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5 E: BB @SL%EM Forsythiae Fructus (1) UPLC ¥88UEIWE & 2 iior S &R ik, HEE S ES LI RAR =
WOEAZM R ZE Ry a3k RAFERP ] Titank Cis BI%H (150 mmX 2.1 mm, 1.8um) , LMARHEZHE (A) -02%
FERKVE (B) NUEIAE, BREEVE (0~5min, 5%~12%A; 5~8min, 12%~20%A; 8~15min, 20%A; 15~18min,
20%~29% A; 18~20 min, 29%~48% A; 20~25min, 48%~70% A; 25~28 min, 70%~85% A; 28~30min, 85%~5%
A, EFURE 0.3 mL/min, AR 30 °C, #EEEEN 0.4 uL, EAEREKAEN (0~13.2 min, 265nm; 13.2~20 min,
260nm; 20~21.5min, 270nm; 21.5~22min, 275nm; 22~30min, 280nm) . %FHFFZ5H SCRIRE A AL SR B0 30 4T 41
BUSEVEAT, a5 ES 0, RRIEEMERT A, &1 0T, IR, SRS E. &R & 7TEMLH
(IR SURE, L6 Sl SR, FEARICT 11 AN EIE, FIRIRG ERNESR AL 5 AN @ik, 235 50k 6 GEEST A) .
Vg7 (T L g9 GEMITD | g 10 GRARED « W 11 GEARE) o 24 HUEMZMFE R HE SUEIRE AU IITE 0.99 LA E.
WG 24 HEFEFURE R 3 28, ARIFEHSRIES RN —28. R TR0, AN [F = SRR 1% R (R AR FE 2 5
HEREEE A T . MIREE. IR R BE B0 A 59.286 5~114.849 2. 2.653 6~4.055 6. 7.133 3~
11.911 1., 0.3007~1.614 6. 0.0893~0.838 2 ng/g, & HVE¥HE, & I RIGFHILMRR, THMEERIZEE 104.30%~
111.48%, RSD 7E 1.86%~2.96%. il OPLS-DA T ~N[JZZ =AU E A (variable importance projection, VIP) 43Tl Hi %
BEH A %5 3 MR ATENAREFHEM P 22 Rbr . 4538 BOLA) UPLC QUSRI & =il i iifase . w4,

AOERLZIM IR BV SR R KR k5% .

KR TR FRGUENE; ARRFTHh; SRR A T BT RRE BRI RS
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Based on UPLC fingerprint and multi-index component determination combined
with chemometrics to evaluate quality of Forsythiae Fructus from different
sources
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Abstract: Objective To establish an ultra-high performance liquid chromatography (UPLC) fingerprint and multi-component content
determination method for Forsythiae Fructus from different sources, and to evaluate the quality of Forsythiae Fructus from different
sources in combination with chemometrics methods, so as to provide technical method reference and basic data for its quality control
research. Methods Phenomenex Titank Cis chromatographic column (150 mm x 2.1 mm, 1.8 um ) was used, with acetonitrile (A) -
0.2% formic acid water (B) solution as mobile phase, gradient elution (0—35 min, 5%—12% A; 5~8 min, 12%—20% A; 8—15 min,
20% A; 15—18 min, 20%—29% A; 18—20 min, 29%—48% A; 20—25 min, 48%—70% A; 25—28 min, 70%—85% A; 28—30 min,
85%—5% A). The flow rate was 0.3 mL/min, the column temperature was 30 °C, the injection volume was 0.4 pL, and time-

programmed wavelength detection wavelength was set at a fixed wavelength (0—13.2 min, 265 nm; 13.2—20 min, 260 nm; 20—
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21.5 min, 270 nm; 21.5—22 min, 275 nm; 22—30 min, 280 nm). The fingerprints of Forsythiae Fructus from different sources were
constructed, and the contents of forsythiaside A, rutin, forsythin, pinoresinol and forsythigenin were determined by similarity analysis
and chemometrics analysis. Results The fingerprint of Forsythia suspensa was established, and taking peak 6 as the reference peak,
11 common peaks were marked. A total of five chromatographic peaks were identified by reference substance comparison method,
which were peak 6 (forsythiaside A), peak 7 (rutin), peak 9 (forsythin), peak 10 (pinoresinol) and peak 11 (forsythigenin). The similarity
of fingerprints of 24 batches of Forsythiae Fructus samples was above 0.99. Cluster analysis divided 24 batches of Forsythiae Fructus
samples into three categories, and different origins were clustered into one category. Principal component analysis showed that there
were differences among Forsythiae Fructus samples from different origins. The mass fraction ranges of forsythiaside A, rutin, forsythin,
pinoresinol and forsythigenin were 59.286 5—114.849 2. 2.653 6—4.0556+ 7.1333—11.911 1. 0.3007—1.614 6. 0.0893—0.838
2 ng/g, respectively. The methodological investigation showed that each component showed a good linear relationship. The average
recovery was between 104.30 % and 111.48 %, and the RSD was between 1.86 % and 2.96 %. Three components such as forsythiaside
A were screened by VIP analysis under OPLS-DA, which could be used as differential markers of Forsythiae Fructus in different
producing areas. Conclusion The UPLC fingerprint and multi-component content determination method established in this study are
stable and reliable, which can provide scientific basis and reference for the quality evaluation and control of Forsythiae Fructus.

Key words: Forsythiae Fructus ; fingerprint ; different producing areas; forsythoside A; rutin; phillyrin; pinoresinol; forsythigenin;

chemometrics
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suspensa (Thunb.) Vahl [FJ8 5520, 23 Bl H# K
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Table 1 Collection information of Forsythiae Fructus samples
EIkE] FEHL SRAR[A] M5 FEH RAERT 1]
S1 ARG ¥ BH 2022-08 S13 ITpispesy 2022-08
S2 T RE VB 2022-08 S14 L PEIE 2022-08
S3 T RG VB 2022-08 S15 kg & 2022-07
S4 T RG VB 2022-08 S16 AT AL HE R 2022-08
S5 IS 2022-07 S17 L HR 2022-08
S6 IS 2022-07 S18 L HR 2022-08
S7 iR 2022-08 S19 L HR 2022-08
S8 P 2022-08 $20 T b S £ 2022-08
S9 P 2022-08 S21 T b R £ 2022-08
S10 P 2022-08 S22 T b S £ 2022-08
S11 L7 2022-08 S23 LA KT 2022-08
S12 TPy 2022-08 S24 FALA KT 2022-08

2 FAEEHR
2.1 @Y

R N IES ] Titank Crs Bi5AE (150 mm X
21mm, 1.8um) ; WM NEE (A) -0.2%F R
IKIER (B) BEFEPEM (0~5min, 5%~12%A; 5~
8 min, 12%~20%A; 8~15min, 20%A; 15~18
min, 20%~29% A; 18~20 min, 29%~48% A; 20~
25min, 48%~70%A; 25~28min, 70%~85%A;
28~30min, 85%~5%A) , &R E 0.3 mL/min,
FEIR 30 C, AR 0.4 ul, R EREK (0~13.2
min, 265 nm; 13.2~20min, 260 nm; 20~21.5 min,
270 nm; 21.5~22 min, 275 nm; 22~30 min, 280
nm) o
22 AEEREIE
22,1 RERSIERIHI 5 R B R R
FABEH AL TS PallERE. T, IR
R, INHEEEERR T AT 10mL &R, 2]
FUREMREE N 0.507 0. 0.512 0. 0.766 0. 0.507 0.
0.524 0 mg/mL [ 51— HE it i 25V - A %5 B R
X RE i VDS B, N AR R E A A 2 mL, i R
JREWEEY N 447.40. 15.40. 1.90. 4.18. 0.13
pg/mL IS X R A
222 HEKMEEIE & OREERRBCERM R O
60 HiF) 1.0g, BT SomL #EEHEH, A 20mL
TO%MIFHEE, FRE e, HAEAE (D) 250 W,
BIF 40 kHz) 30 min, HUH, #EZEEE, HIRIR
E R, F 70% FRERNE IR, #8257, F 0.22
um FUFLIERESE, HUSE IR RIS .

23 FHEFER
231 FEEERK B S16 SIEMZAARR, %R
“22.27 BUN AR AT, 1% “2.17 U &%
PEHEREDIE, ELEHERE 6 Ik, DL 6 S(ailhig GEM
PR A NS HRIE, W15 LA U I A XS Of BRI [A]
RSD fH¥%/NT 0.46%, FHXTUEHIFR RSD {HI/NT
2.97%, RIIEHEHE R
232 EEMRK  HUS16 SiEMZGHHEIEK 6 4,
FEHR2.2.27 T FPATHI % 6 R SV, 442.17
TR g R e, DL 6 Sikig G
A) RNZHRIE, A& IA I B A X OR B 15 (3] RSD
B3 /NT 0.52%, AHXTIEETRIAR RSD {E /N T 2.95%,
KW ZITEEE LT,
233 FaEthEilEe  HS16 SEMZMM AR, %R
“2.2.27 TR A& BRI, 1% 9217 TR a4
PFEREM E, 29 F 04 2. 4. 8. 12, 24 h 3R
JE, PL6 St GERMESE A NSHIE, NS
2 A W AR GO/ B I 1R] RSD {E 37N 1.32%, #H
XU THI A RSD {14/ T 2.95%, 2% B A6 Sl VA
24 h WARE M RIF.
2.4 UPLC B9 EERE N R EITEN

I3 NG B FREL 24 U2, 1 8€2.2.27
TR 7 SR A, IR “2.17 TR ik
PRy BIHERE AT, 0t B K TS 24 HibiE 2
MBS SO SN (R s Fe o S AR LR PEAT
Z41) (2012 A KO 5 UL ST AZSIENE, BER
B B2 0.1, FFET AL B0k et fR g, 12
% SR IEHT Marker (i IgI0HES, T8 IARML
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B . SERER, BTN 24 HLEEZA S g RS HIAH
AEEIRT 0.99, UiBAA FHEIR IR0 0240
B —E AL . AR R NER 2. SEhrsE 11
Mg, RS 1. #% “2.2.17 TR 5%k
FIRA N SR, A5 BN %] IR Sy (i 1,

4 HS A o AT s, AR TR BRI ()
SEFAT U . AHIF TR R LA FR A 5 AN
g, SrRIDNERREE Ay T T fAJIERE. &
FUIEER o 24 TR S RTRFAE (o e T e P 1 D ] 2-
A, TRAXRE SR i B L 2-B.

R2 UMERHMERIBOETNER
Table 2 Similarity evaluation results of 24 batches of

Forsythiae Fructus samples

FE it 5 FHABLEE FE it 5 AHABLE
S1 0.993 S13 0.999
S2 0.994 S14 0.999
S3 0.995 S15 0.997
S4 0.996 S16 0.997
S5 0.999 S17 0.997
S6 0.999 S18 0.997
S7 0.999 S19 0.996
S8 0.999 S20 0.998
S9 0.999 S21 0.996
S10 0.999 S22 0.997
S11 0.999 S23 0.997
S12 0.999 S24 0.998
6
1 9
23 a7 g 10 11 R
= =
e =
s a— L s = fA,
* 3‘ =
——— B s
0 5 10 15 25
t/min

El1 24 #HEZEBHRE UPLC a4 B
Fig. 1 UPLC fingerprint of 24 batches of Forsythiae

Fructus samples

25 WEWEFESH

2.5.1 HCA ¥4 24 AR Hb 025 25 44 80K
WwbRER 11 NI E, BT HR
IR AF| SPSS26.0 Geit ks, #AT RG RIS
DAL R ~F 5 R I BE B AR i R I 45 R EoR,
5P TRR ECEE BN 5 I, 24 2GR 1 2 i i
FEHL (S1~S4) . =i (S5~S14) . b=

(S15~S24) 3 2K, KIFAIE = HIEM 254 R AL
—EER. BAREERILAE 3,

6
A |
1
, 7 5
2 3 4 3 10 11
0 5 10 15 20 25
B
9
7 |
\ 10 11
0 5 10 15 20 25
t/min

6-HEFUBRTF A 7-7 175 O-VERUTT; 10-FAIREE; 11-EHIEE
6-forsythoside A; 7-rutin; 9-forsythin; 10-pinoresinol; 11-phillygenol.
2 %R UPLC XRIELEE (A) REEXMRE B)
BiLE
Fig. 2 UPLC reference fingerprint of Forsythiae Fructus

(A) and mixed reference substances (B)

0 5 10 15 20 25

E3 24 HEBERIRESIRE
Fig. 3 Cluster analysis diagram of 24 batches of Forsythiae

Fructus samples

252 PCA  Ait— B HUHAN A= hdesh [ i g 7 22
S, K 24 HEEBAEAE 11 ANEEIEIEEFTS N SPSS
26.0 M1 Simea GErtH AT E R 0. R HIFRFIE
T ZETHRFE NG 3. 8 3 N LR IR E K
N 6.936.1.543.1.347, BT 2 ok Feik ) 89.315%,
FE SPSS 5o BAATTHREE > 80%0 1 £ K2,
FKIALL L 3 AR AR AR RS ERE R
o EE. PCA 195 EIEIR 24 #UFE RS AL 3 25,
FEfL S1~S4 5 138, Rl S5~14 A4 2 26, FEM
S15~824 M5 3 K, S5EFMhaER—8, WK 4.
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Table 3 Eigenvalues and variance contribution rates of PCA
o HIGHRHIEE PREUE P 7 A
FHIEE Ti ETERE % FRUT ZTTRE/% FHIEE Ji ETERE % BT ZE TR/ %
1 6.936 63.050 63.050 6.936 63.050 63.050
2 1.543 14.023 77.073 1.543 14.023 77.073
3 1.347 12.242 89.315 1.347 12.242 89.315
4 0.639 5.810 95.126
5 0.256 2.327 97.452
6 0.088 0.803 98.255
7 0.072 0.658 98.913
8 0.062 0.566 99.480
9 0.042 0.378 99.858
10 0.010 0.090 99.948
11 0.006 0.052 100.000
T .
B w7 600" R .ijg
Wit 400 has [ RGEl"
200
= %
=200
~400]
—600-
—800
-2 000 —1 000 0 1000 1 500

El4 24 #{tiEHH PCA 557 E
Fig. 4 PCA score plot of 24 batches of Forsythiae Fructus

2,53 OPLS-DA N7 #t—5 7 M A [ 77 Hh % 5
M ZE R, F PCA Reft Bit—B 7 H
BBIAK) OPLS-DA 04T 1 24 #EZE 25445
SUENE R 11 MG EE S SIMCA
14.1 ¥ Atk, #E1T OPLS-DA B, S3IHIHA R2 N
0.984, R*y N 0.961, Q>4 0914, Ui 98.4%[114%
AT CAERE 96.1% M2 5,  HAZMBA P TRl 68

9 91.4% (>50%) , KB i 7 A AL R 1 S il
MIGE ST . 1 OPLS-DA B4 K LK 5, 24
FUER M FER AT 0 3 2K, BEdh S1~S4 N5 1
2%, BEA S5~S14 N 225, KRS S15~S24 N
335, 55X, PCA TR —5. APiILAT
L) OPLS-DA A5t B ik 04 1 52 me 225 SR 1) i
e, A 200 CE B IR AIEAT N IR, 45
B 6, A LR R A 02 HIARFRHIME = T 5%
IR R R Q2 RIFNIEE, O MR E a4
59 D MA2 AR 0 s, BLBAprg sy n]

El5 24 #HLEMZ5HE) OPLS-DA 55
Fig.5 OPLS-DA scores of 24 batches of Forsythiae Fructus
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Fig. 6 Permutation test of OPLS-DA for 24 batches of

Forsythiae Fructus
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N, VIP>1.0 FAEERIEERELZENER, VIPENT
0.5~ 1.0 732 & H B EEZO0 I T4 i B 23, i i
FE VIP {HBOR, RIS 2 S TR (e R R,
ZERLLE 7,11 MR R VIP /MK RIS 6(2.18,
HEREET A) >08 1 (1.52) >1& 5 (1.06) >4 4
(0.86) > 7 (0.73, 77 > 9 (0.62, HEME)
>0%2 (0.57) > 8 (0.50) . RN T #B% VIP {E
BOKIE, QAR 6 GERMERTT AD L 7 T |
g 9 GERET) o IXRELRE Sy 1) F B AN Rl 0L i 1]
ZE R BN 2R, 2 SR B E S, SRR
FAERECKR
26 BENE
2.6.1 ZMERRFEH FEFEWI “2.2.17 BUMRESE
X FE SR 0.2+ 0.54 1,01 2,05 3.0 4.0 uL, $%“2.1”
TR G 2RI E , s B . DA THIAR (V)

vy

g @ %

]

o

<+ o~ o A S
¢ T E Y Y

Var ID (Primary)

7 24 #EZM D 11 MEFRSTE VIP
Fig. 7 VIP values of 11 common peaks of 24 batches of

Forsythiae Fructus

XPRERER (XD BEATEAE R, RIS R 75 R K 2tk
TaH, WA 4, ZEAGRW] 5 Akl AR VE
WE REFIEMER R

T4 HMXRERER
Table 4 Results of linear relationship investigation
2% [B] )77 72 R? 2R MYl /ug

HEHEET A Y=1250299.781 X+49 973.649 0.999 7 0.089 5~2.359 5
=N Y=5 765 136.774 X—456.373 0.999 8 0.003 1~0.086 1
R Y=1774 722292 X—2 451.882 0.999 9 0.008 4~0.275 1
A NE B Y=2 382 628.841 X+963.526 0.999 5 0.000 4~0.120 1
HERNER Y=2 585 676.866 X+491.206 0.999 8 0.000 3~0.095 9

2.6.2 FEEERLEE  EUE A (S1e) 24 h WHE M REF .

% “217 WUN B &AE, B 6 IR, idakiE
M. S ERMEET AL T . MIREE.
IR G AR RSD H, 455143718 0.35%.

0.39%- 2.22%-. 2.97%- 1.76%. WAL 2K 5 FF
RIf.

2.6.3 EEMERLG  HUS16 EMZGAEIER 6 4, 1%
HB “2.2.27 TR FATHI 4% 6 ki, 1% “2.17
T R AR RE e, THEDERIER T AL P TS

HERLE . MANRRE . ERMNR RIS AR RSD 1H, 45 %
SN 1.18%. 1.68%. 2.49%. 2.95%. 2.12%. #*
B E SV R AT .

2.6.4 FaEtEiREG B Sle ERMZGMEIR, %R
“2.1.37 T Tl A IR, 4% 2,117 TR i
FAFREREME, 33T 0. 2. 4. 8. 12, 24h iFHFE
MsE, THEEMET AL T EHIF. MR,

MR R IEHEAN RSD B, Z5HR05N 1.60%.

1.37%- 2.86%- 2.94%. 2.93%. B IEmAE

2.6.5 JIAEREISCRIALS R HEREL S16 &M
05g, PAT 32, BH3I M, #%1:08.1:1 K& 1:
1.2 B LR BN G BE, $% “2.2.27 TR J7 v &t
R 9 13, % “2.17 T F Eig &N e, THE
HERIEEE AL PTG MMIREE . R R
SR BSR4y BN 106.58% « 105.00% -

104.30%- 109.01%- 111.48%, RSD {73 N 2.16%-
1.86%-+ 2.96%- 2.74%- 2.38%, FHII7ikEA ]
171

2.6.6 FEMEENE B 24 HUEMAGMFES, %
“2.2.27 R FETATHI &AL AW 3 1, R
“2.17 WUN RS SRR E, dSR T AR, THE
FHCRFE S S MPRFI R & B, SRR S,

SRR 24 MU PRt E BRIt B S
Bl s AN R i (R ZERR 245464 5 Tl 23 1) & B AEALE
— € WL IE] 22 57, pir s 45 RIHE G A O R 2% 5 [
Mo
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Table S Determination results of contents in 24 batches of Forsythiae Fructus
s B (g g™
BT A T LR I eSS
S1 108.121 3 3.753 7 10.628 6 0.402 6 0.294 4
S2 114.8492 4.0556 119111 1.130 8 0.3433
S3 101.549 1 3.846 1 10.190 4 0.300 7 0.2101
S4 98.7273 3.749 8 10.169 0 0.3209 0.2140
S5 89.019 6 3.2262 9.568 2 0.980 6 0.3420
S6 87.623 2 3240 1 9.636 1 0.736 2 0.3334
S7 87.077 0 3.340 1 9.242 6 0.914 6 0.309 1
S8 83.623 0 3.2649 9.1110 0.8118 0.3305
S9 88.464 2 34382 9.713 2 1.013 8 0.336 8
S10 87.198 9 32775 9.818 4 0.9417 0.380 7
S11 86.112°5 3.2420 9.6257 1.0200 0.369 7
S12 87.204 1 3.3732 9.876 1 1.0855 0.3900
S13 85.306 0 32411 9.5154 0.777 6 0.3149
S14 82.3249 3.042 7 8.948 3 0.9109 0.328 8
S15 72.036 9 3.2836 7.1333 1.289 2 0.774 8
S16 63.497 7 29199 9.008 3 0.7379 0.089 3
S17 71.464 0 3.078 4 9.689 0 1.477 8 0.7779
S18 70.091 0 3.146 9 9.528 6 1.600 2 0.7712
S19 71.239 1 2.790 2 8.707 8 1.2850 0.665 3
S20 71.072 1 2.990 6 8.7270 1.412 8 0.822 6
S21 59.286 5 2.653 6 7.750 2 1.336 3 0.690 7
S22 70.403 3 2.9332 99111 1.614 6 0.8300
S23 67.563 9 3.176 7 9.1351 1.262 4 0.740 5
S24 75.360 3 3.204 4 9.3733 1.603 5 0.838 2
3 itig rEE EZEFRAR, EXR SRS S R 24 44

AHFFRATHIFELE T 50%. 70%- 100%%E A [F] 44
R E FREEVA R, 204 304 40 52 AS [FORHEE A
J% 20+ 30 40 min 55 A [F] 4 H S )0 30 0 i) 46 11
SO, AR T IR B T B
ZiM kR 1.0 g, Jin 70%H B 20 mL, 7 30 min.
52 T RFRBIAR R (Z15-0.1%F BRAKER . 4
Ji5-0.2% H R /K I %) 328 7 68 1 U 4 85 F8E ) s
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