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Abstract: Objective To develop a high performance liquid chromatography (HPLC) fingerprint and multi-components quantitation
method for quality evaluation of Forsythia suspensa flowers. Additionally, chemometric methods were employed to analyze and
compare the chemical profiles of F suspensa flower samples collected from different geographical regions. Methods An accurate
and reliable HPLC fingerprint of F. suspensa flowers was established, and chemometric analysis including hierarchical clustering
analysis (HCA) and principal component analysis (PCA) were conducted to evaluate the chemical differences of F. suspensa flowers

from different producing areas. Moreover, a validated HPLC method was employed to determine and compare the contents of 7
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bioactive compounds in 20 batches of F. suspensa flowers samples. Results The HPLC fingerprint of F suspensa flowers was
established. A total of seven common peaks in fingerprint of F. suspensa flowers were identified, including chlorogenic acid, rutin,
forsythoside A, (+)-pinoresinol-4-O-B-D-glucopyraside, phillyrin, quercetin and phillygenin. The similarities of 20 batches of F
suspensa flowers samples were ranged from 0.853 to 1.000, indicating the established HPLC fingerprint method had good specificity
and could be used for the quality evaluation of F. suspensa flowers. HCA and PCA results showed that there were certain chemical
differences among F. suspensa flowers samples from different producing areas, and the F. suspensa flowers samples could be generally
classified into three categories. Furthermore, the quantitative results also showed significant differences in the contents of bioactive
components among F. suspensa flowers samples from different producing areas. Conclusion The present study provided stable and
reliable HPLC fingerprint and multi-components quantitative method for quality evaluation of F. suspensa flowers, and also provide
useful information for the development and utilization of F. suspensa flowers.
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B-D-glucopyraside; 5-phillyrin; 6-quercetin; 7-phillygenin.
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Fig.1 Fingerprints of 20 batches (S1—S20) of E suspensa
flowers and reference fingerprint (R)



PED 2025F 11 5 B£56% H 218 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 21

* 7959 »
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Table 1 Similarity of 20 batches (S1—S20) of E suspensa

flowers

FE il AEALLEE FE i AHALLE
S1 0.871 S11 0.997
S2 0.853 S12 0.998
S3 0.946 S13 0.997
S4 0.996 S14 0.999
S5 0.996 S15 0.998
S6 0.997 S16 0.994
S7 1.000 S17 0.997
S8 0.998 S18 0.998
S9 0.996 S19 0.998
S10 0.998 S20 0.998
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Fig. 2 HCA of 20 batches (S1—S20) of F. suspensa flowers
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Table 2 Retention time, calibration curves, correlation coefficients, linear ranges, LOQ and LOD of seven components

D% [l 77 7% r 2R M35 FEl/(ug-mL ") LOQ/(ng-mL™") LOD/(ng'mL™")
SRR Y=23.058 X—189.850 0 0.999 2 8.28~89.64 175.00 116.67
= Y=9.395 8 X—8.028 4 0.999 8 7.83~1002.00 35.00 23.33
HEIRR A Y=16.743 X—20.94 5 0.999 9 8.11~1 038.00 67.50 45.00
(H)-TAIE 3= -4-0-B-D-Hi Zi ML BEE ¥Y=10.181 X+2.358 8 0.999 9 8.14~1 042.00 120.00 80.00
TR Y=10.334 X+4.202 4 0.999 9 3.98~510.00 27.50 18.33
Wi e 3 Y=21.546 X—31.05 7 0.999 8 2.00~32.00 20.00 13.33
e Y=16.505 X+8.925 2 0.999 9 1.91~490.00 30.00 20.00
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A mg/g, RARFRFEWI-FEIBE T E 5N 12.62.

3\ \ 33.12. 44.32. 43.16 mg/g.
o AW 6 1 7 7 77 M TR 8 AR 2 B B
| T Bl b, BE— 2D HCAUAS [R] 77 M R AR R L &
B 5 ﬁ B S 2 G Ol i 5 B, AN E P HE
N '1 ‘R s FALERE A 7 DRI RO & B AAAE — E R
I | T 5o LR AL R R R R (1 BB
° 10 20 030 40 ] g P SRR s 1 7 R b R A 1l AR
FHAERE L T AGE R A SRV RICT H
e SIS e e RRORDREN 3 4, TR 00 o B O T A 3
1-chlorogenic acid; 2-rutin; 3-forsythoside A; 4-(+)-pinoresinol-4-O- (+)-Fa Jig F -4-0-B-D- 7 %j Wik e B HF M3 X 1 45
B-D-glucopyraside; 5-phillyrin; 6-quercetin; 7-phillygenin. AR 2 28 Al 4 78 L PG Y] Jb PR 3 S0 A6 R R BE
4 RAWBS (A) MEDEAER (B) HPLC BiLE 8w Ll R R R AT R AE R
Fig. 4 HPLC chromatograms of mixed reference solution fﬁ—l ﬁ %s':i/g,\i iﬁ f%] , Ll P A0 ye) E’ej Fﬁ yjﬂ\ 2, ;Ji\ ﬁ é\

(A) and E suspensa flowers sample (B) k.

=3 20 HEBEHERD T METRDEEWELER (XL5,n=3)

Table 3 Contents of seven components in 20 batches of E suspensa flowers (X1 S, n=3)

RSB (mg g™

i SRR T HEREETFA  (H)-MEE-4-0-B-D-Hi B ML T EEE WEE SRR
S1 5.92£0.05 23.01£0.54 12.25£0.02 2.954+0.09 3.41%£0.10 0.19£0.01 3.53%0.12
S2 6.03£0.05 2095£0.12 12.40£0.58 1.93£0.02 328%0.04 0.26£0.02 5.79%+0.02
S3 6.29+0.02 28.58+£0.18 20.19£0.07 8.33+0.19 4.66+0.03 0.53%+0.02 3.99+0.07
S4 3712020 38.22+0.10 29.97£0.13 23.03£0.30 6.81£041 0.76£0.01 1.38%0.13
S5 3.87+0.10 44.15+£0.37 33.05%0.59 25.42+0.84 6.561+0.12 0.75+0.03 1.08+0.05
S6 3.64+0.04 37.04+0.55 29.55+0.30 25.02+0.30 6.141+0.06 0.82+0.02 1.824+0.09
S7 3.04+0.01 38.38+0.37 31.84+0.02 28.64+0.01 6.751+0.02 0.99+0.03 1.38%+0.01
S8 1.32+£0.02 40.68+0.32 38.89+0.08 34.16+0.43 7.80£0.06 0.97%+0.02 0.36%0.03
S9 1.30£0.02 39.87+£0.52 39.60£0.71 34.584+0.81 8.24+0.11 0.97%+0.01 0.42+0.01
S10 1.26+0.01 42.95%0.09 39.28+0.01 34.374+0.02 7.45+£0.01 0.90%+0.02 0.33£0.01
S11  1.284+0.01 39.85+0.37 38.37%0.63 35.00+0.27 7.794+0.02 1.03£0.02 0.3940.01
S12  1.2740.02 39.30%+0.12 38.18%+0.32 34.691+0.65 8.04+0.11 0.954+0.02 0.42+0.02
S13  1.424+0.02 51.38%+0.64 46.89+0.66 44.70+0.63 8.33+0.14 0.831+0.02 0.24+0.01
S14  1.24%+0.01 42.76%+0.07 35.11%0.05 32.00+0.05 7.34+£0.01 1.434+0.04 0.60%0.01
SI15 1.254+0.01 41.29£0.13 36.72%0.05 34.734+0.03 8.02+£0.01 1.454+0.02 0.61%0.01
S16 1.234+0.02 40.43%+0.34 36.19%0.15 39.224+0.75 8.63+£0.05 1.20+0.03 0.47%0.01
S17 1.124+0.05 38.85%+0.04 35.57%0.06 34.434+0.06 8.38+0.01 1.354+0.02 0.53£0.01
S18 1.18+0.01 38.85%+0.10 35.72%0.09 34.161+0.12 8.50+0.01 1.434+0.01 0.55£0.01
S19  1.18+0.01 43.06%+0.05 34.40%0.12 32.71+0.06 8.61+0.01 1.444+0.03 0.58+0.01
S20 1.224+0.02 43.67%£0.41 3535%0.15 34264+0.22 9.31%£0.06 1.44+0.01 0.63%0.01
3 g 90% FHEE « 80% FHE « 70% H - 60% FHE . 50% )

NT@ESDEMIE TR BN Z o S N RREEL (12400 12604 12804 121004 11 120D,
SETTVE, H NG IR ICR A AT TR AR BN (104 204 30, 40, 50min) FEATLEETET,
1, UL 7 PR e IS BN SRR, IR RILDL 80% I HEHGA A, BHKLL 1 1 100, A4
BUOR: (Egiid. @md . JREER (FHEE. 8. B 40 min B X418 FP AL 22 R SR B R i £
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Different letters indicated differences in chemical composition between different producing areas, P < 0.05.
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Fig. 5 Comparison of contents of seven components in F. suspensa flowers from different origins
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