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Chemical pattern recognition on contents of five flavonoids and anti-oxidant
activity of Spirodelae Herba from different growing areas
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Abstract: Objective To determine the contents of five flavonoids in Spirodelae Herba from different growing areas, and evaluate its anti-oxidant
activity. Methods Contents of orientin, vitexin, cynaroside, apigenin-7-glucoside, and luteolin in 17 batches of Spirodelae Herba from eight
origins were determined by HPLC with acetonitrile and 0.1% formic acid as mobile phase, and DPPH method was used to compare their
anti-oxidant activities, together with cluster analysis and principal component analysis, the quality of Spirodelae Herba was evaluated. Results
The contents of five flavonoids in Spirodelae Herba from different growing areas exist certain differences, which can be divided into three
different categories by cluster analysis and principal component analysis. The contents of orientin, vitexin, and cynaroside were significantly
higher in samples from Shaanxi and Shanxi provinces than those from other origins, as well as their oxidation clearance rates were relatively high.
The correlation analysis showed there was a significant positive correlation between the rate of oxidative elimination and flavonoid content.
Conclusion Spirodelae Herba from Shaanxi and Shanxi provinces has higher contents of flavonoids with strong antioxidant capacity. The
analytical method is stable and reliable, which can provide the reference for enhancing the quality control of Spirodelae Herba.

Key words: Spirodelae Herba; flavonoids; orientin; vitexin; cynaroside; apigenin-7-glucoside; luteolin cluster analysis; principal

component analysis; anti-oxidant activity

PR KT AEAEY), AE 4 E 5 A3z, HEBX, FZ. PRI R EEEH TG
BWEE, NEMERHIY LN Spirodela polyrriza  J7 RIBRREL. K. MRS . kA D55 At
(L.) Schleid. WAk, VEAMGGE R AT (b & Ik, XM R ST B AR e O 4K
[E 25 ) 2015 SRR, MM, 98, AL, PR BRI e P, BTSSR B K4y

IS BE: 2016-11-21
EERIN: HEE (1990—), T3, WilLfEik, Zi7%%. Tel: 18351895657 E-mail: JXLiang6812@163.com
«BEEE B 2, & 00, AN, FZNGAEW LIRS R b 258 s 2 R G5 Tel: 13805157904 E-mail: ychen202@hotmail.com



* 986 «

¢ # % Chinese Traditional and Herbal Drugs 35 48 % 25 5#i 20173 A

B, RH R B, e
TN B e T ikiE R >, H (R EZ
BU) 2015 AP ROV 10 0 o R A e 8 A
Fro SCRRIRIEIEFE D A L0 E . dflE . R
Fro RPN TE . AR R IR, X
RS R PE . PiR. PO, BT
IR ML 0 25 )32 I AR RS, Oy S st s
PEM R, AL @y T HPLC & s 5 Fhik
PRI 10 R 5 4 FERTER S I B AR A T 0
K FHER IS 53 BT FA 32 1553 43 R AN [ 7= M AN [R) 4k 2k )
TR IEAT T b, iR r i s il S ik —0
WS A AL T 2%
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Agilent 1260 i B0BUAH 0354 (56 [ 22 546 2
A]D); UV 1800 PC KA WA et Tt C BilgR
JASGF R A 7)) FA2104 J54y 2 — 43 #r e
TR R R PAERBGRA R AFD; AT201 +
J 5y 2 —H 17 K*¥ (METTLER TOLEDO):
TG16W & X midl 5 0HL R B OIS
FRAFD.

TFIEM 0 T 2 B N M A R A A, &IL
I R 20T 9 e B M B s e VR M RHE )
R Spirodela polyrriza (L.) Schleid. T 4%,
FEHLEI R 3 NIl A A 1 (S
20160529). Vi 2 (fit*5 20160707). i[Fg 3 (it
51604015 FEHUYT IR 3 LIRS W 44 AT 5 1
(#5 20160529). YLI% 2 (L5 20160707). L7
3 (it 1603200 F=HiBRpE. 1Lph. b, hAR
22 RS PSR oyl i 44 I BevE 1 (S
20160529) AL 2 (HL5 20160707) thif 1 (Hik
5 20160529) Alipg 2 (it 20160707) L 1
(it 20160529) Fuyfdt 2 (k5 20160707). 1l
A1 (5 20160529) Flili% 2 (b5 20160707).
1 S 20160201) F122 L 2 (it 160521);
FEH ALy 4 AL (HES 160420 5 B 255
# RS =98%, #t'5 28608-75-5). #H¥f %
R $0=98%, fit'5 3681-93-4). AJFRFIF (it
B =98%, 5 5373-11-5). KM R
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2.1 HPLC MEFEHIEL

211 G4t Zorbax SB-Cis ikl (250 mmX
4.6 mm, 5um); VAN LIE-01%FRKRL,
BEEEVERT : 0~10 min, 18% 4 Jfif; 10~16 min, 18%~
30%Z M 16~24 min, 30%~44% N KK
340 nm; ABUAHE 1.0 mL/min; KR 30 °C, HERE
15 10 L.

2.1.2 O ISEECE] RS BAREL 105 C 4 A
TN AR E TR O U 2T SR 3.96 mg. 4
% 3.30 mg AR HE 3.22 mg KA 1.60 mg.
ARRBEZ 2.04 mg, FEME. 2005, FIHE.
A BRI 46 T B ELEE NN 10 mL &
s APREZEAEME T 4 mL K, HHEE
BRI EZ, #24), B 0.5 mL JiA ik 10 mL
s, HFB S ERRITes, BANeEeE
OIS R RPN . ARREL R
WREES3 4 0.396+ 0.330 0.322. 0.160 0.026 mg/mL
(VR T R A

2.1.3  HERASEEIECE] O G R,
it 60 Hif) 0.2 g, K%M E, & THIBM T, A
50 mL FJE, 25, BREiE, @A (DI 250 W,
A% 45 kHz) 30 min, FOAJE, FHHEEAN R 53251
it yER, &H.

2.1.4 W INE SR e B
BER S, % “2.1.17 TR K HPLC (43 J7 kit
FEMISE . HPLC {03 & LI 1.
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12855 2403 3-RBEH 4 REWsH S-RBEE
1-orientin  2-vitexin 3-cynaroside 4-apigenin-7-glucoside 5-luteolin
E1 RBEWHEM Q) Fftikm (B) A& HPLC &iEE
Fig. 1 HPLC of mixed reference (A) and test (B) solution
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B0 IR, T EE RS IR IR B4 ik 619,
12.38. 24.75. 49.50. 99.00. 198.00. 396.00 pg/mL;
IR 25 FORIR L 43 5164 1031, 20.63. 41.25.
82.50. 165.00. 330.00 pg/mL; ABREAFREIKE
23514 5.03. 10.06+ 20.13. 40.25. 80.50. 161.00.

322.00 pg/mL; KB4 1 o R 53 0 A 2,50,
5.00. 10.00. 20.00. 40.00. 80.00. 160.00 pg/mL;
KPR 2 Rk 4104 0.40. 0.80. 1.59. 3.19.
6.38+ 12.75. 25.50 ug/mL, $% bk HPLC &% 5%
HEATIE, DA AR (X0, WA
MFR (YD HEATERPEIRIA 8T, el gk, &5
R 1, SEge g5 LW AR BTk g 5 R 47
2GR

F1 [EEAFRE. HXRY. LIERE

Table 1 Linear regression equations, correlation coefficients, and linear ranges

4oy SISy r L PEuF/ (ngmL ™)
EARA S Y=25.645 X+22.741 0.999 9 6.19~396.00
LaRIiE Y=28.318 X+52.673 0.999 5 5.16~330.00
PZREE Y=27.292 X+60.506 0.999 5 5.03~322.00
KB4 Y=31.161 X+44.609 0.999 9 2.50~160.00
VNS S Y=42.635 X+16.128 0.999 9 0.40~25.50

222 REEWRK % “2.1.17 WA ER N
FE 6k “2.1.27 TNl VA0 RO, e
ORI TIAR, THAZER SR MR, AR AT
KB 1. KRR ZFIE R RSD fH 551k
0.97%-+ 0.89%-+ 1.19%-. 0.50%-. 1.28%, FKHIIXZS
R B R

223 FEMERE  HUE e 1 s
W, EARBCE, e HAE 0V 24 44 8. 12, 24
h IR, T8 24 h WZEREER . 4HfIEE . KRR
T RBA T AR UE A RSD {E 5 71
1.85%. 1.92%. 1.93%. 1.43%. 1.54%, FWI{R
FE SR S5 F 24 h WFREME R IT .

224 HEMEAE BB FEAIL 6 4, REERR
JE, 1%42.1.37 T F Tl i v, 4442117
TR G 20 R0 58 IR KRB ARLTF,
KW ARE R, T E & o5
BHOBD WA 0.63%. 0.14%. 0.65%- 0.07%-
0.012%, RSD {H4r 510 1.93% 1.85%- 1.65%-
1.96%. 1.99%, SLE45 KL ETEE M R
2.2.5  IAERICERIRES B IE B 1 VR
KM RZ) 0.1 g, KEEFRE, 6, MEMA
TRA N S HOE R, 1% “2.1.37 TR & Atk
SRV, Ay IEERE 10 pL, WE, T RDOR K
RSD fi, 2i%iZ. 4EIfEE. KRBH . KRB
T ARBEEZRMWCES A 100.6% 96.1%-
99.1%-+ 103.0%-+ 102.1%, RSD {474 2.54%.

2.18%- 1.99%. 1.98%. 3.25%. & (FEZyi)
2015 4R 2RO,
2.3 ANEIFHEZ S H R 2 RN E

BRI, % “2.1.37 TR J7vkidil %
PRSI, 3% “2.1.17 TR J5ikillse 5 Rk
ooy, SPRNAE 2. SPREWIZER R NARR T
)R B ey KU 07 28 T R B B 25 R A X AR
Hrpi v, Bepg = J b 2. 20 1 AL
M s PR ED S RAEAE 1.5%~2.2%, JiEs
ws R VLI AR AT 1. % 2 PR
P S B R S FEAE 1.0%~1.5%.
2.4 DPPH ERERNE

A E P F MR K 0.2 g, R FR 8, B 50 mL
HEJEHF, I 50 mL HEE, #2545, BEFE, @
i (Ih# 250 W, Mi% 45 kHz) 30 min, 045,
PR AN SR 0 e, R, HOIEW, 4> A
P FRORE 2208 M A HO S 5 ;. B DPPH 15 mg,
R FRE, T 250 mL At airh, F RSB
filt, SERFEAIL 4 CUKHH

BB A AN KRR 3 MRS, AR
NN LA #% 1) DPPH % 3.5 mL FIA R {AF
(535124 0.9, 0.8, 0.7. 0.6, 0.5, 0.4, 0.2mL) [1
IR, DPPH 2% PG AT I A AH R AR FH
fit, AR 2 O RN 3.5 mL (I, 30 min
JEAE 517 nm FIE R AAWOEEA (4 VML G
AN[A] P i DPPH [ H RS (R5 FR % .
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Table 2 Contents of flavonoids in Spirodelae Herba from different growing areas and their I1Cs, values
P LR %% HIHE% ARBRE/% KW /% NS M Y% ICso/(mg'mL™")
WEE 1 0.49 0.12 0.54 0.06 0.040 1.250 0.285
T FE 2 0.34 0.09 0.54 0.03 0.050 1.050 0.467
3 0.49 0.11 0.47 0.04 0.024 1.134 0.316
L9 1 0.52 0.13 0.56 0.06 0.040 1.310 0.335
L5 2 0.50 0.13 0.56 0.05 0.066 1.306 0.454
L7953 0.56 0.14 0.61 0.07 0.024 1.404 0.403
Ve 1 0.78 0.19 0.93 0.10 0.005 2.005 0.132
[ 2 0.88 0.21 0.93 0.09 0.005 2.115 0.161
g1 0.74 0.21 0.85 0.09 0.004 1.894 0.128
vy 2 0.82 0.20 0.85 0.04 0.023 1.933 0.202
WAk 1 0.51 0.13 0.57 0.07 0.020 1.300 0.187
k2 0.72 0.14 0.57 0.07 0.012 1.512 0.140
7R 1 0.46 0.12 0.50 0.06 0.020 1.160 0.300
% 2 0.64 0.15 0.50 0.06 0.030 1.380 0.333
G 0.65 0.15 0.63 0.06 0.012 1.502 0.185
LR 0.58 0.13 0.63 0.07 0.010 1.420 0.179
Wik 0.60 0.17 0.64 0.07 0.025 1.505 0.175
DPPH 155 =1—(A4 tsn—A ssm)/A 5 0 5 10 15 20 25
LU R S0% M LR SRR (ICs) b S
TR R, 1Cso B/, W% M (1734 DPPH m g '
FHEE T e D ke . th SPSS 21.0 Geit- it M N
B 1Cs IFABT IS 5 FIEEEE A AR, 4 i 2 W
BN T 1Cso (45 I 2. HOrPBk . ] w2
Tt B WL R PG 1 7 MR 1Cso (EAE 0.1~ e 0 o
0.2 me/mL, 1Cs (BT, FUAMAES B W, iF %
TR AR Bl 2 P HIE M ICso fEAE 0.2~0.5 e,
mg/mL, ICso fEHDGE R, HUEILAE T HIX S e

HHAHSCHEA T ], DPPH V8 I % 55 8 i 2 i 4> &
AABFEMAEE (P<0.05. 0.01), VEHH e
oy LA R R s, P RE B
25 BELHH

WA = M7 fE 20 5% L R3S AR
KW, RBEE R SPSS 21.0 G4k
PF, RAGNIEE, VARR R B Fabnidb AT 2R 26
O3NS 2 iR,

X 17 EIFARE L 5 PR o S T SRR O
T, AR BoR FRAEA T4y 3 2 1T RE v FI
Bepapi A=, Lok 4 MR, HZER R, HIRER.
A SRR PR B H A b T S A s T 20 2l
A 195 3y Tk 24 1R 2 St 6 Mk, ZEEE
FOFHE . RBEE IR L RIRZ s TR 5

2 17T HRFFREMELSHRESER
Fig. 2 Cluster analysis of flavonoids in 17 batches of
Spirodelae Herba

M 7090 b 1. iz 13 7 ANk, i,
PEIRIEE . AR BT R S A A ™ A {IG, B 1
TFE S PRI TR 28>0 28,
2.6 ERHH

JH ik SPSS 21.0 G vt F A rh 14 Rl 1 40 B 6 AN ]
PR S AN S A AT AL B, ) A
MHRREI T 22 W3R 30 AR UASIEME KT 11
AN Wy, 3 3 a0, HATEH 1 AR I
SRFIEME R T 1, B 3.824, {HEE 1 AN Ry
ZEH B TTRRE R 76.477%, (/. HHEEGIT 2
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DAY, BRRTTERR AL F] 89.022% >85%, #
HI A 2 A R AL 5 T V7 N 2 I 2 0 1) 4

ERSY 2 AR N 0.627, J5ETTERE N
12.545% , 2 AN BB 2 TR R A

AR R, ATHIET 2 AR TS A . B 89.022%, AR RS AT ER . RISy ARk
J85r 1 RS HEAR Sy 3.824, J7 ETTRRR N 76.477%, M85 LGB0 KA WE 4 Fis.
x3 ERDONERNESE
Table 3 Principal component analysis of total variance explained
Wi LSRR RIY FECFJ5 AN
=ik Ji ZETTRRAR /% FMTTHRE % ail Ji ZETTRRA /% KBTTRRE %
1 3.824 76.477 76.477 3.824 76.477 76.477
2 0.627 12.545 89.022 0.627 12.545 89.022
3 0.342 6.842 95.863
4 0.150 2.994 98.857
5 0.057 1.143 100.000
x4 2NERSHBEFES. EHAES. FEEIRHA
Table 4 Factor scores, principal component scores, total scores, and ranking of two principal components
eSS Kf 1435 A 2 135 TGy 14395 F RS 2 1345% LrE 13y He4
&S Ber 2 1.838 08 0.560 35 3.582 135 0.448 980 3.129 097 1
Br7h 1 1.697 09 —0.505 01 3.307 367 —0.404 640 2.770 631 2
iy 1 1.53541 —-0.211 77 2.992 277 —0.169 680 2.535075 3
i 2 0.778 15 2.714 11 1.516 494 2.174 678 1.611 664 4
| biik|o 0.200 02 0.063 01 0.389 808 0.050 487 0.340 744 5
ik 2 0.244 68 —0.785 64 0.476 844 —0.629 490 0.316 873 6
LR 0.171 58 —0.246 13 0.334 383 —0.197 210 0.257 517 7
GRL2 0.058 38 —-1.161 53 0.113 774 —0.930 670 —0.037 250 8
L9583 —0.109 09 —0.540 67 —0.212 600 —0.433 210 —0.244 500 9
thZ: 2 —0.269 87 0.128 33 —0.525 940 0.102 824 —0.435 020 10
III 2§ Wk 1 —0.276 41 -1.073 13 —0.538 680 —0.859 840 —0.585 120 11
T 1 —0.637 94 0.188 49 —1.243 250 0.151 027 —1.041 640 12
&K1 —0.658 06 —1.111 08 —1.282 460 —0.890 250 —1.225750 13
T 1 —0.788 92 —0.067 15 —1.537 480 —0.053 800 —1.322 950 14
L5 2 —1.107 70 1.663 94 —2.158 740 1.333 230 —1.653 820 15
I 3 —1.008 88 —0.261 63 —1.966 150 —0.209 630 -1.712 170 16
IR 2 —1.666 52 0.645 51 —3.247 790 0.517214 —2.703 390 17
3 it TS AN Y B RS, HER S

M R LS5 ELAESE T RN R A, TR
FERVASTIGA I PN & ol HIL AN PR N ESE Il
INEHN I (Y 0 - & PN

PSR R S A I B ARy,
SCHR P70 P R S SR B AT TIE, (HARY
AT A SR, AR SE B0 S T HPLC
SETFPEAR 5 AN BRI B 70 AN R 4 1
PRI AAT S, RN AL

AR, W15 B WIANR] ™ b3 5 25 M 1) i i
e LB . BhAh, ARSI ] DPPH H 2k
T R RIS AN ] 7 AN [ VP78 A P a8 A i 1
5 B RSR B RAHSCHE AT TP, BT
MPTEETES 5 A SIS Y B K IEAR
Ky RMWPX 5 AT B AT A P8 254 e
PEBIIOTEAR, (HERE 5 EEAN ) P2 9 5 SR B
MpEgh R, 2. MR AR S BT
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IR 3R A5 O R B 70 b 2% S (R T 2 6 1

TS TIAT IR, g (R 2y Ay AR n 2
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