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Analysis of main active components in leaves and flowers
of Forsythia suspensa from different regions
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Abstract: The content of main active components in Forsythia suspensa leaves and flowers from different regions were deter-
mined , and the quality difference in samples was analyzed , which provided a scientific basis for the resource development and
comprehensive utilization of F. suspensa leaves and flowers. The contents including rutin, hyperoside , forsythiaside A, forsyth-
in, oleanolic acid and ursolic acid in 28 batches of F. suspensa leaves and flowers were determined by liquid chromatography
mass spectrometry ( LC-MS) technology, the results were analyzed by principal component analysis ( PCA ). The results
showed there were some differences in the main active components in F. suspensa leaves and flowers from different regions.
PCA showed the comprehensive evaluation of F. suspensa leaves in Shanxi Linfen,Shaanxi Xian and Henan Xinyang were bet-
ter ,and the comprehensive evaluation of F. suspensa flowers in Henan Luanchuan, Shandong Pingyi and Shandong Rizhao were
better. The method of good precision,repeatability and stability showed certain reference to the comprehensive utilization and
the development of resource products of F. suspensa leaves and F. suspensa flowers.
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Table 1  Regression equation and linear range
&Ey LRV A A FREL RNV
Compound Linear regression equation Correlation coefficient Linear range ( pg/mL)
7] Rutin Y =1 126.57X-5.635 0.999 6 10.75 ~344.00
4 22 Bk 1T Hyperoside Y =978.52X +23.747 0.999 7 7.00 ~224.00
%G A Forsythiaside A Y =1059.64X +24.132 0.999 4 10.00 ~320. 00
5 Forsythin Y =625.43X +17.328 0.999 7 16.25 ~520.00
FFEURER Oleanolic acid Y =682.31X +28.259 0.999 5 10. 80 ~270.00
RFEIRZ Ursolic acid Y =533.74X +19.475 0.999 5 11.40 ~285.00
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Fig. 1

Mass spectra of 6 components to be determined
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2 EFM HPLC &iEE
Fig. 2 HPLC chromatograms of F. suspensa leaves
T AML REX IR T AT5E ST~ S16. FEMMREM EIEIE 1. 2T 52, 2B ;3. MBI A4 SR, B M2 Bextiala
P ;ST ~ S16. BERMAEES AR 1. STEURRL ;2. RESRBZ. Note:A:MI. Chromatogram of mixed standards I ;S1 ~ S16. Chromatogram of the
leaves of F. suspensa; 1. Rutin;2. Hyperoside;3. Forsythiaside A ;4. Forsythin. B: M2. Chromatogram of mixed standards I ;1 ~ S16. Chromatogram of

the leaves of F. suspensa ;1. Oleanolic acid;2 Ursolic acid.

3 &3 e HPLC BiEE
Fig.3 HPLC chromatograms of F. suspensa flowers
TE:ACML RA X T @518 ;S17 ~ S28. HERACREM G 1. 2T 52, 2Bk 3. HERBRT A4, Y. B M2 IRAXIRG T (&
WEE ;S17 ~S28. BEAEAE L EIE R 1. FFHURRR ;2. RERMR ., Note:A ;M. Chromatogram of mixed standards [ ;S17 ~ S28. Chromatogram of the
flowers of F. suspensa ;1. Rutin;2. Hyperoside ;3. Forsythiaside A ;4. Forsythin. B; M2. Chromatogram of mixed standards II ;S17 ~ S28. Chromatogram

of the flowers of F. suspensa ;1. Oleanolic acid;2. Ursolic acid.

2.6 EEBHHH PR, R (S1 ~ S16) 45 5L Bk E W4 1

I FH SPSS 25. 0 B fFxt i #nt (S1 ~S16) ik (PC1) A E o 2 (PC2) By 3R B ot fk % 34 £
FUAE(SIT ~S28) 1 6 Bhif Pkl or iy HPLC &g 78.45% , RUIFTPIA T UE TR ah 2 73 A9 R
SERPEAT R AT, TR AR AR T 1 048 0 58, T 2 A R X M g1 28 51T
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2 EHMH6MBEMRSSE(vxs,n = 3)

Table 2 Content of 6 active components in F. suspensa leaves(x £s,n = 3)

Ji /38 Mass fraction( mg/g)

P i [X
No. Region T X2y S8 PR A pUiNeS FEHERIR REARMR
Rutin Hyperoside Forsythiaside A Forsythin Oleanolic acid Ursolic acid
s1 R I 2.07 +0. 04 8.81 0. 10 15.50 0. 17 12.45+0. 12 1.87 +0.03 7.36 0. 11
2 WF{E 2.71 £0.03 10.37 0. 12 30.45+0.32  35.83 20.35 1.43 £0.03 5.81 0. 10
S3 2RI 1.62 +0.03 2.53 +0.04 0.00+£0.00  45.41 +0.40 1.31 +0.03 5.68 +0. 09
S4 NN 1.35+0.03 2.01 £0.03 0.00+0.00  45.72 +0.41 1.27 +0.03 5.99 +0. 07
S5 T BHYE L 1.77 0. 05 5.42 +0.07 9.35+0.11  22.78+0.29 1.68 +0.05 7.02 0. 08
S6 LG I v 2.84 +0.06 15.43 +0. 19 44.04 £0.39  29.00 +0. 31 6.28 0. 09 23.02 +0.25
S7 1L R 1.35+0.03 5.27 £0.05 27.14£0.31  27.19+0.30 1.81 £0.05 9.36 +0. 12
S8 B 7 K 1 1.80 0. 04 6.76 0. 07 9.73+0.13  30.26 £0.32 1.63 +0.05 6.79 +0.11
S9 B P % 0.75 0. 03 1. 64 +0. 06 2.64+0.03  21.18+0.28 1.59 0. 06 6.50 0. 10
S10 (SRS 2.21 %0.03 13.79 0. 13 53.22+0.43  34.60 =0.37 2.65 0. 04 10. 83 +0. 12
s11 INRASHE 1.08 0. 03 5.86 =0.07 19.54 +0.25 13.64 £0.23 1.96 +0. 03 7.05 0. 08
S12 INARAE % 0.47 £0.03 0.42 £0.03 0.00£0.00  31.11+0.36 1.32 +0.03 6.83 0. 07
S13 IR & 0.72 0. 03 15.32 +0. 14 28.4+0.35  31.06+0.35 2.09 0. 03 7.80 0. 08
S14 WLIZR H A" 1.59 £0.04 7.71 £0. 12 8.06+0.11  34.23 +0.37 2.86 0. 04 6.91 0. 08
S15 LRI 1.04 £0. 04 2.08 0. 03 0.00 £0. 00 32.38 +0. 31 1.26 +0. 03 6. 18 +0. 06
S16 W16 Bt 0.62 +0.03 0.63 0. 03 0.00+0.00  26.57 +0.30 1.45 +0.03 7.42 +0.08

3 EDLPOMBUERSESE (25,0 = 3)

Table 3 Content of 6 active components in F. suspensa flowers(x £s,n = 3)

Tt/ %( Mass fraction( mg/g)

e i [X
No. Region T BT HEBBRTY A uiNes SRR RERR
Rutin Hyperoside Forsythiaside A Forsythin Oleanolic acid Ursolic acid
S17 R I 0.99 £0.02 5.77 £0. 06 4.83 £0.06 15.47 £0. 13 4.23 +0.05 10.50 +0. 11
S18 TR A5 FA 1.39 +0. 03 17.27 +0. 17 18.60 +0. 25 8. 14 +0. 12 1.75 +0. 03 6.69 0. 10
S19 b AN 2.15 0.03 6.18 £0.07 0.00 +0. 00 13.80 0. 13 2.42 +0.03 8.47 0. 12
$20 WFZE)1] 2.36+0.04  18.14 £0.20 9.03 +0. 12 28.58 +0.29 4.29 +0.05 9.29 +0.12
s21 kg~ 0.70 0. 03 4.35 £0.08 13.49 0. 13 9.05 £0.11 2.00 +0. 03 7.29 0. 11
S22 1L PG I 3 0.00 +0. 00 0.92 +0.03 1.89 +0.03 3.03 0. 04 1.56 +0.03 6.35 £0. 10
$23 PP NE 0.65 0. 03 7.99 £0. 10 4.03 £0.06 6.49 +0. 10 2.12 +0.03 7.55+0.11
S24 [5diisas] 0. 80 0. 03 7.33 £0.09 7.33 +£0.09 4.17 £0. 06 1.97 £0.03 5.83 +0.09
825 IR 1.42 +0.03 14.13 +0. 12 5.64 £0.07 8.61 0. 11 2.39 +0. 04 6.46 0. 12
S26 IR 2% 2.68 +0. 04 7.50 £0. 11 0.00 £0. 00 17. 67 +0. 24 2.65 0.03 8.78 0. 14
S27 IR TE 0.00£0.00  21.38+0.25  20.61 +0.29 5.92 +0. 10 3.74 0. 04 8.80 +0. 13
$28 %R H ] 1.59 +0.03 19. 68 +0.26 10. 89 +0. 12 22.88 +0.27 3.28 +0. 04 6.23 +0. 10

IR LSRR (DL 4) % PCL STERECR R, A PC2 STRREOR R RIS H . MR 2 A aiay
AR T 22 Wb R R A FFIICR R R AR (PC1 1 PC2) 1533, L4 o3 0 5 22 SRR A h
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RO, A TEME A, ¥ 8 % 0 T VA bR AL H =
0.609 76 x PC1 +0. 174 75 x PC2, 15 H 4% 7= i 1% 58
MR 25 G E H(ILER 5) |, 4B 8 55 2 1 il ol
M A 25 SR R S6 1L P I ¥ S10 Bk VY Y
TN S2 0] p A5 BHEE R 25 G PN 30T, S12 IL AR 2%
2 S16 WAL Bt % S 25 TN B 2%

HERUAE (S17 ~ S28) 54 1/ E 53 1(PCL) FiI
F LG 2(PC2) (1) B TTHR R IK 5] 75. 87 % , ] HIiX
2 A F R M A PEA T4 B PR, B R 4 R
BR(WLER6) 4 PC1 STmkE K S 2 T 1T
FBUR IR FIRE SR , X PC2 BTk A 1 2 S g 1
A R4 228kt . AR 2 A~ Faisr (PC1 AT PC2) 15
O3 BEAT A AL, K 8 7 AR 0T A PR AL H =

x4

0.462 56 x PC1 +0.296 10 x PC2, 15 H} 4% 7= b 3% 9
TG VEME H(WER ) o G5R 7R S20 2RI
S27 AT A1 S28 (AR H HR AR 28 A VAN B 4r s
S22 1Py S24 BV RS AL BV 22
3 &g
3.1 BEFHEAEFEER

FEATE S T I 25 S R 6 FhiG PR R s 26
PER R R RS %8Rs AT EE &2 19 RSD #5/
F3% ; nkE R K 97.2% ~ 104. 1% , RSD 7
1.15% ~1.86% .
3.2 AEFMEANZHNERME

AL R LC-MS AR Z56 F 5, 754
AN T AL 6 Fh BB S 2

AR B A 53 RE

Table 4 Component matrix of F. suspensa leaves

e .53 Component
Compound : 5
FFEURER Oleanolic acid 0. 888
3 BFETF A Forsythiaside A 0. 882
4 22MkF Hyperoside 0.878
REMRR Ursolic acid 0. 866
7T Rutin 0.752 0.299
JEFAF Forsythin 0.97
x5 AREFHEAMHSEEESE
Table 5 Comprehensive score value of F. suspensa leaves from different regions
No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16
PC1 0.44 091 -1.31 -1.5 0.35 555 0.18 -0.27 -1.52 2.58 -0.26 -1.96 0.7 0.11  -1.59 -1.73
pPC2  -1.48 1.23 1.76  1.68 -0.54 -0.13 -0.33 0.26 -1.11 0.7 -1.78 0.2 -0.14 0.49 0.19 -0. 62
H 0.01 0.77 -0.49 -0.62 0.31 3.36 0.05 0.12 -1.12 1.70 -0.47 ~-1.23 0.40 0.15 -0.9%4 -1. 16
Rank 7 3 11 12 9 1 6 8 14 2 10 16 4 5 13 15
®O6 EMLHIM S IER
Table 6 Component matrix of F. suspensa flowers
waEY 43 Component
Compound 1 2
3 TF Forsythin 0.905
FFEURER Oleanolic acid 0. 876 0.179
BEIRMR Ursolic acid 0.704
75T Rutin 0. 659
¥R A Forsythiaside A 0.951
4 4 HHE Hyperoside 0.508 0.762
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Table 7 Comprehensive score value of F. suspensa flowers from different regions

No. S17 S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28
PC1 1.55 0. 68 0.38 3.32 -1.22 2.65 -1. 14 -1. 83 -0.53 1. 16 0.42 1.22
pC2 0. 81 1. 61 -1.74 0.09 0.21 0.9 0.43 0 0.08 -1. 88 2.79 0.97

H 0.48 0.16 -0.34 1. 56 0. 50 -1. 49 0. 65 -0.85 -0.22 -0. 02 1.02 0.85
Rank 4 5 8 1 9 12 10 11 7 6 2 3
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K, AR T2 %55
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