (898010).
S9(898011).S10(898012). 4 2 354 S1(896014).
S2 (896019). S3 (897004). S4 (897005). S6
(898003), & HA1 iR EBE T —2L.
2.14 OPLS-DA

T B B BT R R [ S i R A 2 T () 2
S, KRBTSR A W) OPLS-DA AR k4T A
T, AR EILE 5. BRI SERT A, B
HERERRRE R SR RS =0.628, BRI 4y B R? =
0.948, HAITHIM S 0°=0.837, KT 0.5, £
AL R A e LT RS 0 E . R, 456
A EEMHAE (VIP) 1% HBe 5] A Rk
YQT 57 % 7 M E AR EM RS, BLVIP K/h>1
() B3 i 2 S DT RR IR IR oy - B 6 BT VIP>1
RIS 6 4, HRIR/IMKIRON A2, AT, A4, AL
A5, A10, 1ZE5 R 5 PCA Ry B -0 1 E Z AL
AR KA, KL, EAEDRAFRRER Z 18]
FEAEZE R () E AR BRSNS RIHE IR & A
EFEMEH, FIE~ S ER S YQT MER—
vk, FESEBRAEPE R EN B 6 Rl S Rk

ITE SR, Db MQZ@mﬁgﬁﬁ
4!
0]
S1
3
2
=)
= 1 S10
S5 @
o e 9S8 o
s3e ¢, $7
_ @ @
: seo 5 S9
-3 -1 1 3
t[1]
5 10 #t YQT #5H#) OPLS-DA 8 =557 &

Fig. 5 OPLS-DA scatter plot of 10 batches of YQT
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3 it MR, MEA XA A RE S DR IE 24 5 5T = R AR

31 BIZRMGMIRE

AR A DG SCHRIRIEY, SR8 4 Tl 5 8 T H -
0.1% FF R KW~ FEE-0.1% LR /KIEW - 2. 15-0.1%
LRIKTS A TR BN AR B €3 7 B AR, SRie Kk
By 2R EE-0.1% LR K OV IR B AR, &4
MRSy 350 27 LI I TR e o B B . BT YQT
HERRRERS, iR RIS, Fffkit
), S — R8T AE LA AR S A AN [ B A5
[ R4 (5+ 10+ 20 mmol/L) i Xof % €0 1 e 1) 52
Wi, 25K, FEMETE 20 mmol/L Z AL &
FRATUETEAREE, B FERUR AL . I, e
FE-0.1% B8 (& 0.02 mol/L ZI4k) /KB N
FERBNAR . BEAh, SR PR BE BRI 7 V2 T 4 v 4
SR, 1E 7 min N RIATSZIL 10 Fsisr 1A 2L
I3
3.2 MBS ARIRSE

2 [ SCERTERHOVE I, YQT o 10 Fai o)1
PEHUA RIS AAEE, SEIRH 8 T RIUER] K.
CEE. ZHEM 10%. 30%- 50%-. 70%- 90%-. 100%
) 0 25 A0 8 i J87 P ) 5200 o 305 R % £, 13
BRI, R 100% 9 BEXFE Sdb T 3R B, &%
BRI N v BREUE N e AT, W e 2 EEAE
PRI .
33 KURAHE R

R YQT 1 10 Fabs sl 7 B4 27 14 Jo A0 €3
F7 RO, ARG T IE . s T SO S
DRSSy me LB 2R, SEIRZE BRI, TEE T
NN R, FOENER. B EERR T E.
B- It Rz K5 A 7= A R B 1 e R A = HLARE T
3,5-0- " MHEBERL ZE TR . K O ENER. 1L HE
HHEE. SRR RePFHR. B EEN S5
R S PRk, ACSEES R [F]— 23 i A A
1B BT [RIE ,  REET 1 Ak I S o v A
ZAMERR, M KHBZE S T o pr i 1A
34 HEREBESH

M 3 ATLUE H, BRuEe P ERR . 70 N EE.
WEZUE AR N R AE A AL ORE il b B B 2 R ROR AN, I
filn 7 o 1 B B R, X AT e R
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