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Simultaneous determination of six flavonoids in
Lindera aggregata leaf by UPLC-MS/MS

ZHANG Yu-jiong, YANG Ying-xin, LIU Jing-hua,SUN Chong-lu "

Zhejiang Pharmaceutical University , Ningbo 315100, China

Abstract ; Ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was used for the simul-
taneous determination of kaempferol-3-0-a-L-rhamnoside, quercetin, quercetin-3-0-B-D-xylopyranoside , quercetin-3-0-a-L-
arabinofuranoside , kaempferol-3-0-(2"-E-p-coumaroyl ) -a-L-rhamnoside and kaempferol-3-0-(2",4"-di-E-p-coumaroyl ) -a-L-
rhamnoside of 6 flavonoids in Lindera aggregata leaf. Kinete XB-Cgcolumn(2.1 mm x50 mm,1.7 pum) was used. The mo-
bile phase was acetonitrile( A)-0. 1% formic acid aqueous solution(B) in gradient elution mode(0-0.5 min,10% A;0.5-2
min,10% —30% A;2-6 min,30% —70% A;6-7 min,70% —90% A ;7-8 min,90% A;8-9 min,90% —10% A ;9-10min,
10% A) with the flow rate of 0.2 mL/min. The injection volume was 1.0 pL and the column temperature was 30 °C. Electros-
pray ionization source ( ESI) and multiple reaction monitoring (MRM) were used combined with negative scanning switch.
The linear relationship between the concentration and peak areas of the ten composition were all linear (r>0.999). The av-
erage recoveries were between 98.15% -102. 84% ,RSD were between 0. 60% -2. 43% . The entropy weight TOPSIS method
was used to analyze and evaluate the relative quality of the L. aggregata leaf from Tiantai, Zhejiang. This method is rapid, sen-
sitive,, accurate and reliable, and can provide a basis for quantitative analysis and comprehensive evaluation of the internal
quality of the main flavonoids in the L. aggregaia leaf.
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Fig. 1 Chemical structures of six flavonoids
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Table 1 Information on samples of aerial parts of Lindera aggregata leaf from different habitats

R i Rty Y EA3E KA ]
No. Produce area Latitude Longitude Collecting time
S1 CREGE N30°06’ E118°58’ 2021.09
S2 g i N25°60' E103°82' 2021.03
S3 BRART N29°79’ E118°18’ 2021. 02
S4 TP EEA N25°31" E110°30’ 2021.05
S5 WA ) N29°79’ E119°69’ 2022.01
S6 AT N26°66 E119°53' 2021.12
s7 RN N29°14' E121°03' 2021. 10
S8 WL L N28°89' E119°81" 2021. 10
S9 W e i N26°46' E111°59’ 2022.03
S10 VLV R N28°24’ E117°04 2021.03

2 HERE4ER
2.1 #hiX@BEEnEE

KB FRE B 25 i FE SRR 0,100 0 g, & F 50
mL HIEHEEIRH , in A 70% FI B 50 mL, K % FRE
T U A R R4S R P A B (T 600 W) 60
min, BUH 0%, FRRPRE B 5, H 70% FFREAD 2 5
R E R, B ELH AT 4 C . 2SR
10 mL, & F 100 mL jffir, H 70% H FE i 25 2 41
J& $847,12 000 t/min B0 15 min, B E W 0. 22
pm 7K PTRE 3878, RIS
2.2 MRABEROTE

HAS X BT 29 10. 0 mg KEBEFRAE , 4051 & T 10
mL S, A B 2B $ 5T 154 X JR I 2%
o 43RS 25 B B W B AR Y £ % 0.5 mL T 10
mL S A R A 0 S A T VR A
50 pg/mL (RGO REAR IR, L 0. 22 wm L UE
DAL, FUKFE P RAE £ H

2.3 Big-FukEs

A0 26 P « 60 HE 9 €5 25 Kinete XB-C,y
(2.1 mm x50 mm, 1.7 pm); JFishtH K 55w
(A) = 0. 1% WRRKFEW (B) , B EVED 0 ~0.5
min, 10% A;0.5 ~2 min, 10% —30% A;2 ~6 min,
30% —70% A ;6 ~ Tmin,70% —90% A;7 ~ 8 min,
90% A ;8 ~9 min,90% —10% A9 ~ 10 min, 10% A;
R : 0. 2 mL/min; #1330 C; #EAE&E:1.0
plo

J i 25 - FILIBE 55 H S B IR (EST) , f 8 4
TG , W55 HL T Ty 4.5 KV AL JE O 450
C 5 AN 35 psis HHBI AN 40 psio Bk R
A MRM =5 #5 5, 25 i1 JK ( declustering poten-
tial, DP) S0 AN 1 H [ ( collision energy , CE) Jii %
ZRA I 3 05 B BT A S T R I AR HE AL A
Y, 2GRN SELR 2, 6 MEEELE Y
BB T {3 [ R EST B s 2 3.

®2 FUMSFUERLLSH

Table 2 Optimized MS parameters of targeted compounds

waEy FE X FEVE R T EEE Tl A v
Compound Quantitative ion pair Qualitative ion pair Declustering potential (V) Collision energy (V)
1 431.0—-284.4 431.0-251.6 -104 35
2 300.8—150.6 300.8—177.9 -106 -30
3 432.8—299.4 432.8-270.2 -110 -39
4 432.8-—299.7 432.8—-270.0 -120 =37
5 577.0—284.6 577.0—251.6 -126 231
3 722.9—-284.4 722.9—-251.6 -180 46
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Fig. 2 Total ion chromatogram of the extract of L. aggregaia leaf
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Fig. 3 Negative ion ESI mass spectra of six flavonoids compounds
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Table 3 The regression equation, correlation coefficient, LOD and LOQ

66 St e o e Concnn | 100 it
Compound equation (ng/mL) coefficient(g) O (ng/mb) LOQ(ng/mL)

1 Y =1782.39X +4.84 x10° 50.0 ~2000.0 0.999 6 0.5 1.5

2 Y =600. 10X-5. 44 x 10* 50.0 ~2 000.0 0.999 0 0.5 1.5

3 Y =411.17X +6.94 x 10* 50.0 ~2 000.0 0.999 4 0.7 2.1

4 Y =2 586.68X +6.70 x 10° 50.0 ~2 000.0 0.999 7 0.6 1.8

5 Y =19.53X +1.78 x103 50.0 ~2 000.0 0.999 2 0.8 2.4

6 Y =13.37X +2.16 x 10° 50.0 ~2 000.0 0.999 1 0.7 2.1

2.5 FAEFER
2.5.1 #&EMRAeE RGN T

K HE MR L Al A PR A PR . LA
P 3 A5 EMELE (S/N = 3) i b A R (LOD) , 10
fE(EBRLL(S/N = 10) il @ R (LOQ) , e 445 )
A0 BEH B R PR A PR, 25 SR LR 3. R MiX
D7 BAT B ) AR
2.5.2 HEHEER

A BN B8 AT 5 %o BB 95 9 (50,200 0,1
000 pg/L) LM 6 ¥, 154 BAnfb A P i
) RSD Yu [ 2. 14% ~3.28% , FRIAIEKGHE R
4o
2.5.3 EAMHTEK

W] —HE 5 25 A S R 6, 422, 17 TR
J5 5 A A S R, R L AR 6 M B Y

%, H RSD
BwREMR
2.5.4 FEMEERE

W e — 3 s W, A I FE R I S 0.2.4.6,
12 24 h ARIE I 2 . R 6 & b & W il i i R 5
RSD {H G FEII7E 1.81% ~4.06% , i BHAE 5 75 W AE
24 h NEGE o
2.5.5 ek FEER

KRR —HE R B & m iy S 25 AL 6
By, 2501 ¢ RSB IA =S RIHBE ) 10 Foxt IR
VW (20 ,100.0.1 000 we/L) 4“2, 17 3K J5 il
P A, AR e e & i RSB
AWy T B 2E 98. 15% ~ 102. 84% , H: RSD i
FEIITE0.60% ~2.43% (W3R 4) , R T nfie %
KA

JLFEILE 1.24% ~3.77% ,F2 B )71

&4 6 MEMELAMAIMEEBRRELER (n=6)

Table 4  The result of recovery tests for six flavonoid compounds (n=6)

FRkEEE JEA A

FHCR PR

UGS

Ciﬁfiﬁ d S.ample Original Added Found amount Recovery Average (RU/SCD)
weight(g) amount ( mg) amount( mg) (mg) rate( % ) recovery( % )
1 0.101 8 0.195 4 0.197 8 0.399 6 103.26 102. 84 1.95
0.1015 0.194 9 0.197 8 0.401 9 104. 66
0.101 8 0.1955 0.197 8 0.3952 100. 95
0.103 7 0.199 2 0.197 8 0.403 4 103.26
0.1017 0.1953 0.197 8 0.402 9 104.97
0.102 5 0.196 8 0.197 8 0.394 5 99.93
2 0.101 3 0.468 9 0.465 2 0.934 4 100. 07 99.79 0.99
0.099 1 0.458 8 0.4652 0.9257 100. 37
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FREEa JFA i JIA & WA [T RaclElE

Cffnﬁ)ﬁd S.ample Original Added Found amount Recovery Average (R;CD)
weight(g) amount( mg) amount( mg) (mg) rate( % ) recovery( % )
2 0.100 5 0.465 2 0.465 2 0.930 1 99.94
0.099 4 0.460 2 0.465 2 0.924 6 99.81
0.101 5 0.469 9 0.465 2 0.925 3 97.88
0.098 8 0.457 3 0.465 2 0.9257 100. 69
3 0.100 4 0.328 2 0.320 2 0.633 4 95.30 98. 15 1.92
0.099 8 0.326 2 0.3202 0.634 5 96.25
0.102 1 0.3339 0.320 2 0.653 4 99.78
0.099 4 0.3250 0.320 2 0.642 7 99.23
0.100 6 0.3290 0.3202 0.645 4 98.81
0.100 2 0.327 5 0.320 2 0.646 2 99.52
4 0.099 0 0.342 4 0.3403 0.674 6 97.61 99.20 1.79
0.101 5 0.3511 0.340 3 0.684 8 98.05
0.1010 0.349 5 0.340 3 0.6835 98.14
0.102 2 0.353 5 0.3403 0.6915 99.33
0.100 4 0.347 3 0.3403 0.686 2 99.59
0.100 7 0.348 3 0.340 3 0.697 0 102.47
5 0.100 2 0.181 4 0.180 2 0.367 8 103.45 101.46 2.43
0.100 6 0.1820 0.180 2 0.359 7 98.61
0.101 7 0.184 0 0.180 2 0.366 7 101.37
0.101 3 0.183 4 0.180 2 0.370 2 103. 68
0.1015 0.183 7 0.180 2 0.369 9 103.32
0.100 9 0.182 7 0.180 2 0.3599 98.33
6 0.100 3 0.199 6 0.201 2 0.398 8 99.02 99.33 0.60
0.101 4 0.201 7 0.201 2 0.401 7 99.40
0.101 0 0.201 0 0.201 2 0.402 6 100. 20
0.100 3 0.199 7 0.201 2 0.398 2 98. 66
0.102 1 0.203 1 0.201 2 0.402 1 98.89
0.102 2 0.203 4 0.201 2 0.404 3 99.83
2.6 HMEENE PRSI, K2, 37 LY UPLC-MS/MS 447

KPR AR M 5 25 R AR 2. 17 Tk I, 10 AN M S 25 6 ML Wi SRR S
®5 FEFHESHHB6ATHSNEE

Table 5 Content of six main components in L. aggregata leaf from different habitats (mg/g)

B 45 1 2 3 4 5 6 B
No Total
S1 1.58 1.68 1.71 2.04 2.52 1.42 10.94
S2 1.56 1.47 1.41 1.61 2.04 1.28 9.37
S3 1.78 2.28 2.36 2.66 1.85 2.15 13.08

S4 1.51 1.75 1.64 1.78 0.72 0.88 8.28
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214% 5( Continued Tab. 5)

S5 1.69 1.74 1.25 1.41 1.26 1.12 8.46

S6 2.40 3.22 3.02 3.22 1.40 1.58 14.84

S7 2.53 5.57 4.67 4.98 2.44 1.79 21.98

S8 1.92 4.63 3.27 3.46 1.81 1.99 17.09

S9 1.65 3.31 3.63 3.73 1.65 0.65 14. 64

S10 1.09 1.42 1.64 1.77 1.33 0.54 7.79
2.7 K§HL-TOPSIS ;X5 # RACE Y IAT B PP, MUCHE LA HE il B 0 4 R

AT A7 S 5 R NTE R E 4, fF SROERE DREE RO PREAE B AR 2 6 4>
BYREAL-TOPSIS 3£ %F 10 AN ™ B 25 i B AL YRR SR AR E AR, 452 R 6

Fo6 6 MLAMBIBEMNE

Table 6 Entropy and weight of six compounds

sty T fEL 225 RA &
Compound Entropy Coefficient of difference Entropy weighting
1 0.917 8 0.082 2 0.099 5
2 0.773 7 0.226 3 0.273 9
3 0.829 7 0.170 3 0.206 2
4 0.836 6 0.163 4 0.197 8
5 0.925 4 0.074 6 0.090 3
6 0.890 7 0.109 3 0.1323

AR 6 Bﬁ%é@kﬁﬁﬁ%ﬂﬂﬁ FERCE R VAL 2505 I AR A ) R EC R B | 5 B BB A 1) K G
e A9 5) Fik 6 NS AW R IE AR . BB REEAIEMAEEL C [H R/ LA TEM TR 5L C,
0.057 2.0. 191 2.0. 137 4.0. 133 8.0. 046 2 F1 A, Z2IZ M PEM B i b 4y, 45 5 32 7,
0.070 5, A IAHAEI R 0, BeJ5iHE 10 AN = b

F7 10 AN F=#1 TOPSIS SEEM &5 R
Table 7 TOPSIS evaluation results of ten producing areas

B ?)'J_EIE,*E% E’JEE%& ifl!ﬁiﬂﬁﬁiéﬁﬁﬂﬁ_ 7 La TR AL s o b
Sample No. 1S-tance to p(.)smve DlsFan(’,e to m?gatlve Comprf-her}qlve Comprehensive sorting
ideal solution ideal solution evaluation index

S1 0.246 6 0.071 0 0.223 5 6

S2 0.268 1 0.0515 0.161 0 7

S3 0.200 8 0.111 0 0.356 0 5

4 0.258 9 0.034 1 0.116 7 9

S5 0.268 5 0.040 3 0.130 5 8

S6 0.148 1 0.1470 0.498 2 4

S7 0.0159 0.2856 0.947 3 1

S8 0.096 2 0.200 6 0.6759 2

S9 0.144 3 0.159 3 0.524 7 3

S10 0.273 9 0.026 0 0.086 5 10
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