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Simultaneous Determination of Ten Components in Diphylleia sinensis by LC-MS/MS
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[ Abstract] Objective: To establish a liquid chromatography-mass spectrometry ( LC-MS/MS) method for
content determination of ten compounds including kaempferol-3-0-8-D-glucoside, diphyllin-4-0-B-D-glucoside,
diphyllin-4-0-B-D-glucopyranosyl- (1 — 2 ) -B-D-arabinopyranoside, podophyllotoxin-4-0-B8-D-glucoside, 4'-
demethylpodophyllotoxin, kaempferol, podophyllotoxone, diphyllin, quercetin, and podophyllotoxin from
Diphylleia sinensis in different batches, analyze the similarities and differences in the chemical constituents between
different batches of samples, and provide a new scientific basis for establishing a comprehensive evaluation system
on the quality of D. sinensis. Method: The separation was performed on COSMOSIL-C column (4.6 mm X
250 mm, 5 pm) at 30 °C with a flow rate of 0.3 mL-min "', with acetonitrile-0. 1% formic acid solution as the

mobile phase for gradient elution (0-30 min, 30% acetonitrile; 30-40 min, 30% -32% acetonitrile. 40.0-40.5
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min, 32% -50% acetonitrile; 40.5-50.0 min, 50% -60% acetonitrile; 50-85 min, 60% acetonitrile; 85.0-
85.5 min, 60% -30% acetonitrile; 85.5-95.0 min, 30% acetonitrile) , and the detection wavelength was set at
300 nm. The analyte was monitored by positive electrospray ionization (ESI) in multiple reaction monitoring mode
to determine the content of ten compounds in different batches of D. sinensis. Result; Ten components showed
good linear relationships within the investigated concentration ranges (r>0.999 1) as follows: 0.07-2.23, 0.39-
12.40, 0.05-1.68, 0.12-3.88, 0.05-1.73, 0.08-2.70, 0.05-1.00, 0.04-1.10, 0.04-0.58, and 0. 18-
5.67 mg-L~", with RSDs of the precision, repeatability and stability less than 2% , and the average recovery rate
was in the range of 98. 61% -99. 93% respectively. Significant differences were found in the chemical constituents
of the D. sinensis between different batches. Conclusion: The method is rapid and sensitive with high precision,
and it can be used to detect the content of components in D. sinensis from different batches. This method would

provide important data for establishing and completing the medicinal quality comprehensive evaluation system of

D. sinensis.
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Table 1 Sources of 19 Diphylleia sinensis samples Table2 MS parameters

it o R T
SI B P I BN 11 R 4107 5 2015 4 10 i - e Frag/V. CE/eV

S2 B T A 1 L IE SR B R B A 2015 4710 A 1 1L 2% 1 7 % 0l 135 25

S3 BV KBS 1R R Y 2015 4E 10 A 2 1 4e I 2R 7 2 Wl 115 25

S4BT A T E I Sk B 4 2015 4£ 10 f 3 arabeline 195 45

S5 e 76 K 11 -EL /)N 7 DU 5 2015 410 A 4 ASE S ko) 5 135 30

S6 B VG A 1 LBk 1 B ST 0 S 2 Y R 2015 47 10 A 5 4-EPERABTR 115 15

S7  BEVYAH S Sk A 2015 4F 10 H 6 ITEN) 125 15

S8 B T8 A 1 L R Sk R 11 R T A X 5 2R 1L 2015 410 A 7 UASER 115 29

9 B ph oK 1 BSOS E4U E Y 20154810 A 8 1 i i 2 125 30

S10 BEPi A A EHLE S Al 2015 4£ 10 H 9 i K % 115 15

SI1 BV R BB R R N AT 2015 4E 11 A 10 PSR+ 3 135 16

S12 BV A BN S FE LA 41X 75 2 L3 2015 4E9 H HERIR I 30,

S13 Bk JE B L4 2015 4E 11 A

SI4 B E RS T 2015 4E 11 f 2.4 BEECEIEWH S Rl 19 HEEs L 2R Ry
SIS i 2015 4F 9 f1 KOS S0) 29 1.0 g KEFRE, S T 100 mL HJE
S16  BevipR & kis 2015 4 11 A HEFZ I P, m A H B2 20 mL, # 75 $2 B 30 min J5
SI7 BRI 2015 4% 11 A (250 W,40 kHz) J iy, i ¥ DL H Bt 2 KR . B
S18 PP 2015 4 11 f1 WIE e An 2=+, W B i 2 25 2 25 mL &=
S19  HEIWA 2015 4 10 A K% S mL, i AR B 5 2 100 mL &0, #%

FEEYE B (0 ~ 30 min, 30% Z Jif; 30 ~ 40 min,
30% ~32% Z, ;40 ~40.5 min,32% ~50% 2. )i ;
40.5 ~50 min,50% ~60% Z.Jf% ;50 ~85 min,60% Z,
% .85 ~85. 5 min,60% ~30% Z,Ji5;85.5 ~95 min,
30% £t ) s FEIRL 30 °C 53 0.3 mL-min ™" ;4G
£ 300 nm; FFEE 10 pl,

2.2 Ui MM B IR (ESD) CRIE S+
FHAEA, R D7 X 2 R I (MRM) 5 5 1k i
JE(TEM)390 C ;%5 Hi £ (1S)5 000 V, % i 4 B
TR i S8 LK 2,

2.3 IRAEXMME WS R S0 % R0 28 B
I PR 2.23 mg, Ll fif MR A 12,40 mg,
arabeline 1. 68 mg, % F 7% 2 9 45 B 3. 88 mg,4'-
ZHIHER AR R 1.73 mg, INZWH 2. 70 mg, B H #
fii 1.00 mg, (LA M2 1. 10 mg, #fif i 3 0. 58 mg, i
F# 2 5.67 mg, /0 38 F 10 mL g &, hin 5 g
BRI A B2 A IV IS A . 43 )
B0 IR A A5 W 1 mL, i [R]— 100 mL &b, i
O 28 25 28 2200 B, e 8 B ST o vk B 43 i Ry 2. 23,
12.40,1.68,3.88,1.73,2.70, 1.00, 1. 10, 0. 58,
5.67 mg- L~ HIR AW, BIAS .

51 RSB R BOZVA I 2 mL, B 25 mL B T, g
SERE LN RS, HE, 1 0.22 pm BFL R S
#=H.

2.5 PECRBE H2.3 0 FIRA XS,
JHT PP TS U s B 2 435, T A 2R 970 0 B ) TR 4 0 R
ARV, AR BIERE 10 wL, 78 201 1 2.2 TR 4
o DAERERE X (g- L") X o 3 e i AR Y 42 i o ofe
2,45 10 Fifk & 4 i ] 0 07 B A G 2R BRI 1k
JEE, L2 3. 10 Rk &g MRM &1 LA 1,

R3 10 MELAMMITESLMEETEE

Table 3 Standard curves and linear ranges of 10 compounds

ey CPEpR , AR
/mg-L

LI Iy A Y=5.0x10°X-59.438  0.9993 0.07 ~2.23
LA it 2 Y=5.0x10°X-589.67  0.9994 0.39 ~12.40
arabeline Y=2.0x10"X -484.78  0.999 1 0.05~1.68
WAFEWAW  Y=1.0x10'X-397.09  0.992 0.12~3.88
4-EFEBAFE Y=3.0x100X-1142.2 0.995 0.05~1.73
N Y =3.0x10"X +167.97 0.9997 0.08~2.70
PSR Y =3.0 x10°X —29. 201 0.993 0.05~1.00
Lg% Y=4.0x10"X +133.21 0.993 0.04~1.10
Hit e 2% Y=2.0x10°X-2756.9 0.9994 0.04 ~0.58
PASE:S Y=2.0x10°X +80.154  0.9996 0.18 ~5.67
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Table 4 Precision, stability of 10 ingredients (n =6)

- 34 RSD/ %
[asx?] o

/mg-g”' WEWE Rt HEME
LI 25% 1 6 4 B Y 2.85 1.8 1.0 1.5
L i i 2 4 A B 3.52 0.9 1.0 0.8
arabeline 1.76 0.8 0.9 1.1
VASE k)i 11.38 1.0 1.5 0.9
4 -EHRRAGE 1.27 1.2 1.1 1.5
1z 1.06 1.3 0.9 1.0
SR 0.53 1.0 1.3 1.1
Ly g 3R 0.25 1.3 0.9 1.4
Hi e % 0.19 1.6 0.9 0.6
REAHFR 10. 49 1.1 1.5 1.4
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£5 BILEP 10 S MBERKERKE(n=3)
Table 5 Recoveries of 10 ingredients of Diphylleia sinensis(n =3)
o PR B b JIA £ HUEES S ] g % I H RSD
/g /mg /mg /mg /% /% /%
1L 2% Py 6 28 B 0.500 1 2.841 2.272 5.110 99.87 98.90 1.3
0.500 5 2.842 2.842 5.613 97.50
0.500 0 2.840 3.408 6.225 99.33
1Ly M 2R A 2 R 0.500 1 3.931 3.145 7.069 99.78 99.73 0.1
0.500 5 3.934 3.934 7.861 99.82
0.500 0 3.930 4.716 8.627 99.60
arabeline 0.500 1 1.840 1.472 3.310 99.86 99.93 0.1
0.500 5 1.842 1.842 3.681 99. 84
0.500 0 1.840 2.208 4.050 100.09
L 7 2 A A 0.500 1 7.522 6.018 13.531 99.85 99. 62 0.3
0.500 5 7.528 7.528 15.038 99.76
0.500 0 7.520 9.024 16.476 99.25
R L ey A=k 0.500 1 1.625 1.300 2.918 99.46 99.53 0.2
0.500 5 1.627 1.627 3.250 99.75
0.500 0 1.625 1.950 3.563 99.38
11 25 gy 0.500 1 1.125 0.900 2.019 99.33 99.49 0.3
0.500 5 1.126 1.126 2.244 99.29
0.500 0 1.125 1.350 2.473 99. 85
VASEA 0.500 1 0.510 0.408 0.916 99.51 99.87 0.5
0.500 5 0.511 0.511 1.020 99.61
0.500 0 0.510 0.612 1.125 100. 49
1 frp - 2 0.500 1 0.490 0.392 0.871 97.19 99.45 2.1
0.500 5 0.490 0.490 0.979 99.80
0.500 0 0.490 0.588 1.086 101.36
Wi He & 0.500 1 0.300 0.240 0.538 99.17 99.22 0.1
0.500 5 0.300 0.300 0.598 99.33
0.500 0 0.300 0.360 0.657 99.17
LASE3 0.500 1 11.320 9.056 20.321 99.39 98.61 1.3
0.500 5 11.330 11.330 22.340 97.18
0.500 0 11.320 13.584 24.803 99.26
10 A% BR G 2 i 04T IR 2R A0, ILIAT 2, ESI, IE & 58X MRM, %55 JL-E b 10 Fhfi oy 47
3 g RN E , RH S 55 MR A%, MRM B R B RE A Rk
3.1 @E-FUg Al B EHHEPE-K S € Ve B B S0 T R
5 - KA TA] B e LA R s UL b 10 Rhoisr i sy 3.2 ABaid o A or el g B R T

BROR L, K B LG /K B R0, 73 8 O B
U5 [l B, ) 3 B0 A RO 0. 1% ) R T B 3 UG
B A B b G FE R, WL B, R,
H M0 1% WK WA N T shAH . AR5 Kk H

BRI (LB P B DK AR BOT % (R4 Tl
TP I 7 R HRC) B R RO [ 5 O RO S g 4 R
(R, A B B 7 (250 W, 40 kHz) 1, i [i]
30 min, 2 BOCR B b, 4% 0o & B ds , BOR 2
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F6 TILLtHERBI0FHESEENE

Table 6 Results of samples content determination of 10 ingredients of Diphylleia sinensis mg-g !
e iR LR e REEE PR wokw wemm adnorx WEE ARG
S1 4.95 5.27 1.82 17.23 0.98 1.22 0.76 0.33 0.15 17.26
S2 2.77 3.40 1.74 11.39 1.17 1.05 0.52 0.25 0.19 10. 56
S3 3.91 5.74 1.22 12.74 1.26 1.01 0.50 0.26 0.13 10. 58
S4 6.29 7.59 3.03 10. 70 0.58 2.02 1.00 0.98 0.26 22.54
S5 5.88 6.22 2.52 16. 46 1. 47 1.03 0.52 0.20 0.15 10. 11
S6 5.56 6.59 2.43 4.94 3.01 2.07 0.51 0.37 0.31 16. 49
S7 2.73 3.87 2.19 11.08 0.97 0.94 0.32 0.35 0.18 17.18
S8 3.36 5. 60 2. 60 19.37 1.01 1.36 0.75 0.70 0.32 17.35
S9 5.68 7.86 3.68 15. 04 3.25 2.25 1.02 0.98 0. 60 22.63
S10 3.44 4.44 2.22 14.53 0.97 1.07 0.48 0. 30 0.12 12.31
SI1 5.06 9.09 0.26 17.72 1.97 1. 66 0.42 0. 34 0. 36 14.29
S12 1. 16 2.92 0.83 3.35 3.69 2.11 1.40 0. 89 0.54 19.78
S13 2.03 4.76 1.18 4.89 2.43 1.75 0.95 0.48 0.29 9.68
S14 1.58 3.71 1.76 8. 66 2.88 2.41 2.70 1.08 0. 80 30.97
S15 4.35 8.85 1.06 17.94 4.75 5.01 4.59 1. 41 0.51 30.99
S16 4.33 6.68 0. 87 17.33 2.74 4.11 2.12 0.72 0.85 25.42
S17 6.10 8.94 0.30 18.70 6.63 7.42 4.84 1.16 1. 06 30.99
S18 4.49 7.56 1.10 13.97 3.83 4.31 2. 60 1.16 0.56 30.98
S19 1.71 3.40 0.42 16.31 1.58 1.76 1.79 0. 47 0.27 14.55
P 1 Ay i RO 1) JE B0 2 RO — 2K

S17
S18 1
S16 1
S15
S11
S14
S19 1
S13 1
S12 1
3,
S10 1
S7 1
S2 1

S8 -
ST | , ,

0 025 0.50 075 1.00 1.25

2 19 #t# & LC-MS BN
Fig.2 Results of LC-MS cluster analysis for 19 batch of samples
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