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Abstract Objective: To establish an HPLC method for simultaneous determination of picropodophillotoxin—
4-0- B -D-glucopyranosyl- (1 — 6 ) - B ~D-glucopyranoside , kaempferol-3-0- B —D-glucoside,
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4" —demethylpodophyllotoxin, podophyllotoxin—4—0— 3 —D—glucoside, quercetin, podophyllotoxin,, podophyllotoxone

and kaempferol in Sinopodophylli Radix et Rhzoma. Methods: The HPLC separation was performed on an
HyPURITY C,5( 250 mm x 4. 6 mm, 5 pm ) column with the mobile phase of methanol-0. 4% phosphoric acid solution
wtih gradient elution at a flow rate of 0. 8 mL * min"'. The column temperature was 25 °C,and the detection
wavelength was 290 nm. Results: The linear ranges of picropodophillotoxin—4—-0- B —D—glucopyranosyl-( 1 — 6 ) —
B —D—glucopyranoside, kaempferol-3—0- 3 —D—glucoside, 4 " —demethylpodophyllotoxin, podophyllotoxin—4—-0—
B —D—glucoside, quercetin, podophyllotoxin, podophyllotoxone and kaempferol were 3. 6-36 pg*mL ™", 3. 84-38.
4 png-mL™", 12.96-129.6 pg-mL ™", 39.69-396.9 wg-mL™", 18.8-188 wg-mL™", 113.92-132.9 pg-mL"',
5.6-56 wg*mL™" and 14.4-144 pg-mL ™", within the scope of good linear with peak area present relationship,
respectively; the average recoveries ( n=9 ) for the sample preparation of the markers were more than 98. 0% and RSDs
were less than 3. 0% the content ranges of—above 8 compounds in 22 samples were 0. 309-2. 047 mg* g "', 0. 229
1.730 mg+ g ', 1.536-7.467 mg+g ', 3. 171-22. 631 mg-g',2.071-9. 724 mg- g ', 11. 727-66. 420 mg - g,
0.688-3.177 mg+ g and 1.730-7. 331 mg* g, respectively. Conclusion: The established method was suitable for
determination of active components in Sinopodophylli Radix et Rhzoma.

Keywords: Sinopodophylli Radix et Rhzomaj lignans; flavonoids picropodophillotoxin—4—-0- 3 —D—glucopyranosyl—
(1—6)-B -D-glucopyranoside ; kaempferol-3—-0- B ~D-glucoside; 4 ' —demethylpodophyllotoxin;
podophyllotoxin-4—0- 3 —D-glucoside ; quercetin ; podophyllotoxin ; podophyllotoxone ; kaempferol ; multicomponent

analysis of TCM ; HPLC
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x1 BILEBAMERKER
Tab.1 Sources of Sinopodophylli Radix et Rhzoma samples

2 FEEER
2.1 fRA XA E AR A RS R R

MBS e MR 10 WA AT 47 — 5 TS
ample No. rigin e e .
- R Tt S (oo CENAEE ES LR TS WSS Wt
S01 BEPE A (SR4E ) [ Taibai Shaanxi ( collection ) | . ke g b _ s N
S02 HR 452 (R4 ) [ Huating Gansu ( collection ) | ﬁ@ﬂx L“?R E@Xﬂ‘ﬁﬁ DHﬁE, EH—E}T’EE’: ,FH Eﬁ@?
S03 g@fﬂ(%ﬁ%g?ubu Gansu ( collection ) ] . jﬁﬁ@ﬁ%g;ﬁ}ﬁimgﬁ%u% 0.18.0.192.0.648 .
S04 JPELLZ (R4 ) [ Honghegu Shaanxi ( collection » VAR
S05 BV fE B (R4 ) [ Meixian Shaanxi ( collection ) | 1.984 5 N 0.94 \5696 \028 ‘072 mg * mL EI/J {5‘3 SRR
S06 HR (Wg£) [ Gansu ( purchase ) | [EIF=.
S07 J77E (WYL ) [ Guangxi ( purchase ) | RS T s s il ek 3 J g
S08 i‘ﬁﬁj(%; ) [Yunnan(purchase)} 2-2 1/\1itl3”3 {’ﬁ'{’ﬁl E/Jﬂ‘ﬂ% *jﬁ‘:’l%l %WHEJL/EAZ’E*I%
S09 BPE A (SR4E ) [ Taibai Shaanxi ( collection ) | 3'{( i‘i 3 %ﬁ‘ﬁ% ) é/‘J 0.50 g, E 100 mL E\-%%ﬁ%;ﬂi ':F‘ ,
S10 BEPE AR A (R4 ) [ Taibai Shaanxi ( collection ) ] 2 = = ( T s 2%
S11 i at#ER (SR4E ) [ Wudou Gansu ( collection ) j]n/\ 80% Eﬁ E? 39 fnL, *ﬁ(f ’ ﬁfﬂ ( ‘jjz‘ 250W ’j)\:%:
S12 B e EL (R4 ) [ Meixian Shaanxi ( collection ) | 60 kHz ) 45 min 5 ﬁi{/‘\ 5 %E 5 FH Eﬁ @%I\/@{)ﬁ% B@E . FH
S13 P (&£ ) [ Sichuan ( purchase ) | 0.22 wm %ﬁ}[})ﬁﬂ%ﬁﬁ?}g , EI]XT_EJ;O
S14 DU H 4 (SR4E ) [ Ganzi Sichuan ( collection ) | e A =
15 P75 (I3 ) [ Guangxi ( purchase )] 23 (3% &% R H Thermo HyPURITY C,4( 250
SI6 PO [ Xiang( purchase ) mmx 4.6 mm. S um ) € % EE, BLH B (A )-0.49% B
S17 P9I (a=E ) [ Sichuan ( purchase ) | PR PR e N S e
S18 PP (5% ) [ Guangxi ( purchase ) ] BR KW (B ) i sl Al , 6 B eI (6 2), Tt 0.8
S19 i (W) [ Gansu ( purchase ) ] mL - min”', # & 25 °C, & W P K 290 nm, JFF &
S20 B e EL (R4 ) [ Meixian Shaanxi ( collection ) | T+HE O S g i i
S21 P9I (Me=E ) [ Sichuan ( purchase ) | 10 plLe XTIMD”*D#HH@‘LEEJL‘@ Lo
S22 VG JE H ( SR4E ) [ Meixian Shaanxi ( collection ) |
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1~8. [A]%% 3 ( same as Tab.3 )
E1 xtEm(A)%KS01S#m(B)r HPLC &ifE

Fig. 1 HPLC chromatogram of reference substances( A ) and sample No.S01( B )
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Tab. 2 Fluid phase proportion of gradient elution

i8] Bl A s B
( mobile phase A ) /% (mobile phase B ) /%

(time ) /min

3 AEFWIE

31 MR RFE AN EE BRI E A%
BUR A %R &% 4% 0.2.04.0.8.1.2,1.6.2.0 mL,
SrHIE T 10 mL S, i B R R 2R, 257 1)

0 3 65 FRANTA) e B (TR A % RSV U . IR L R TR A5 %) R
13 40 60 SRR 10 wL, 4% “2.37 T (i AT 0. LA
20 43 57 N — ; .
s s . WETATRR (V) S G AR AR, X6 R 0T a8 vk B2 ( X0) A s Al
« . - B HEATLR I, 75 7107 )7 BRI FR L L 3
o o . SRR £ % W VA T e, L PP SR O B, SRR 2
65 52 48 A5 M L S/N A 3 B A5 A I B ( LOD ), S/N A 10
80 52 48 A A5 e 2 FR (LOQ ), Z5 L3R 3.
®3I &M X &R
Tab.3 Linearity
. e FE PR LRl
=, I (=]
e 843 ( compound ) EUHj:T*I . r (linear range ) (LOD) (LOQ)
(No.) ( regression equation ) a1 4 4
/Cpg-ml™)  /Cpgeml)  /(Cpg-ml")
| REERERR—H( pieropodophilotosin4=0-B =, s X 10°¥-1292 % 10° 09999 3.6~36 25 8.25
D—-glucopyranosyl—( 1 — 6 ) — B ~D—glucopyranoside )
2 2SR 2B ( kaempferol-3-0—- B —D—glucoside ) ¥=2.302 x 10'X-1.322 x 10" 0.999 8 3.84~38.4 0.32 1.05
3 4' — P FFEK (4’ —demethylpodophyllotoxin ) ¥=7.851 x 10°X-2.315x 10°  0.9998  12.96~129.6 1.27 421
y  RE Eﬁ? ETREE (podophyllotoxin—4-0-B =D~ & o0 10 3783 % 10° 09998  39.69-396.9 479 15.83
glucoside )
5 Hit K 2 ( quercetin ) Y=1.175 x 10'X-4.015x 10°  0.999 8 18.8~188 5.95 19.6
6 JLFIRE2 ( podophyllotoxin ) ¥=6.201 x 10°X-1.094 x 10°  0.9998  11392~11329 0.23 0.78
7 JLFRER ( podophyllotoxone ) Y=1.046 x 10X -4.151 x 10*  0.999 8 5.6~56 0.19 0.65
8 111258 ( kaempferol ) Y=1.571 x 10'X-5.511 x 10°  0.999 6 14.4~144 0.31 1.02

32 FAEPEIREG  HUSO1 SRR M A TR TR
“2.37 WUF GBS T 0.2.4.8. 12,24 h AT
DUSE 5 285 S0 Vi F 8 A L As By A T
4' - FHRHARER AR AT MR RE
BEZ YR EREBR AN 1L 23 1 e AL RSD (=6 ) 43 5]
H1.9%.1.9%.0.36% . 0.47% . 1.3% . 0.69% . 1.3% F
1.7% , = WA SRR 24 h NS .

33 HHEIRE  BUR A X IR SA R, 7E LR
FATR ESEUERE 6 UK, I 04 T FRL(E ;45 SR I H
BER AR AT LR AE T 4 - KPR
R RARGREAHET MR RAEE AN

hhiHE i

T 25 By 04 18 AR A RSD (n=6) 4305114 0.61% . 1.6%
1.2% . 1.4% . 1.7% . 1.6% . 1.5% 1 1.4% , 3 W 25 K
R,

34 EEMERAE HUS01 S ZMEES 6 17, #i “2.2”
TR 7k A A i T, DA 237 TR Y A A%
PERERE A5 PR 3 2 A M L 1L A T e
.4 - FHRAFTR BAZTER WA ML R,
PLEHEEER R B A LA A4 i (n=6) 435
7 0.938.0.933.4.588 . 13.099 . 4.419 . 42.032 . 1.523 #l
3.882 mg- g, RSD %> % } 1.9%.0.90% . 1.1% .1.2%.
1.4% . 1.6% . 1.8% F 1.9% , =iz kR M R AT
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3.5 [CRIRE ORPE PRI M SRR S01 SR
BIARZ10.25 ¢, 3L 9y, 3 530 1 4, 4% b ARHREE
I3 A AR 5 % IR A RO B, 1 “2.27 TR 7
U5 W R AR 3 R B G DL “2.37 TR Y
@SBRI E TSR B R S52R (R 4)

TV R R A AT O A AT 4 - R
RHER BAERWAET ML R RHETEER A
F R AL A3 B ) 34 I3 (n=9 ) 43511 99.8%
99.5% .98.7%.99.4% .98.9% . 98.7% . 100.1% .
100.1% , i % 5 iR A o

F4 ERERAGESR
Tab.4 Results of recovery test
- o e EIIES RElullies
N Jh AR Ul .
A9 ( compound ) . (recovery ) /% (‘average recovery ) /% RSD/%
(original ) /mg (added ) /mg (found ) /mg
(n=3) (n=9)
R R A 0.234 0.117 0.350 99.8 99.8 0.87
( picropodophillotoxin—-4-0- 3 —
234 234 .4 4
D-glucopyranosyl-( 1 —6) - 0.23 0 0.460 8
B —D-glucopyranoside )
0.234 0.351 0.575 98.3
Ly 2% Py 2 o 0.233 0.117 0.354 101.1 99.5 L5
( kaempferol-3-0-pB -D-
. 0.233 0.233 0.463 99.2
glucoside )
0.233 0.350 0.573 98.2
4 - LR AGR 1.147 0.574 1.655 96.2 98.7 2.8
(4’ —=demethylpodophyllotoxin )
yipocopny 1.147 1.147 2.253 98.2
1.147 1.721 2917 101.7
LAk N ika e 3.275 1.637 4.822 98.2 99.4 1.1
( podophyllotoxin-4-0- B -D-
. 3.275 3.275 6.572 100.4
glucoside )
3.275 4912 8.150 99.6
Mtz = 1.105 0.552 1.658 100.1 98.9 1.1
( quercetin )
1.105 1.105 2.161 97.8
1.105 1.657 2.728 98.8
LASE> 3 10.508 5.254 15.976 101.4 98.7 2.4
( podophyllotoxin )
10.508 10.508 20.515 97.6
10.508 15.726 25.506 97.1
PASEAL) 0.381 0.190 0.582 101.9 100.1 1.7
( podophyllotoxone )
0.381 0.381 0.750 98.5
0.381 0.571 0.952 100.0
IIEN) 0.971 0.485 1.430 98.2 100.1 2.5
( kaempferol )
0.971 0.971 1.924 99.1
0.971 1.465 2.497 102.9

4 HFmAIENE
73 DRG  FR IO ] 7 s O Bk L-E AR L 29 0.5 g,
2 2.27 Ry il g s A, LA 237 TR Y

@SSR ERERE 10 L BEATINZE , #2232 3 Ay el )3 5
FEFEARE A P A R ) 5 i AR LK 5.
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®5 HMEENE(mg-g',n=3)
Tab.5 Determination results of samples
. AR 1 e & - FH -
gy Cplerpodophil= Ak LI L
Csample lotoxin-4-0— B —D-  ( kaempferol (4 —demethylpo ( podophy"otox1n‘—4— ( querotin) ( podol?hyl— ( podaphyl- (koo
No.) glucopyranosyl— 3-0-B-D- ' 0- B —D—glucoside ) lotoxin ) lotoxone )
(1—6)-B-D- glucoside ) dophyllotoxin )
elucopyranoside )
S01 0.927 0.895 4.382 12.193 4.405 41.463 1.524 3.438
S02 0.994 1.311 5.067 13.930 4.582 40.848 1.823 4.771
S03 1.873 1.486 9.647 22.631 4.752 47.201 1.456 6.024
S04 0.816 1.055 3.890 11.372 4.364 37.969 1.054 5.024
S05 2.047 0.883 4.024 13.057 7.018 47.510 3.177 4.760
S06 1.194 0.901 6.409 14.084 5.996 66.420 3.002 3.856
S07 0.485 0.494 3.576 3.171 5.341 17.461 0.925 4.707
S08 1.092 0.458 6.634 3.582 3.730 26.870 1.065 3.004
S09 0.909 0.652 3.497 8.224 2.269 36.325 1.580 3.108
S10 1.068 1.730 3.447 16.909 4.030 25.669 1.246 3.126
S11 0.447 0.621 1.644 4.277 2.071 35.422 3.163 1.730
S12 1.483 1.026 3.458 7.903 4.807 40.564 2.177 4.363
S13 0.469 0.229 2.567 4.034 6.187 38.605 0.864 5.120
S14 0.415 0.522 1.536 3.819 2.687 11.727 0.688 2.792
S15 0.520 0.279 2911 3.484 4.432 43.542 2.580 3.954
S16 1.299 0.878 5.950 16.893 9.724 54.259 1.005 5.119
S17 1.013 1.566 8.467 16914 6.627 58.441 2.670 6.082
S18 0.616 0.889 6.206 4.142 5.595 22.293 1.106 4.880
S19 0.863 1.432 6.063 18.370 6.341 60.559 2.985 5471
S20 0.829 1.428 3.923 11.469 4.720 42913 2.080 4.380
S21 0.309 0.775 2.671 4.920 4.805 25.590 1.597 4.112
S22 1.826 1.224 5.907 15.262 2.261 36.388 0.725 7.331

5 am5itie

51 REOTRIEE AL BT L
AR IGE 2 AR BOT LB 25k A RO
O3 B DU A T R ), 285 SR 3% B R PR R IO e A4 [
TIRTRIUGRE S s 2, ik I TR R R s 4%
TSR R FE EEE] (15,30.45.60. 75 min ) A [F) 4
% (40,50, 60,70 80 kHz ) A [a] F EEvk 7 ( 60%
70% . 80% . 90% . 100% ). A~ [F] $} W Lt (40,5060,
70,80 fi5 i ) XAk L 24 04 oA Ao A e 12
i), 4% SR 60 1755 80% FIEEHEFS (PR 250 W A%

hhiHE i

60 kHz ) 45 min , $2 PO R e i

52 IR R SCikRE D LR
BARSE LT RN 22 % AT 290 nm il 360 nm, A<
SEEGXT 8 NPT TSNP R A, A BAE 290 nm
WA R I 2 T4, R =, 4y B AT, PR ke
££ 290 nm AE AN K .

53 UEHHMERE BT LN - B AKE R H
Pt — T R 7K 5 Y 55 AN TR) EE 91 %) S 3 R 2R AT A R
JI, 3% SR 2 I R ) Y I —0.4% A 92 7 35 Y 6 T8 0k
()€ i 06 | JLZRSF B, O B I TRl vp, e B YR T
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1.5, HIIEXIFR, JoH B4

54 RAESWER i3 SPSS 19.0 Gt ot ik
XF 22 {HEBk L-ERE A 8 AN o R A T R AT
KT a B, LISEJT Euclidean FE B EEVE M FE S
(B B e, WLIET 20 A SR AR RE S ol 15 B,
22 kL L AR Al F 253l 3 K2, S1.82.84.85,
S9.S11,S12,S13.515.520.,822 H M4 — Kk, S7.
S8.S10.S14,S18.521 % Jy 5 — K 2, S3.56.S16,
S17.S19 FMHE = RIS RUIBL-L 25 AR08
AR B W IR s e SRR L-E 25 B S
AR ABEE VI

5 10 15 20 25

—
(=]

S08 8
S21 21
518 18
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S17 17
S19 19
S16 16
S06 6

S03 3

w
-
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—_
S

B2 #kILtHH 8 Mo aENRESH
Fig. 2 System cluster analysis based on the content of eight in 22
batches of Sinopodophylli Radix et Rhzoma samples
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5.6 /N SR HASLER ST B 7 0N ) o B

LB 8 sl W & AT TIRE . 45
KU, 22 MML-EAM P S R EERATER, S
AR 2B A AT, REER ML E
BRI AT . ASCES Y HPLC & 800 E vk, BAT
REE R, WSS, A AR E T TRELE
Ak o 1 EIE

Sk

(1] R, b, sk BUER, 45 BBk L-E 5 /NS HPLC 34T 2
Hapt e et s [0 1. v 9288 55074438, 2014, 20 (18 ): 80
YE YH, MA YX, ZHANG EH, et al. Study on toxic medicine Radix
Podophylli and Fructus Podophylli by HPLC fingerprint and compare
their toxicity [ J ]. Chin J ExpTradit Med Form, 2014, 20 ( 18 ): 80

(2] AESCH B, IEW]. BELL HPLC fea0 s moT [J 1. dhlizl,
2010,32(11): 1850
XIONG WY, WEI SN, YUE M. HPLC fingerprint of Sinopodophyllum
hexandrum ( Royle ) Ying[ J ]. Chin Tradit Pat Med,2010,32( 11 ):
1850

[3]  ARWrsk, EAE, X138, 45 BkL-LAR=E HPLC F 8 i proe [ ) ).
25150k, 2014, 34(5): 912
ZOU YL, WANG PL, LIU S, et al. Study on HPLC fingerprint of the
rhizome of Sinopodophyllum hexandrum ( Royle ) Ying [ J ]. Chin J
Pharm Anal, 2014, 34(5): 912

[4]  SRUNER, XS RA-CAOESR LM . dbnt: ARTAE TR
#t,2011:239
SONG XM, LIU HJ. Research and Application of Taibai Qi Yao[ M J.
People’s Health Publishing House, 2011 : 239

[5] =3m. KRE-bABIL BV LT ] L7 h B R e,
2011, 13(5):95
YUAN JL. Research progress in Sinopodophyllum emodi Wall[ J ]. J
Liaoning Univ TCM, 2011, 13 (5):95

(6] FhEA, A=k, BRI, 5. 52 ISR L2 i N A Wi P 52
HERELT ] 2, 2012, 43(8): 1626
SUN YJ, LI ZL, CHEN H, et al. Advances in studies on chemical
constituents of Podophyllum taxa and their bioactivities [J]. Chin
Tradit Herb Drugs, 2012, 43 (8 ): 1626

(7] TREL W 00 A5 R ERME A 1 F 2 BRAE R AT ik
J& [T ] LR 2440k, 2012, 18(12): 59
WANG YH, YE F, YANG GY, et al. The progress in chemical
composition and the pharmacological effects research of Podophyllum
subfamily[ J |. J Pediatr Pharmacy, 2012, 18 (12 ): 59

[8] BB Brgh 255 LM . Jbst: ATl it 2002
XIAO PG. Newly Compiled Record of Chinese Materia Medica [ M |.
2nd ed. Beijing: Chemical Industry Press, 2002

(9] X4, s, 90 R, 55 BkJL-E i pr et e [T ). h e gy,
2004,35(1):98
LIU HJ, XU Y, SU GQ, et al. Research progress in Sinopodophyllum
emodi[ J ]. Chin Tradit Herb Drugs, 2004, 35(1): 98

AR S



5 M 4 W 22 E ChinJ Pharm Anal 2017,37(8) ‘jPA

-+ 1468 -

[10] ZE0 BhIEER, (OAk, 45 SRLErP A RER  BARNER S8 [13] &, BBR B EE, 4. W ik pe ek Lt i AR R 1Y
HAEBHTFIACHER T ] hER 252, 2015,40(9) AR T [T ] ATk, 2009, 28 (2): 297
1831 YANG L, TANG XX, ZHAO CJ, et al. Optimization of ultrasonic
LI M, ZHONG GY, WU AL, et al. Correlation research on contents of extraction technology of podophyllotoxin from Sinopodophyllum
podophyllotoxin and total lignans in Sinopodophyllum hexandrum and emodi( Wall. ) Ying[ J . Chem Ind Eng Prog, 2009, 28 (2 ): 297
ecological factors [ J ]. China J Chin Mater Med, 2015, 40(9): 1831 [14] ZeHa3s #ocse, JEE S, 4. HPLC Wil 75 ik s 5 0 AR pk L

[11] B207 AP BRIVIES 5. mBORAR gk 0 e Bk L i L2 MARIEREM S ] RS IT K, 2015, 27
FHBALZEm [ ] a2, 2015, 37(4): 818 (1):94
LUO XP, YANG LX, CHEN MJ, et al. Quantitative determination of LI YL, XU WH, ZHOU GY, et al. Determination of two lignans in
quercetin and kaempferol from Sinopodophyllum hexandrum ( Royle ) Qinghai cultivated and wild Sinopodophyllum hexandrum ( Royle )
Ying by HPLC[ ] . Chin Tradit Pat Med, 2015, 37 (4 ): 818 Ying by HPLC[ ] |. Nat Prod Res Dev, 2015,27( 1 ): 94

[12] E/, Bk, XK, 45 mapiiiE A L-C R ATERIMIAN  [15] PO R E, Bl i, 55, @R (g uail e Bk L i

AR LT ] P2k, 2012, 35 (11): 1864

WANG P, CHEN T, LIU YL, et al. Optimization of hot reflux
extraction technology of podophyllotoxin from Sinopodophyllum
emodi (Wall. ) Ying[ J ]. J Chin Med Mater, 2012,35(11) :
1864

hhiHE i

HBALZEmy [ ] 2, 2015, 37(4): 818

LUO XP, YANG LX, CHEN M]J, et al. Quantitative determination of

quercetin and kaempferol from Sinopodophyllum hexandrum ( Royle )

Ying by HPLC[ J |. Chin Tradit Pat Med, 2015, 37 (4 ): 818
(AT 2017 4£ 3 A 3 HULE])



