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E: BW  H#57 UPLC-MS/MS L RIBHUE G AL R h R R iR . R8I G, AR R, RIBEI C, FEH A,
REENES, RERMR ., TR, MR R, SRS E, FiE S0P R A Brownlee SPP C (AREHE (2.1 mmx
100 mm, 2.7 pm); FEIAHK (5 0.1% FER A1 5 mmol/L L BRER) -2 M, BREEBEML; ABIHE 0.3 mL/min; iR
35 C; MMIFEE TR, EAEFAWN,; SRV, FFTRESI . FR P, E3S /N e f 51557,
HE OI0MEOTES AEENLME SRR (R*>0.999 1), FXhnke E ik % 94. 78% ~ 105.60% , RSD 1.18% ~
3.93% ., 19 ARSI R4 LT3, 5 DENT BRI ZETTIREN91.70% , FEZERBTHRMLHE | SHR, RE
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ABSTRACT. AIM To establish a UPLC-MS/MS method for the simultaneous content determination of
chlorogenic acid, kuwanon G, praeruptorin A, sanggenon C, mulberroside A, scopolin, ursolic acid, oleanolic
acid, quercetin and isoquercitrin in Zhike Pipa Distillate Formula. METHODS The analysis was performed on a
35 °C thermostatic Brownlee SPP C; column (2.1 mmx100 mm, 2.7 pum), 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  Ten constituents showed good linear
relationships within their own ranges (R*>0.999 1), whose average recoveries were 94. 78% —105. 60% with the
RSDs of 1. 18% —3.93% . Nineteen batches of samples were clustered into 4 or 3 types, 5 principal components
demonstrated the accumulative variance contribution rate of 91.70% , the main differential components were
scopolin, quercetin, morusin, isoquercitrin, chlorogenic acid and peucedanin. CONCLUSION This accurate

and sensitive method can provide a reference for the quality evaluation of Zhike Pipa Distillate Formula.
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cluster analysis; principal component analysis; orthogonal partial least squares discriminant analysis

TR EE BAVE I IR AR, IR
TR Mgk 28 RGE", mA
MeOEHER, ATEA . AR REERESMAR, b
AR & ZF I A s a2 R
G RE T IR W rp X % Ay MR RGN T R 1k % T
BT R AT A B 1k % TR A A 2 T
IS E N, WS THERY s 5 R 5 ] ot
SRS AL, IR B 0k AR T (EA AR i
B R 2 Ry 2R R i
FexEsemm, i H 2 26500 S BOL a2 R
K RARGEANREFRERE (BF, X
). WRRE . MR BB S

AT, J&TIA A 5 o i 45 il A 5% 32k
FH TLC ¥EM HPLC 5, HALYS B 1~3 Py, A
R A4 i 40y R, I EL R R AT A i
KRVE R Rk 2 s A il e br . ASOHORE €8 - R
KRR (UPLC-MS/MS) HEAREE S LRt
SRAFRR A, PR IHAR S0 2R FHIZ 7 3 (] s D 5 6 Atk
FEPLE IR, A A, REF N, KW
G. FIERTEIF R . RMWRE C. RERm . FFHURR |
Wit 2% . S TR A A, IR T et R s
5%, VAAIZ 0 o i R AR oR S8
1 ##

1.1 A% Agilent 1290 Infinity I -G6460A %I
RO €8 3% H3 B — DU AT B RS R A (95
Agilent /NGIDE, B | Centrifuge 5810R HIBE L
(15 Eppendorf /A7) ; BSA323S Bl 1K F (&
Sartorius 2\ ] ) o

1.2 XA 5Hy REH A (5 14821, 4ifE
=95.1%) ., Mt % (L5 100081-201610, ZiiJFE =
99.1% ), REJRMR (L5 14953, 4 =91.1%) .
KHEZENEE (S 15690, 4l =99.4%) Xf M5
BIr R P E A Y EOR A RS Rl 4L 2R R R
(#t5 RDD-L00701908029, 4% =98% ) . il i
1 (L5 RFS-Y07601904023, 4l =98% ) . M
fiil C (#tt5 RDD-S06902008004, 4fif=97% ). %
T G (L5 RFS-S15102107023, 4§ & = 98% )
XoJ HE it 357 Pl A i S5 L PR A W R A R R 4
i, AR £ (S 111711201904, 41 =
99.4% ) . FFELRRE (5 110709-202109, 4 =
98. 4% ) X R 5 22 Fl b B 2 R E 0 AT B
it JEIEMANER I TAb R B Wim . AR, T
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NCERR, TR, BRVG, WAL (45 C1~
C19), HAEWE 1, WEE, WK, LIF. LMy
IRCNT EL IR\ SEEL L)
x1 BEMEEREFR
Tab.1 Information of Zhike Pipa Distillate Formula

i "% #its KR

Cl 71 22151056 WAL AR
2 71 22151057 YA BT
C3 71 23153065 WE A Kb
c4 71 23153152 Jemt R X
cs 71 23154550 HIE KA
c6 71 23152916 )i JE i
c7 72 2209091 PuJIA AR T
c8 72 2209111 PuJIA AR T
c9 72 2212291 FRHTILIX
C10 72 2301082 JRAE A
Cl1 72 2302091 B PG 44 PG e Tl
c12 72 2303172 TR M
c13 73 2208002 I HRAEARSE
Cl4 73 2302007 LR BT
C15 73 2311010 IR I
cl6 74 2212002 TR LT
C17 74 2302001 WAL PR T
c18 74 2302002 VU148 AR T
C19 74 2305001 B[N ES SN

2 AEEER

2.1 mirH &

2.1.1 XPREAATR MEMEREE T A, B
LR, MR, RARE C. RER G, fE
MR, FPHUCRRR . AAERTAR R | AR NI I
W, BT 10 mL &, FEREIER R 22,
Tl B A 4 90 R 0.982 4, 0.950 6, 1.025 1.,
1.000 9. 0.989 4. 0.993 7. 1.176 1, 1.187 0,
1.379 9, 1.289 2 mg/mL MIGEARH, A% T IUA- it
HBWoER, BTH—10 mL 8, PESE, %
A1, RIS (£ B40 BT it vk BE 3 i) 9.824 . 9.506,
10.251, 10.009, 9.894. 9.937. 11.761, 11.870,
13.799., 10.316 pg/mL), 1RAET 4 CokFEH,
2.1.2 ksl s BUR A S mL, fIIA S mL
I, $£%47, 3 000 r/min 50> 30 min, H( 1 mL I~
W, BB E 10 L BT, PEES, #25,
0.22 wm FYALIEHET U8, HRELUEW, RIS,

2.2 &iEF&M  Brownlee SPP C B354 (2. 1 mmx
100 mm, 2.7 pm); WHK (& 5 mmol/L TR
B0 1% HR) (A) -85 (B), BEVEN (7
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BRI, 0~2 min, 90% ~85% A; 2 ~4 min,
85%A; 4~7 min, 85% ~30% A; 7~ 30%
A; 10~11 min, 30% ~90% A; 11~12 min, 90% A

EE TR, 0~3 min, 90% ~70% A; 3 ~6 min,

10 min,

ig 2 pl,
2.3 A H HEBIEE T, IENE TR

E
4000V (IFET);

N WEIAEE R, BN 3 500 V. (TRAET) .
TR 340 °C 5 HALISE

70% ~30% A; 6~8 min, 30% A; 8~9 min, 30% ~  J145psi (1 psi=6.895 kPa), “UKEMG R 11 L/
20% A; 9~ 10 min, 20% ~90% A; 10 ~ 11 min, min, HALSELE 2,
90%A) ; AR E 0.3 mL/min; FEIE 35 °C; ke
2 EBERSFRESH
Tab.2 Mass spectrometry parameters for various constituents
% P4 B8 1]/ min FEF m/z FETF m/z WS R/ V T RE R eV
SRR 1. 629 353.0[ M-H]"~ 191.0[ M-H-CyHz0, ]~ 90 15
FEHA 1.372 567.0[ M-H]~ 242. 8[ M-H-C¢H,,05 ]~ 120 18
Wi ptz 22 6. 483 300.9[ M-H]~ 151. 0[ M-H-CyH405 ]~ 110 15
M 4.928 462.9[M-H]~ 299.9[ M-H-C4H,,05]~ 140 30
R G 6.246 691.1[ M-H]~ 365.0[ M-H-C,,H,,0,]" 150 30
EE AL 7.232 404.0[ M+H]* 327.0[ M+H-CsHg0, ] * 75 7
R C 6. 846 709. I[[M+H]* 203. 1[ M+H-C5Hg-Cyy H 0 * 110 30
BN 3.008 193. [ M+H]* 178.0[ M+H-CH, ]* 90 20
AR R 6. 856 457.2[ M+H]* 411.4[ M+H-CO, ] * 100 15
FBUL R 6.736 457. 4 M+H]* 191. 1[ M+H-CO,-C,sH,s 1* 110 15

2.4 FEFER
2.4.1 TEMERE BOGIE . B SR A
R MERE S GE =, fF “2.27 “2.37 TiAMR
HEREDNE , R WL 1, mu AT, IR,
KUZOTER B R,
2.4.2 LMHEXRFLE

B B8 5 WOE =, FE

‘QT’QJ”\W#TLﬁWEOUﬁﬁ%EE
W AR (X)), WE BRI ALR (Y) #E1T
B, FELAEME L S/N =3 I 0 B A% B i ik 3 h
K BR (LOD), S/N=10 X 1 Y foe A S5 f2 v 75
ERIR (LOQ), Z5H LR 3, Al o724 H
TEFE NP R RAT,

x3 BERALMXR

Tab.3 Linear relationships of various constituents

% [l 75 R? LAMETEI/ (ng-mL ") LOD/ (ng-mL™") LOQ/ (ng-mL™")

SRR Y=17.445X+800. 982 0.999 7 153.765~3 075. 300 3.4 11.3
FEAA Y=0.396X-12. 635 0.999 2 58.944~4 715. 520 7.1 23.8
Wit Bz % Y=17.179X-0. 670 0.999 8 0. 501~ 10. 009 3.1 10. 4
SEM Y=17.310X-0. 504 0.999 1 3.327~66. 542 0.1 0.3
FHH G Y=58.312X+47. 122 0.999 1 2.981~178. 860 0.2 0.6
FIAETTHI R % Y=221.210X+2 589. 305 0.999 5 27.598~1 655. 880 0.6 1.8
B C Y=14.717X-8.233 0.999 8 0. 148~8. 905 1.2 4.0
R NER Y=75.355X+45. 237 0.999 4 2.578~154.704 0.8 2.6
AERTR Y=4.813X-70. 147 0.999 9 17. 642~1 058. 490 4.6 15.4
FEUR R Y=11.382X-171.873 0.999 4 17. 805~1 068. 300 2.6 8.7

2.4.3 KEEREERAL ORSERIBC <2017 WUR XS R (C13), &M FF 0,2, 4,8, 12, 24 h

EWGER, FF 2.2 2.3 WAMETRHREIE 6 “2.27 “2.37 WM FAEREIE, AR AR IR

W, MFSLRERR . A1 A, MR, S,
R G, AMERTSHR R . ARM ¢, R E M.
AESR R . 57 BCSR FR 14 1 AL RSD 43 il A 2. 10% |

1.74% . 2.97% . 1.76% . 2.13% . 0.93% . 2.30% .
2.07% . 0.69% . 2.95% , FEHIXASHG R R UT,
2.4.4 FREMEIRE  BCR — 4 Atk & R

R A, FHETT, R8I G, AERTHF R,
FMRE C, AREFNMEE, ABRIR, FrgCRg g R
RSD 43 %l & 0.16% . 0.32% . 1.14% . 1.33% .
0.34% . 1.63% . 2.67% . 0.95% . 1.46% (Hil jz %
KK, FEARAE 24 h WEEM: R,

2.4.5 WEMKK BOKS (CI13) EHE, %
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J\ /k ﬂ «i Cz
- VJ o WV
15 20 25 10 10 15 20 2505 20 05 20 05 10 15 20
t/min r/mm t/min r/mm t/mm t/min
\‘m\l\/m P —
60 65 60 65 70 65 70 50 55 45 50 55 45 50 55
t/min t/min t/min t/min t/min t/min
F B6 c6
55 60 65 f i 55 70 55 60 65 70 65 70 75 80 65 70 75 80
t/min t/mm t/mm t/min t/min t/min
A7 B7 c7
|
»M f
M \
- \Jm Y, W, SR —
60 65 70 75 60 65 70 60 65 70 75 30 35 35
t/min t/min t/min t/mm t/min l/mm
J‘ i_nr\ ﬂ P /\ /\ /\
65 75 65 75 65 75 . : . : 70 75
t/mm t/mm t/mm t/mm t/mm l/mm
W A~C il st B | HEREY | BeSR  R BAMERR S
I SRR 2. R A 3. MR 4 B 5. R2EEG 6 AERTINE 7. FREIC 8. AEFNME 9. AERm 10, ik

R
1. chlorogenic acid 2. mulberroside A 3. quercetin 4. isoquercetin
10.

acid oleanolic acid

B1 BHRORREE

Fig.1 Extracted quantitative ion

“2.17 TR 5k FAT S 6 el m W, TE
“2.27 “2.37 WA AR E, DA Sk R R
R A, i E ., REW G, AT R,
FMRE C, REFNE, RERRR ., FrEURRR 5 i RSD
Ay 1.97% . 1.35% . 2.12% . 1.51% . 0.71% .
1.56% . 0.81% . 1.33% . 1.70% (#itfz Z Rk,
RKINZIEEEE RS,

2.4.6  JFERISCRIRES RS E A S (C13) 5
mL, F6 173, i 100% /KA XFBE & W, 1%
730

5. kuwanon G 6. praeruptorin A 7. sanggenon C 8. scopolin 9. ursolic

BT aitE

chromatograms of various constituents

“2.17 W RS AEASS, F “2.2” “2.3”
WUAAE R HERED S, TR MR, 25531 SRR .
REF A, WRE, Sl RE G, AERT

IR . BRI C, REFNE, AR, FFEEk
Fig SF- 34 hm A T8l 0 2 43 I Sk 98.93% . 99.36% |
98.01% . 96.35% . 98.95% . 96.61% . 97.37% .
94.78% . 106.00% . 99.01% , RSD 4> %1%y 3.93% .
2.70% . 1.18% . 2.33% . 1.46% . 1.42% . 1.89% .
1.63% . 2.66% . 1.93% .
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2.4.7 HESEENE B9 HEAEMN, % oC2.17 MR, AR, SRR 4,

U el s il s, £ “2.27 “2.3” I

R4 ERHDEENELER (mg/mL, n=3)

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

Si's BER O RAH A OWEER RWRT REEGC PERTINER  RREIC O KEEAB O BRR O YECRR
cl 43.703 — 0.121 0. 468 — 6.425 0.075 0.215 0. 821 —

c2 45.078 — 0. 094 0. 490 — 5.635 0.077 0. 193 4. 661 2.761
c3 64. 530 — 0.129 0. 660 — 8.945 0. 026 0.257 2.840 —

c4 55. 866 — 0. 184 0. 906 — 5.092 0. 088 0.273 2.539 1.590
cs 44. 679 — 0.148 0. 462 — 6.481 0. 040 0.278 1.478 0. 983
c6 51. 056 — 0. 162 0.734 — 14. 426 0. 099 0. 382 1.525 —

c7 52. 560 4.588 — — — — — — 2.747 1.793
c8 46. 086 4.191 — 0. 692 — — — — 0. 580 0. 464
c9 34.613 1.910 — 0.327 — — — — 0. 869 0.711
€10 34.825 2.676 0. 044 0. 340 — — — — 1.413 0. 956
c1 13.011 — — 0.177 — — — — 1. 405 0.928
€12 20.293 1. 493 — 0.195 — — — — 1.047 0. 800
€13 25.737 22.957 — 0.326 2.547 17. 605 0.012 0.451 0.923 0. 659
Cl4  24.769 — — 0.073 — 7.056 0. 093 0. 246 5.187 3.458
Cc15  26.271 13. 636 — 0.188 0. 662 3.055 0.016 0. 209 10. 273 6.792
Cl6  25.348 17.192 — 0.539 0. 103 0. 879 — 0.118 5.570 3.623
Cc17  22.291 — — 0. 606 — 1.105 — 0. 126 — —

C18  27.453 1.857 — 0.797 0. 108 3.211 — 0.229 — —

C19  10.652 10. 346 — 0.315 0.070 1.123 — 0.132 — —

Rk

2.5 FEHZTFAR

2.5.1 B R SMICA14. 1 543 48 4
ST, SR 2, hrl A, MEEUEE
B 10 B, 19 AR RN 4 25, CT~C12 A T
%, C16~C19 M2, Cl1~Co N, C13~
C15 MBIV, Mk IE & R 20 B, AHLEE AR
h3%, C7~Cl2, C16~C19 K5 125, Cl1~C6
FEMZE, C13~C14 AHHE M,

| V4|

-7
50 | %i
40

#E

H 30

%

=

1554
[-=;

=

GC\\QQ' & @G\“C\'\C\C’C’C\bc\q YZodvivies Cbc\vc\'\’c\"J

B2 19 #REIEERESHE

Cluster analysis plot for 19 batches of
Zhike Pipa Distillate Formula

2.5.2 EWr ot RS E A SPSS 25.0
b, DARHEER T 1 A8y, M35 %
By, BRUT 2 DTS 91.70% . PR LR
A SMICA14. 1 B AF#EAT 0, SR DLIE 3, Wl
19 {70 3 26, C16~C19, C7~C12 A% |

Fig. 2

kK, Cl~Co AN, C13~CIS HHEME, 5%
FRorhr—2.

VAl

| _V#)
4 T =73
o ® o6 . 74
2 , o el ‘
= 0 ' _cseclo I o2
= c2g e v o3
2 i1 o 8Tt
* ol ocid
-4
s 4 0 2 6
1]

B3 19#ERMIEBERSHTRFHE

Fig.3 Score plot for principal component analysis of
19 batches of Zhike Pipa Distillate Formula

2.5.3 IEmE/NFAN AT TR,
BE B &S A SIMCAL4. | 3, 45
SRR, HBERMESHE Y (AZREERE) A
0.679, R’Y (HAE®HE) M o0.756, HGE S
#Q® 4 0.531, I HZ 200 KB AL E R B
UGG, RUIEAIFNRE S Kb, WLE 4~5,
PR SRR EE (VIP ) >1 R bRifEdiik
ZSVERGy, AR 3 B, A0 A (VIP
H41.27) &5 (VIPHHK 1.05) , KEFH
fis (VIP {4 1.03)
3 itig

R, RERIR ST RIEAAL M R
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Fig.4  Score plot for orthogonal partial least squares-
discriminant analysis of 19 batches of Zhike Pipa

Distillate Formula
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Fig.5 Replacement test plot for 19 batches of
Zhike Pipa Distillate Formula
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PE; FAGEHTSA H 2R R0 AR B 55 N R B AR e T T
d, B HOREDIRY L AL R
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[ FE A IRER AT RE S A = il R rh BB — 2k
BT 2B A K, (A mE s im g i s, R
[A)) " ZIA LM 5 Hh B2 v A o AR R
M, R R C, BiH . &R, H4E
FITAH 2, BRI A PP S A L R &
BT, AAAEFS S HEURE S AR A B R L
IRE SRR R O, DA B S  ER
KRB IR MARAR K FEAZG AR Ik,
T b — XA A R 2E = T 2 A TR ik i
PR, DU IRIZ R 2 A%
4 g

ARSI 57 UPLC-MS/MS 5[] isf il 22 VA n% At
EgE et E R, B A, REFEMNE, R
G. FERTII R | FMRE C, AERMR . FFHURMR
W= S S, IR T E T R 2E
98, WO IREAE, HERA TSR, n] A R R
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