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Fingerprint study of Wendan Decoction by UPLC-UV-MS/MS
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Abstract: Objective To study and establish the UPLC fingerprint of Wendan Decoction (WDD), to ascertain the medicinal source of
chromatographic peaks, and to identify the chemical constituents for providing scientific basis in effective substance foundation and
quality control of WDD. Methods The fingerprint of WDD was studied by UPLC-UV, and the similarity threshold of 14 batches of
samples of WDD was analyzed; The medicinal source of commom peaks was studied by negative control method; UPLC-MS/MS
method was used for the qualitative analysis on chemical constituents in WDD. Results The UPLC fingerprint of WDD was
established, the methodology was examined, and the method showed good precision, stability, and repeatability. The fingerprints of 14
batches of sample were studied and 22 common peaks were signed. The similarity threshold was compared, and it was between
0.863—0.998. Five constituents were identified as hesperidin, neohesperidin, naringin, liquiritin, and glycyrrhizic acid by comparing
the retention time and ultraviolet spectra of the peaks with those of the reference substances. The attribution of 22 common peaks was
analyzed by comparing with negative control. UPLC-MS/MS method was used for the qualitative analysis on hesperidin,
neohesperidin, naringin, liquiritin, and glycyrrhizic acid and inferring eriocitrin, isonaringin, poncirin, and uralsaponin B. Conclusion
The method is stable and reliable, providing a certain reference to substance basis of WDD.
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#HHY% (Wendan Decoction, WDD) 4 Jjj 244
J7 s R Rt A i ARE 5z M,
SCHRAC AN A B AR 44 R kA SH BT B ) CAR9 7)),
A JE NI AR RS (R —RuE 78 )
HEWIE YA 45 MR MR, (RT3 U B2
V) ARG RS, ROUATRIR, B
FE, 2z, SOATERD, HOE NS A
SEZ, EE A, PR, RETEIR, O
o, ARENANZE” G, WIHAIEIRN ) 2, S
FE R TR, 39 T UL L3 0 A 30 2 1 R
AR IR GRS ¥ e, RIURAN . S
KisZ Wb, ¥ITHMS, Rdr. MR, BERAE T
BTty 2

H TR 1) B 5 ) g T s b, frkiE
SRR 03 6 6 B V0 s i AE 3 v i fr &0, B
SHEALZ T 4 Pz oy 34T e B, Hh2g
BITPRZ, ARERAYEL 2T, 24
RIAERIT AR, FURe RO B2 iy ok 1 Pk
v 24 ¥ SC R B AT A TP S AR A IR R A
I A T BRI 25 1 S T By, AT g
HSRE R W RAEAS B T2 N Ty (rh2hst
SEHCIRAL T I BRE R R0 A
WU UPLC-UV iR SR NHA IR SR, N
AR bR R B AT B PR, IR 4G UPLC-
MS/MS VF50F ooy BEAT 5 1 4047, 1) WL IE 32 49 Jot
VEFHFERS, A PRk 52 77 I R FH 24 22 4 A R0R i i
EILTIRR ey B o I
1 X5

Waters Acquity 8 & SR AT R, B E - Jtm
JEAE. EZ i/ RE . At FERAE. TUV
K es, S¢HE Waters 24 7); Waters UPLC-Quattro
Premier XE —H PYZAH I, Bl# Binary
Solvent manager. Sample manager. Quattro Premier
XE MS. Masslynx V4.1 i TAES, EEH Waters
/A +); Sorvall STI6R i B Lo#L, ##[E Thermo
Scientific /A 75 Milli—Q 4Lk L, [ Millipore
AF]; ZDHW B A, Jbath X As A
PR 7 ; Mettler Toledo XP205 HL T 43 #1 KF,
Mettler Toledo (X #5 17 PR 27 ; FA124 R, Eifg
S FAE AT PR 2w

IE 7y 8 WRZA A4 ) B 22 1R T 50k 2R O
ABRA T, SR B 25 K57 B 255 ool 7
RS E, FE G WIS by SEHD oA

Keg k- E B Y5 Pinellia ternata (Thunb.)
Breit. [\ Fdhzs, Mraf (G2dh: o8, 4R TT
74 S RAFRMEY T AT Bambusa tuldoides Munro
PIZEAT I TR a2 BREE G=H: 2= P9I,
WIEE) AN=FRHEYINE Citrus reticulata Blanco M H:
RRRFAR TR R . s R PO)I, VT
PO HZEFRIRIYEERS Citrus aurantium L. & HAR
BRI TR, K% Gt 28, 28D N
% fLHEFIEL R 1KZ Poria cocos (Schw.) Wolf T4
W% B L7t RSO IEBUER . by B
3%, HRCANSEE (D (). (3] WERHH
@ K4 H % Glyceyrrhiza uralensis Fisch. [T
MRRZE, A2 G 708, SN AR AR
B MY Zingiber officinale Rosc. [BHEAHEZE .
KA G2 2R, TTRg k) O R R A
Y Ziziphus jujuba Mill. TR sz, H,
i SR I (R E 2 ) 2010 AR B %
1D M@ TR 225 . B RN & O it AT
Hil, MR R G R H R,

PR AF (b5 110721-201014, HELL 95.1%
PO HRE AT (IS 111857-201102, HAELL 99.6%
WL MR (IS 110722-201111, HELL 93.2%
WL HER (IS 111610-201106, HAELL 93.7%
WO R (LS 110731201116, HELL 93.1%
T Bl B b E 2 A RE R Ltk
4li, Fisher Scientific An]; A HBAIK; FERNE
Al JREGE R TR
2 HEEHR
21 HiXEARNHE

BCERE (EHD. ran. s G %6 g,
MR 9g, S HH3g, K& 45g, HES5 ), K&K
LM, E7RUER 40 g, BT 1 LIEEKA,
AN 15 58K, 294 600 mL, i 30 min, [Hli4E
3k, BRR 1.5 h, B IFEREGH, M ATHIEZ
T DU TG R 8, & T30, Wi 2 400 mL,
B 1 mL & 8.0%, 10000 r/min 250 10 min, B I
THBH 022 pum PRALIEREERE, BPFSH I i
W
22 MEREAEREE
221 RAXHEEWEIS  REEOE R R
Rl R BT R H R H RN R 0.5
mg, EFET S mL &N, InFERRERZIE,
if 0.22 pm FALIERE, EIFE.



+ 3410 -

¢ &% Chinese Traditional and Herbal Drugs %5 45 % % 234§ 20144E 12 A

2.2.2 XTI R IOE RS BT
PR AT« BT B2 H R RE RN L - 0.5
mg, ZHIET S mL &EIRA, IR SR,
it 0.22 um FAFLIEME, HPAE.
23 BIEEH

438K 4 Acquity UPLC BEH Cjg (100 mm X
2.1 mm, 1.7 pm), WMBNFHA LIE-0.1% F R/ E s
BEEEVERFLY: 0~5 min, 6%ZJE; 5~6 min, 6~
8% ME: 6~10 min, 8~11%24JF;: 10~17 min,
11~16%Z % 17~23 min, 16%Z i 23~35 min,
16~45%Z.Jf5: 35~38 min, 45~80%ZJE; 38~40
min, 80% 2. BEEEE 2 uL, AR 0.3 mL/min;
Ky, 237 nm; K1 25 C.
2.4 FIEEH

HIME 254 B U, B A GBI A
120 “C)H; BAIAEHIE: 3200V, FEf i m/z:
100~1000; T AW E: 10 L/min; TR
JE: 300 C.
25 FikFEgmit
251 KA BRI, R
6 UK, 43 lc s a g (1) R B IR TR RS TI RS, DA
FE AT VR AR B I T R B 2 ), TR S I I
AR B I IR) Cte) FOAHXFIGIAN, 45 R %
LAty SAHXTIETIAR ) RSD BT 5%, FHIL
A KE R R AT
252 FEMERE R E IR — R N 2
ul, Z29AE 0. 3. 6. 9. 12, 24 h ¥EFE, 23 WAdsk
Tl U R LR B IS ) RHGE T, LRSS B 1 U P £ B 1)
[ FNUEETRIAR A 2 R, TH & AT 1) te FAHDG e
B, ARSI tg LA TRIAR Y RSD 1)
KT 5%, KPR A 24 h W .
253 WEEMRE 4% “2.17 WU5ikml R AhR
AV 6 1Y, F% “2.37 TR AAEIERE, 43l sk
UG 1) DR B IS TR RIS TRIAR, LUK g T e 1) O B I
(AR TR A 2 HR, T S L AT WA TRt R U ff
B, SRR ST tg SAHXTIEETIAR Y RSD )
KT 5%, KPEEMHERL.
26 HHNE

K4k Ty 8 Fh b AN A= M b AT HEZ 4
P43 2] 14 HEENIRZ 5207, BARZIM R IT LT K
W 1. 14 #7807 (S1~S14) 4% “2.17
TR 77k A, Fc IR 92,37 TR AT
HEATIE, Al minE.

F1 14 #LiIRARZE FHIZAMRIR

Table 1 Sources of medicinal materials in 14 batches of WDD
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S5 b AR WU YEVE mEE NZE (20 T
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S8 MM IR Wi DU 2B AEEE () iR AR
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S10 B YLV &R PO = WEd (D iR ik
SIT S0 J74& PON WUl =7 AIZEE (20 SiMl LAk
S12 dfdb VG iR PO = WEEE (3D SR TR
S13 Bt VG WIE TLVE =M A (D IR LR
S14 b )& PO VIV o s () s ik

2.7 EYENLRYEIL
271 ZHYIMES  7F UPLC K, 26 min /2
A P B R U e T R B K HLRRE 8 5 0 TR 0] TR
Y rE AR AT, MOERR LA S I,
2.7.2  FREUERE ST RAHUE R SRHE R
B A5 10 < [ i S BEARBLURE VA R 45 (2004A
W7, PR 14 #EE AR 7 UPLC K, #fe 22 4N 3%
HlgE, T 14 HLiR Rz e SCEE S K (& 1D,
£33 T IR A AT WX AR S (R, AR
5 R R, W T 14 RS PSR S0 AL
7E 0.863~0.998, 1t B A LR it IR 272 Bl 23 B A
FRAELLE— 8, SRR 20 55 14 HERE S IO ATARLEE
TG, R DR AZ AT ot oL 3 06 T R LAt R A B
A —ENER, Xl ieSZfam I 2im = mAa
FF 2, B EES AR P~ Hh 2544 4 RS 7 43
A SC .  FHARALRE oA 45 L m andR e B itk b R
AT DR G b Jsg AN )bk il IR 1) o 0 8, T
TR 1 s AR
2.8 RBEAP BT ERIERIIEIA

X6 4% 06} B 3 3933847 UPLC MlE, W 84506 i
an (R OR B IS ), SR i B AT LR, e 2%
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Fig. 1 Overlap plot fingerprint of WDD and its reference fingerprint (R)
F2 4itEREELEEENUE
Table 2 Similarity threshold of fingerprints in 14 batches of samples
- AL
H
" S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  Sl11 S12 SI13  S14 XK
S1 1.000 0.995 0974 0.971 0988 0.996 0961 0.949 0982 0.962 0981 0.976 0.982 0.897 0.986
S2 0.995 1.000 0.989 0.989 0.996 0.997 0972 0.974 0979 0.967 0977 0.990 0.992 0.933 0.997
S3 0.974 0.989 1.000 0.994 0.995 0.986 0.950 0.984 0.946 0.937 0.942 0.988 0.984 0.968 0.991
S4 0.971 0.989 0.994 1.000 0.991 0.983 0.969 0.985 0.957 0.955 0.950 0.987 0.986 0.963 0.993
S5 0.988 0.996 0995 0991 1.000 0.996 0.961 0977 0965 0.953 0.963 0989 0.989 0.948 0.995
S6 0.996 0.997 0986 0.983 0.996 1.000 0.966 0.967 0.980 0.962 0.977 0.988 0.991 0.926 0.994
S7 0.961 0.972 0.950 0.969 0.961 0.966 1.000 0.965 0.987 0.995 0982 0.975 0981 0.895 0.980
S8 0.949 0.974 0984 0.985 0.977 0.967 0.965 1.000 0945 0.952 0942 0.992 0987 0.972 0.987
S9 0.982 0.979 0.946 0.957 0.965 0.980 0.987 0.945 1.000 0.991 0.995 0.971 0.981 0.867 0.978
S10  0.962 0967 0.937 0.955 0.953 0962 0.995 0952 0.991 1.000 0.988 0.968 0.976 0.869 0.972
S11 0.981 0.977 0942 0950 0.963 0.977 0.982 0942 0.995 0.988 1.000 0969 0978 0.863 0.975
S12 0976 0990 0.988 0.987 0.989 0988 0.975 0992 0.971 0968 0.969 1.000 0.998 0.952 0.997
SI3  0.982 0992 0.984 0986 0.989 0991 0.981 0987 0.981 0976 0.978 0.998 1.000 0.941 0.998
S14  0.897 0933 0.968 0963 0.948 0926 0.895 0972 0.867 0.869 0.863 0.952 0.941 1.000 0.948
X 0986 0.997 0.991 0.993 0.995 0.994 0.980 0.987 0.978 0.972 0975 0.997 0.998 0.948 1.000
PRI LZ B SR B POt 2 IRARTE STEks

ff) UPLC 4 fFHEf I E, Huis = e g0 & it
IR LA, 25 SRR IIAR SRR I e S i 3
HUEM DTk, BRI SRRz . H, 8 Sig
KW T4 1. 24 4. 64 120 14, 164 17, 19,
21 SUESRUE T MR 1. 20 3. 4. 5. 64 7. 10,
11, 12, 13, 14, 15, 16, 17. 19, 21, 22 5§k
PFASE 30 9. 104 18, 20 SR T H &, 20
SUWCRIE TR BE. RE KA R

2.10 UPLC-MS/MS EE 2 #7

KH UPLC-MS/MS %2 i IHZ A it P 140 2%
BGrs WA FE S AR S R R IR HE S T T
g M—H], B N AT 40 5 1) i R
il o B EUASRF: Sl AT Lt 4D O B B i) R0 B 0 £ 24
FEFRER S 5y 3R 3 B &ent it i
Bt 1 P R B I ) 1) s DA B Rt I vt SR A A 1) 2
Brs HEWT T b 1 B 2R g B N N I T



3412 - ¢ &% Chinese Traditional and Herbal Drugs %5 45 % % 234§ 20144E 12 A
A B
9
r | 131gs 18
SN | W W N S
. , e —
C D
18
14 15 \ 1314 5 |
9 9 \ 1r
|
WM\. I | |
| | [t
‘ | | i | f|_ || I
1 o | L ||]‘}‘_|-‘l..1|
\*p. | ‘-.'.\.I*I." I'-.' i At | o 1 L r‘ i ‘I N
t/ min
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A-blank solvent B-mixed reference standards

C-sample of WDD  D-ESI-MS total ion chromatogram in negative mode 9-liquiritin

13-naringin  14-hesperidin  15-neohesperidin  18-glycyrrhizic acid

2 iRBZR UPLC-UV EIREGBETRASBEFRE
Fig. 2 UPLC-UV and ESI-MS total ion chromatogram in negative mode of WDD

#3 REZHEMRISEIEFEXCERSHEE
Table 3 MS data of WDD and identification of related chemical constituents
% t/ min o e FIEZE i [M—H] (m/z) MS" FHIES T

9 17.696 HEAF 417.51 255.11, 135.01, 118.76
11 19.510 BN ]S 595.52 150.79
12 22.399 SRl R 579.65 270.83, 150.60
13 24.690 Rt 5z 579.71 458.80, 270.76, 150.79
14 25.976 S 17 609.69 300.83
15 26.751 B R 609.69 300.83
16 29.569 Mk £ 593.76 284.77
18 34.009 HHER 821.89 644.11, 350.26
19 35.031 SRR HEEHL 822.08 192.59

9 S T B T m/z 417.51 [M—H]
FHXS 27 i N 418.00, bR, e T3 7%
m/z417.51 [M—H] B RLN 90851 m/z 255.11,
135.01. 118.76, il it 43 ok () ik R FLAHE A AR
FeBISCHRARAE Y, Ko 9 Sy H T

11 5t e s>+ B 1% m/z 595.52 [M—
H] . X 7R N 596, ATk, #EAFE+
g m/z 595.52 [M—H] BEBFRAN N E+ miz
150.79, JH 3k o3 A7 134 o i 224 g J0 A R0 A 5% 1 Sk
HRIE, Y 11 Sk S R

12 ‘SRS HE Sy 1 B 1 m/z 579.65 [M—
H], FIXor 7l 580.00, 70HrEMH, i 15
T m/z 579.65 [M—H] RERSRRZLAN T m/z
270.83 150.60, i k40 B bk ot i35 S A AL R AH OC

(RS RR AR, e 12 Sn ik St .

13 S eS8 1% m/iz 579.71 [M—
H] ™, AR 75k 580.00, 04, WD T3
TUE m/z 579.71 [M—H] REEERN BT m/z
458.80. 270.76. 150.79, Wit /AT L3k il i 24 it
HAIAR G [ SCaRARED, %0E 13 S itkig Al
Bt

14 5 F0 15 5 U i e 2+ B9 11835 m/z
609.69 [M—H] , AlXf4r+ &l 610, Z3Hr,
Sy 1B T8 m/z 609.69 [M—H]™ fEBSHEZRE Ty — 2K
B m/z 300.83, d ik A3 BT FA IR R AR
FHIC I SCRRIRAE, 0t b €033 0 g 48 B2 7 B
P R, 6 R T 1A B o T 22 L e 7 7 1 £ B I
[ERHT, BTCART AN, 14 SR, 15 S A0
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16 SN HES 1 5 7K m/z 593.76 [M—
H], X 7R 594, ik, #EAFE+
g m/z 593.76 [M—H] REBFRA g E+ m/z
284.77, WL 43 BT b3 T v S AR A R K 1) SCHR
B, 16 S i N MR

18 S eI UES> 7 59 FI% m/z 821.89 [M—
H], MX 1Bl 822, ZMHr& M, WS T& T
g m/z 821.89 [M—H] REUEFEELN — 1 m/z
644.11. 350.26, 3t it 73 A7 b3 i 4 g KA AT AH O
(R SCikR a1, % 18 S Sy H R

19 ‘SO HES 1 B 1 m/z 822.08 [M—
H], HXH TN 823, &, WS TFE 1
g m/z 822.08 [M—H] REWHR N —HET m/z
192.59, @ IE o> AT 1 3A 0 2L AR AR RO AH DG 1 STk
B, % 19 SOk SRR R 2,

UPLC-MS/MS V25 T H &1 Ml T B2
T BB R HREIR 5 Mgy, HEWTH T 2R
WAr s SRR MG, SRR HE RS 44
J& Y o
3 itig

R v AR AR AR B4 25 06 52 5 45 246 1)
PEICE, S5 G BRI 25868 7= i i o, A
W TULE G SR R Ik, ORUETERD 2584 5045 1 4ikh
TEH A RE, [ 25 G I DR Y. FH A e A H 5 7 D 7
2~3 Hhk A= 2588, XA S WS F 254
HA— 5 = MR o AR M Kb 8 Bl
WA R P~ AT HEZ AL & 825014645 21 14 HEil
W27, PRUESR J7 a5 59 1, B0 Gt AR TR
IR 507 (R AR A2 S, A L 43 2 R i IR )
UPLC-UV 58Ul A 5 5t & PR A2 i 1 2 S

ARSI T LH-/K Z5-0. 1% R 7K
LE-0 2% R K . LIE-0.1% F IR K . &
15-0.2% H IR /K R Gt IS H « 7 3 B 103
Wi, DA KON (i e R I ROUL 5%, & R E, A
F Z5-0.1% F R A 00 o 1 0 73 35 B 3R 4, HL T
W8 5 15 K W PE i T UPLC-MS/MS [R3ll5E,
LM T LIE-0.1% F R A RAE J i sh Al .

A HHE T I Agilent-DAD ) 3D EEHTSY,
Bt LB AR IS, 4050 210 237, 251,
275. 283 nm, AJF UPLC #HATHEANRKIE, 2%
G RO = B NNy B RE, RTANAE 237 nm
oA, B E SRR 237 nm.

AHFFCR A UPLC-UV 7%, 87 T nf LU %M
R A T AR R SRR, At ey
RAET UPLC PRk | #ERf . REUEFRR 1L, 454 UPLC-
MS/MS JEX AN AT T 2 AT, W12t
JI87 B ) Jo A FHZEREBEAT T 208, A PR UE S 7 IR
2522 A O ST P IR o T R Al
Sk
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