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from different habitats, and to determine three differential components (podophyllotoxin, hyperin and dehydropodophyllotoxin) and
podophyllotoxin by chemometrics. Methods The qualitative analysis of the chemical components of D. versipellis from different
habitats was performed using Q Exactive Orbitrap MS and electrospray ionization (ESI) in positive and negative ion modes, and
components were identified based on the standard mass spectrometry data. Principal component analysis (PCA) and orthogonal partial
least squares discriminant analysis (OPLS-DA) were combined to determine the differential characteristic components. Quantitative
analysis of three chemical components with significant differences and podophyllotoxin in D. versipellis from different habitats was
performed using QqQ MS in the positive ion mode with MRM paired ion mode. Results Combined with the standard mass
spectrometry, it was determined that the samples from Sichuan did not contain podophyllotoxin, and six kinds of pharmacodynamic
components were identified in the samples of other six habitats. PCA showed that there were differences among the samples of D.
versipellis from different habitats. Through the VIP analysis the OPLS-DA, it was screened out that podophyllotoxin, diphyllin, and
dehydropophyllotoxin might be the markers affecting the quality difference of D. versipellis from different habitats. The quantitative
results showed that the four components ecluted within 4 min and were well separated. Podophyllotoxin, diphyllin,
dehydropodophyllotoxin, and podophyllxin had a good linear relationship in the range of 1—200, 10—1 000, 1 —1 000, and 1—1 000
ng-mL!, respectively (> 0.996), and the average spiking recovery rate was 97.3%—102.8%, and RSD was less than 8.3%. Among
the four differential components in the seven habitats, the content of podophyllotoxin in the samples from Henan was significantly
higher than that in other habitats (P < 0.01), and the content of diphyllin in the samples from Hunan was significantly higher than that
in other habitats (P < 0.01). The content differences of 4'-demethylpodophotoxin and deoxypodophyllotoxin in each producing area
were small. Conclusion The rapid, accurate, and sensitive multi-index component quantification method established by combining
stoichiometry can effectively distinguish the D. versipellis from different habitats and provides a reference for the quality evaluation
and control of the D. versipellis medicinal materials.

Key words: Dysosma versipellis; UPLC-Q-Exactive-Orbitrap-MS; UPLC-QqQ-MS; podophyllotoxin; deoxypodophyllotoxin;
dehydropodophyllotoxin; 4'-demethylpodophyllotoxin; podophyllotoxin; diphyllin
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9~10min, 32%~89%B; 10~18 min, 89%~100%

B; 18~19min, 100%~2%B; 19~20min, 2% B.
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Fig.1 Total ion chromatogram of six mixed controls in
ESI" mode
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Table 2 Identification results of six chemical constituents in D.versipellis from different habitats
i HEWHRR B m/z PR B 1 (m/z) 7310 t/min 7 Hh
1 4-FERAFE [M+H]* 4011231 400.1136. 229.0496  CaiHoOs 1063 1.2, 3. 4.5 6.7
2 RHEBER [M+H]* 4151387 298.0833. 185.0597  CzH20s 1096 1.2, 3, 4,5, 6.7
3 iYL [M+H] 381.0969 4351.0861. 181.3590 CaHisO7 11.09 1, 2, 3, 4, 5,6.7
4 RERHEFER [M+H]* 4111074 396.0839. 115.0542  CxHi1s0s 11.12 1,2, 3. 4.5.6.7
5 PSR 3 [M+Na]* 421.1258 381.0969. 181.4642 Cx2H207 1122 1,2, 3.4,5 6.7
6 FASEA [M+H]* 413.1231 173.078 4. 115.050 3 C2H207 1194 1,2 3. 4,6, 7
1-% 8 2-ed; 3-1dk; 4-Wim; S5-I 6-=7; 7-WHL.
1-Anhui; 2- Henan; 3-Hubei; 4- Hunan; 5-Sichuan; 6- Yunnan; 7-Zhejiang.
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ASCHE-F N Msdial Console 3.0 #cfk, 3 T#fxE 1000 ot B U o
TR, (98] 7 AP R s ) EL N
MEERS REBE. S-ETERARE. 250 o v &
RERER. FEARAFTR. W) R, *iggg

221 ERGHT T \HREZ ) 5 A3
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Fig.2 PCA score plot of D.versipellis from different
habitats
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Fig. 3 OPLS-DA scores of D.versipellis from different
habitats
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Fig. 4 Permutation test of OPLS-DA model
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Fig. 5 VIP values of 5 common peaks of D.versipellis from
different habitats
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23 TEEDH
2.3.1 it

(1) ikt KM Waters Acquity UPLC
BEH Cis 34 (100 mm X 2.1 mm, 1.7 pm) ;
TEH: 0.1%HEZK (A) -2 (B) , BEEE W :
0~1min, 65%~40%A; 1~3min, 40%~45%A;
3.0~3.5min, 45%~65%A; 3.5~4.0min, 65%A;
AR 0.3 mL-min™', #EiE 40 C; HEFERE S pL.

(2) Bkt mmisE S (ESD ; B4E
MR 3.9kV: BFIRIEE 150 C; By f<R
FEA 350 C; WM 650 L-h! IR/ A<
4 0.16 mL-min™! &< BT RAZ RV IEE T
W, PSS HE e WK 4.

232 HRMH &

1D 5K BRI DA S BRI VR ) e R 5
B 4 Ffot B B2 3 mg, B 50% £ BERC il 505 Sk
P 1 mg-mL™ % HE Sl 2 IV A 2R 4 ot
MR, TRAFRRE, TOH SR R N 1.
2.5.10. 20. 50. 100 200 500. 800+ 1000 ng-mL"!
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Table 3 Identification results of differential compounds

ZRUEY 7= TS WAL
PASE LAV 1 0.374
s ™ 1.199

Zvsly )| ™ 1.066

VST ™ 2.424

LAHvsHIT 7 2.545

T rE Vs AL 7 3.205

T A VS R ™ 3.001

R vsiY 1| ™ 2.849

T HVS S g 7 6.480

Tl A VSHTIL ™ 6.802

Wdbvsig )i U 0.878

Hbvs =g ™ 2.021

W Abvsiiris 7 2.122

V9 )llvs = ™ 2.274

VY )1 lvsHfriT ™ 2.388

Ll faf 2 Vs I 0.003
A R vsidl g I 0.005

W Abvsibl ™ 0.004

W rgvs Py )| 7 324.712

eV B ™ 442.478

WG VST 7 1 495.992

KEREEE sl I 0.542
Z FVSHITL 7 1.338

”P<0.01 “P<0.001.
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Table 4 Conditions for determination of four compounds

by mass spectrometry

HwEY) BT (miz)  HEFLHERNV  REEHERV
WRAREE  415.23/246.90 35 10
FEWA  411.13/362.06 84 24

BER
AT 413.34/169.08 25 8
W2 381.10/333.08 65 21
RALIATE 589.19/247.06 24 16

FRIVRE A5 %) R R VA o K SR AR VAFE 2 5 mg,
VAT HBEVA VR R 1 mg-mL ™ () IRk 80 F 50%
CTETIMRER) 1000 ng'mL ™!, YENWNAR TAEWR

2) B SR & kR “2.1.2 (2) 7,
233 LEMHE €232 (D) 7 HNREA R
MVATR, K S4 RESL, 4% “2.3.2 (2) 7 TR 7
BRI, % “23.17 TR TEEEREE, 45
RILKE 6, R\ ZITIETBIERL .
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Fig. 6 MRM chromatogram of reference substance (A) and test solution (B)

234 ZMXRAR.WNREEERESR 232
(1D 7 TR PR A SRR, %] <2317
TR 2 A T o DA FE i 0 2 94 B D B A A
(XD, F I8 S A0 AR I TR AR B A AR AR (YD 3
T3, ehlbnEZE (=6 ANFREIRE S ,
PUEMEEL SIN=3 Al SIN=10 43 55K MR A &
BR. RNE S, RUIZITELHEXR R ARG
T R A T BE 8 BN RS HE HU G R 5% 4k 2 i o 3R AT

M5E o

235 REEEHE 232 (1) 7 HERA IR
AV, % “2.3.17 TR TIEESENE 6 Ik, THE
4 P52 RSV THIAR S5 A bR A W THT AR 2 EE R AR A
HEfmZ (RSD) fH, WHFR. WmHER. 28R
F#ER. REFHS KA AT RSD H
S 1.02% 3.64%. 1.63%F1 7.07%, XA
K% B R AT

RS AMUEYNEEXRRERER

Table S Linear relationships of four compounds results

WEM 5] 377 #% 2PV Bl (ng mL™Y) R2 KR /(ng mL™")  EEFR/(ng mL™)
RETFE Y=7.057 3X+4.083 1 1~200 0.999 7 0.000 13 0.000 43
2 Y=0.1017 X+0.918 6 10~1 000 0.999 7 0.008 00 0.020 00
FERHARER Y=3.667 9 X—20.8450 1~1000 0.996 9 0.000 23 0.000 77
O BRI Y=1.5559 X—18.030 0 1~1000 0.993 6 0.000 80 0.002 68

23.6 HEEMEL SPATRREUZ “232 (2) 7 IR
Ty £ BT L= HU R \ IR 6 4y, B 0.500
0 g, JEHIRMEREAW, % “2.3.17 TUR kit
W5E, HHARIRARTR AR FERARER.
U R A 7 35 T B o BUa R 30.844. 0.013
0.904. 2.052 mg-g”', RSD 435N 4.14%. 8.24%-
1.17%. 5.19%, FKEZIEEE MR,

237 FoEtEE S BT S MR )\ A SE A SR
K, FEEWRE, %I “232 (2) 7 TR ikl 4t
WA, %R “2.3.17 TUR 44 05F 0. 2. 4.
6+ 8+ 10h BEFEAHT, CSRIEMAN, 51 R R

Bn. WmrtR. EERHETR. RESER SR
FEHIE AR L F) RSD 4351124 5.79%+2.66%+3.01%-
5.12%, FUIMETIERAE 10 h WA E T R I

238 IfElIEREELS PATRRIGE “2.3.2 (2) 7
TR J7 1) 2% B O R0 & BTV H )\ S E R
B 6, Br 0.5000g, HHl&HHMER, o5
WUHKEE NN “2.3.2 (1) 7 R8-S5 I i 4
W, % “23.17 BURJNENE, RARER. e
N =S SRR S Sl ElleEs Sl s
102.73%- 97.32%- 99.21%. 102.17%, RSD 435N
0.35%- 1.44%. 0.69%. 2.50%, FHIiZJ5ihnkral
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W R BT, HERE .
2.3.9 MIESEE B 7 ADFEHL )\ M SERE e R
“2.3.2(2) 7 TR Jy v 4 A A v e, fR i “2.3.17

TR BRI 5, eI AN, fR4E “2.3.47 1
NHNA bR AE 2R S AR ST R S R S
ZER MR 6,

*6 AE~H/N\ABEPIMERRIEE (X s, n=3)

Table 5 Contents of four different components in D.versipellis from different habitats (X £s, n=3)

7 RAHFEE/(Mgg™) i -2/ (mg g7)

FERAFHR/(mg g7) HE#HER/(mg g7)

N} 208.153+5.409 0.093+0.007 2.417+0.026 3.0514+0.041
ZR 59.055+0.592 0.480+0.118 1.085+0.030 1.680+0.076
i) 48.941+0.953 453.931+6.750 1.827+0027 2.341+0.080
P 13.269+0.995 0.202+0.013 1.079+0.024 1.639+0.068
g 56.449+2.780 0.157+0.012 1.459+0.030 1.795+0.033
L 11.632+0.557 0.088+0.001 0.949+0.015 1.639+0.005
ikl 40.313+2.259 0.07840.009 0.942+0.032 1.903+0.036
3 Wig 32 BIEFHMERESIESENER

31 EMHEEEHER

INAERHEY P AR B E, FTEAR
F#R. 4-EHERARGR. ZERAER. 25
WFREER. RATE. LR, BAERLHR
REWS, BEERTIER S EEHEY, Bk
WAAEE . BhLLJE LU L B A A R 75
iR AR R0, )\ M A RN, s RA
BRI EEY R, AN FE P ER
N, RN, Rk, RIS, MEASEUE
To051, BLAE 20 fHhad 40 4E4R, HAbEE BRI A
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