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Quality Evaluation of Forsythiae Fructus Based on Combinative Method of Fingerprint, Pattern
Recognition and Quantitative Analysis of Multi-components by Single Marker

YANG Bin', ZHAO Jun!, LIU Fang'", ZHANG Qian', YANG Lei', HE Huakang', WU Yong?, FENG Li’
(1.Changzhi Medical College, Changzhi 046000, China; 2.Shandong Fupai Ejiao Co., Ltd., Jinan 250100, China,; 3.Changzhi
Administration for Market Regulation, Changzhi 046000, China)

ABSTRACT: OBJECTIVE To establish the fingerprint of Forsythiae Fructus and conduct a systemic and comprehensive
quality evaluation using pattern recognition and quantitative analysis of multi-components by single marker(QAMS).
METHODS Ten batches of Forsythiae Fructus were determined by HPLC and a common mode of fingerprint was established.
The similarities between fingerprints of 10 batches samples and common mode were evaluated. The further qualitative analysis
of the drug was carried out by similarity evaluation, cluster analysis(CA), principal component analysis(PCA). QAMS was
performed. Forsythin was selected as internal reference and the relative correction factors(RCF) of forsythiaside A,
(+)pinoresinol-f-D-glucoside and phillygenin to it were calculated. At the same time, the content of 4 components in 10 batches
of forsythia was measured by external standard method, and the difference between the calculated value and the measured value
was compared to verify the accuracy of QAMS. RESULTS There were 13 common peaks in fingerprints of 10 batches of
Forsythiae Fructus, four of which were identified. The similarities of fingerprints were >0.98. The batches of the drug were
divided into 3 categories by CA and PCA. The established RCF had a good reproducibility. The correlation coefficients between
the content values calculated using the correction factors and the measured values were all >0.99, and the relative errors were all
<3%. CONCLUSION The developed method is accurate, simple and feasible. The quality of Forsythiae Fructus could be
evaluated qualitatively and quantitatively using a fingerprint combined with pattern recognition technique and QAMS technique.
Moreover, it will also lay a solid scientific basis for the further quality control of Forsythiae Fructus.

KEYWORDS: Forsythiae Fructus; fingerprint; pattern recognition; quantitative analysis of multi-components by single
marker(QAMS); cluster analysis(CA); principal component analysis(PCA)
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K TERME. WEERERS, RAFEIHE.
TH Ik B ORI DA, RO I K L7
DRI, S8 R A AT I B . XU IR R
TR AR v ) A P v 24 R ) 2 ROk

HH 2] 1 5 B L R ) IR I DR R Bt VR TR
R, BRAEGIPARRE, £ORUEH EIGRIT 3
T, Har, faguESER O7E 2 E
SRR RN BT, B R 7 o SRR 2
W22 A5 BAREE, TRk 24 2 0 ROk RN
PERCr AT SRR AE, BB, SmEMERR
Gt iR S (R FR S S A I ARR AT 4
TEZD, MELAULIE, X B0 R A A DL
7o 5 FH T sebr e re A O, Rk, 72 FR S0 B 7T
e B AR A AT E 0T, KR
K 1% 5 — I 2 P ¥ (multi-components by single
marker, QAMS)HH 45 & T A H 24 it & 3% il (1
A0 FE— e R FIRAN TR SRS A E

AR A HPLC, #AZAE 7 H 10 #L0E
MM e sUE R, R AU VRN . R
CA) . & B 4+ 4> #T (principal
componentanalysis, PCA)X} 10 #tGEM 2544 3H17
ZEEVENY . R QAMS X HARFEMER 4 ML
S DERMBE T AL (DAL REE-p-D- ik i 7 45 b
OB ERMERRAT S ENE, MH MR
PSR PRI AT AT PEEAT IR, AT . B
{RER P 328 00 o1 B F fEARHE
1 UE5MR

Agilent 1260 Infinity /= 8GHAH L5 Agilent
ZORBAX Eclipse XDB-Cis (4.6 mmx250 mm,
5 um)¥I5K H 3£ [ Agilent; LC-20AT B¢ =y i AH €
WA AUW220D -+ /550 2 — B RFk H
H A & Diamonsil Cis #(4.6 mmx250 mm,
5um, dbntl BREARAR); KQ A BIEE
(BRI EAENERA R AR, DI 250 W, HiE
40 KHz); 245 3k 55 S0 S AR B PP 2 458(2012
R 24 R 51 4%).

HEME . EMET A RS S
KAO0806CA14, HNI116XA13, k& & H)¥)
kB EEAAEREARA R (DA EEE-B-D-
WL AT ORE . R IR R O IO (S
MUST-17011707, PS170606-04, & & il & 1)
Bk B S 2 R E MR IR AR (%

(clusteranalysis ,

Fp [ BN 26524 2020 4E 2 55 37 55 3 )

ali, FRERMEAF); BEAK, HARFI A Hrat.
MM A KB EF A Y RAEL FE=E

XI5 R 45 4 8 R R BMEY E R F suspense

(Thunb.) Vahl fJFE 58, #FaEEILE 1.

Rz OEAMAMER
Tab.1 Samples of Forsythiae Fructus

B SRAEH SRR i) TR

S1 L PE R, 2018.07 BEFEL, WT
S2 1L 7 P i 2018.07 HEFEO, BT
S3 L7 2 AL 2018.08 BEFEL, WT
S4 B 75 111 2018.07 BEBEL, BT
S5 AL 2018.08 HEBL, BT
S6 B VE 7% 1 2018.07 AEFEL, WT
S7 T 254 2 ) 2014.09 KA

S8 B VL 7 7% 2 2018.07 AEFEL, WT
S9 B PG 7 i 3 2018.07 REBL, BT
S10 B E RS i 4 2018.07 AEFHEL, BT

2 FES%R
2.1 @i

3% F . ZORBAX Eclipse XDB-Cis
(4.6 mmx250 mm, 5 pm). GBI ZHE(A)-7K
(B), BAEFEVEME, 0~5 min, 3%—>5%A; 5~15 min,
5%—>10%A; 15~20 min, 10%— 14%A; 20~35 min,
14%—17%A; 35~45min, 17%—>24%A; 45~50 min,
24%—28%A; 50~60 min, 28%—>60%A. W% A
I mL-min~', A& 30 C, # MK N 235 nm.
2.2 K HE SV TR P %

R R EUE R 2 IR E R T 10 mL &)
H, o0 70% R R R R R 2R, R EIR
90260 mg-mL~", 1EAEMEE RS 590
F R BUE B TR A ()R T - B-D- M T 7 25
T R 0T R ORE TR 1 mL R R
it 8T 10 mL &R, 0 70% H BV i T M R
BRI, HIREIRE /8 1.800, 0.430, 0.200,
0.026 mg-mL~", BIfSIEA XIS VETR, BEB(RIE
RAF .

2.3 VAR

BUERIZG M ARG 40 HF, THREER)Z
023 g, fE%ME, BREMHBMS, M 70%H H
B 25 mL, FREEE, AR 2h )5, BAEHE
B30 min, #MEKRE, $E5), 0.45 pm FALIERS
I8, WMBIEmEH .
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24 JIEEEE

2.4.1  ZRYERIVER] 43 W HUR A BRSO 2,
4, 6, 8, 10, 12 pL, % “2.17 LU EHE %A
SE W TR R, A0 T AR () S5 3 A i () R AT 4 M [
H. g5 IE 2.

w2 EAE 4 EAL RN E T (n=6)

Tab. 2 Results of linear relationships for four components
in Forsythiae Fructus(n=6)

MIOE et/ il e

of B ENEpEE .
" - A ug  Miing Fing
HMEETE A Y=913.28X-449.57 0.9998 3.6~21.6 6.6 20.7
() A2 i % -B-D-
e Y=1185.66X-95.58 0.9998 0.86~5.16 52 18.1

hE e ] 22 4
s iNes Y=1 669.64X-85.34 0.9997 0.4~24 7.6 250
R Y=3 767.86X-26.67 0.999 7 0.052~0.312 9.1 27.9

242 UESKHEEERL R A AR — g
(S6) 20 uL, % “2.17 i K il st it 7
s M E S 2H 5y T AME, TR R AL
(O NERE-B-D-ME R Z R . R . &R
VT ALY RSD 435N 2.14%, 1.45%, 2.15%,
1.42%; DLEH (g 2 Mg, TR S A
Hp 5 A 0 (10 FE R CR B B () ROAF X I TR AR, &5 IR
5 AT UG [ RO OR B B[R] (1) RSD<1.0%, #53E47 14
(KRR I TR AR ) RSD<2.0%, HHLE19>0.99, £
ARG EIE M HEARZR, RO 2 E R I .

243 fREMRE 40 TH&E 0, 2, 4,6, 8,
10, 24 h A2 X R] — A5 7 M (S6) 20 pL, 1%
“2.17 TR G AT IS B AL (DA EEE
-B-D-ML IR & HE T . R S 2R 04 AR
K] RSD 4358 2.56%, 1.56%, 2.03%, 1.22%;
DLE R il i o S 0, 1T 4R SR b &% 3t
A6 UG P AR S FR B S () RNAF S D T B, &6 IR A% 3R
g A XoF £ B IS 1] B RSD<1.0%, 4% A5 WG A Xof g T
) RSD<2.0%, AHLLEE>0.99, & Fa 4B
AR ER, RIPZAGA B WRTE 24 h WEUE .

244 HEEMHIRK  BCFE — & 8 2 (S6)
023 g, 3L 50, KEMRE, #% “2.37 T J7iEH
BRI, 1% “2.17 TUT ik S pE A5 E
B A (H)FA B EE-B-D-NE IR A & BB . .
G R 1Y R 2 EUN 6.04%, 0.68%, 0.56%,
0.084 8%, RSD 4344 0.43%, 1.32%, 1.68%,
0.75%. VAR (kg n 2 g, TR aE g
rf1 5 A U ()RR PR B3 I () FAF S U T AR, 25 IR
B FEAT U A S BE B IRD ) RSD<0.4%, % 3L 1A

-294 . Chin J Mod Appl Pharm, 2020 February, Vol.37 No.3

XTUETHI AR I RSD<2.0%, AHALEE>0.99, FF& TR
SUENE AR ER, R\ HTEEI R,
245 InFEREICRIRLE  BUERMZH(S6) 6 1, B
Wr2)0.115 g, KEEERE, 5 A% 0N R H
A 2251 mg-mL~' (+)Fa i B -B-D- ik e i 47 B
0.223 mg-mL~'\ JERMEF 0.211 mg-mL~'. ZEMEE &R
0.029 mg-mL-IRA X HEASIEM 3 mL, #% “2.17
TN % AR e, Rt EInAE . MifgE
FUEETE A ()P G % - B-D-NH e 78] 2 A EF 3
2 500 e 2 1m0 100.07%,  100.23%,
99.80%, 100.11%, RSD 454 1.05%, 0.53%,
1.40%, 1.67%, FRUZIEIRENE RIT.

2.5 fRGUEIE

251 fRGENREIABEAESL R 10 HhoER
ZiMtx “2.37 WUR 7 iEG AR AL, DO R
VR, At “217 TEREAFRTIE . B
TR L 1.

5 10(S
A (S)
6
L
o 100 T 200 T30 T 40 T 500 T 60
t/min
B
10(S)
1
6 11 13
2 ;3 4 729 12
0 10 20 30 40 50 60
t/min

E1 BexEEA)MERELB)HEEHE

S—ERMBRTT As 6—(HIAREE-B-D-MEME AT 10-E0Tr; 13-
NS

Fig.1 Spectrogram of reference substances(A) and sample (B)
S5—forsythiaside A; 6—(+)pinoresinol-#-D-glucoside; 10—forsythin;
13—phillygenin.

HE 10 Hh 0 2GR i I 5 £ DL ATA % 5K
IRFN (2 48 S B 1S A LEE DRI R 40
(2012 k), Gl thitkig 5 ) UCHES, FEAT ik g
AL VP o I b, B e A I 13 4,
Hxf A 4 AN EREERAT T HE. BTE 1056
WA, RN R EVE R, PRI E
H 5 AHA00 5 B B by, Wok HAR E S R,
Ha 3 A EIEE S S NEMEET A, 6 5 NN
RREE-p-D-ME G A HEFE, 13 S oNEMEER.
2.5.2 HPLC fa 8BS P i (it
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TR SRS A RUEVEAN RS M HTabEE, ARk
HEAR UG A A EI(R). LR AR X] 4R
UG, R SEUCGE I RE 5 i S B R 3 AT A 0L
R4, FIACLEE 2 30°A 0.988, 0.995, 0.996, 0.986,
0.994, 0.990, 0.984, 0.989, 0.987, 0.988. AHALL
FE T 0.984~0.996, FBH 10 k0% 245 4 AHALL B
Rif, R NKE 2.

(=)

el e
NUNNYUNYNYNUNTT
—RWRENON60 00—

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
t/min

B2 10#K&EMZAM HPLC 455 E
Fig. 2 HPLC fingerprints of 10 batches of Forsythiae
Fructus

2.6 IERFR BN B U A

2.6.1 REMr LUEMTR SURE R R 13
AW I A NS &, SR SPSS 19.0 B 1
*F-77 Eudidean BH BT REGE I, 455 WK
3. MRAE RS R, WA KB N 3 2K
S6. S8. S9. S10 i -T Bk 1) 28 i TN — K
S1~S5 RKIFEF LG Beih. b & IH R —3;
S7 B A —2K,

S8

59

S6

S10
S1

d oL
S2
o
o]

s7
3 RESMARE

Fig. 3 Dendrogram of clustering analysis

2.6.2 ERsr T il SIMCA-P11.5 i, DA
13 M ICH IR RN R, 58 R B 0 A
XE, WK 4. 10 #EMZH 73 3 96 S6. S8,
o [E AR F 24 2% 2020 4F 2 7 58 37 4558 3 ]

S9. S10 VA~ 1245 S1~S5 VHANI12; S7 VAL
K, 5ERFSIE R

4
3
2 uS7 nS4
! uS6 uS1
g 0 _-sz
-1 s9-'§§] 5 gy o3
2
-3
-4

-10 -8 -6 -4 -2 2 4 6 8 10

0
1]
B4 %8 PCA 4 AT A K

Fig. 4 PCA results of Forsythiae Fructus

2.7 QAMS i 4 Bl i & =

271 MWK IERTFRME  LOEMTNINS
Wi, B 6 AN AT TR A N R IE R £/
BCTFSME M e 'R foio MRS IE R TS A K
Suim(WexA)[(WixAs), HH A AN SETIRR, Wi
NASYRE, A AEERFNA 5 TR, W%
RrUZE oy i s, 25K 3.

£3 EAFIMAS HEBENEAREE T
Tab. 3 Relative correction factors of three components to

forsythin in Forsythiae Fructus
BEREARAR/WL AR IE T foa MXRIEE T fos ANRIERET foc

2 0.5423 0.726 2 22435
4 0.544 9 0.720 5 22559

6 0.5419 0.724 1 22340

8 0.549 4 0.7196 22573

10 0.544 6 0.714 3 22511
12 0.546 3 0.712 6 22550
BE 0.544 9 0.719 6 22495
RSD/% 0.505 8 0.738 6 0.402 5

I A-EMBRE A B-(DRJIEEE-B-D-ME M &0 CEMBRE
S—IERT
Note: A—forsythiaside A; B—(+)pinoresinol-5-D-glucoside; C—phillygenin;
S—forsythin.

272 RAER T EIESE R ERIPUR S
AVAR 20 uL, BERESM AT, AE 2 A SRER 5y B
T Agilent 1260 Infinity. Shimadzu LC-20AT 2 Ff &
RO L BE R 40 A1 Agilent ZORBAX  Eclipse
XDB-C3(4.6 mmx250 mm, 5 um). Diamonsil Cisg
(4.6 mmx250 mm, 5 pm) 2 Fft € i A X A X A G B
TN, 4558 RSD ¥1<3%, RHEAFRKEE
M R4 N B R EIE . 458 WK 4.
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R4 TEANBFREEENLEMT 3 M5 ERTH
AR IE B T

Tab. 4 Relative correction factors of three components to
forsythin determined by different instruments and columns in
Forsythiae Fructus

'ﬁ( %% ﬁx V‘E!l_ H’ fS/ A fS/ B fS/C
Agilent Cg 0.549 5 07195 22570
Agilent
Diamonsil Cjg 0.542 0 0.717 8 22445
Agilent Cg 0.543 2 0.714 4 22506
Shimadzu
Diamonsil Cyg 0.5349 0.707 5 22341
¥IE 0.542 4 0.714 8 22465
RSD/% 1.105 6 0.736 9 0.434 1

e ASEMEET As B-(DRAERE-A-D-MEMHI &R H . C-IEMMER,
S—EM

Note: A—forsythiaside A; B(+)pinoresinol-f-D-glucoside; C—phillygenin;
S—forsythin.

2.7.3  FRAH S g e fr R AR GO B I
8] (riss=triltrss T T tri 9 ARF I 873 €03 U £ B B[]
trs NS LS LR BE I [8])TE 2 F v RO i
ACRT 2 FpAS [) 284 5 i A o R B L, S5 SR LR 5.
SRR, BRI A A LR B B[R] RSD 3
<3%, AJ LLAH T4 I o € i 0 (1) 5 T

2.7.4 QAMS S5AMREME L R LLE: B 10 4k
UOEFZHE, 12 “2.37 TR J7 VM) 28 ol sl I v
e “217 WUR B HERE, 0 R F AR
(external standard method, ESM)F1 QAMS il 5& i
FUETH T 4 By & &, WK 6. Nl QAMS
AERAYE, B 2 M7 IR R 25 R R R 5001,
5 2 PhITIE IR A Ok 52 85035>0.99, 2 FhJgi2:
THHEARES G R, FUMEXTREENSEH
XP 2 FhOTIERRAS s R T AL, SRR, ARXT

R6 — ML PEEIGENRNERT 4 MRy & &

RZEE<3%, 7 QAMS TEEM A 2 Hi b5 A7) T
PP A R 2 AT AT

x5 THEANBMEEENTWwERT 3 MRy HERAT
#1482 4R B B [F]

Tab. 5 Relative retention time of three components to
forsythin determined by different instruments and columns in
Forsythiae Fructus

V& JERFY S rass B/S rers
Agilent Cyg 0.72 0.80 1.17
Agilent
Diamonsil Cig 0.71 0.79 1.17
Agilent Cjg 0.75 0.82 1.15
Shimadzu
Diamonsil Cig 0.75 0.83 1.15
B8 0.73 0.81 1.16
RSD/% 2.98 2.20 0.83

T A-ERBETY As B-(HRAREE-B-D-WENG AT COEMBRR,
ST
Note: A—forsythiaside A; B—(+)pinoresinol-5-D-glucoside; C—phillygenin;
S—forsythin.

3 g
3.0 BEHUEE AL BRI K 1 i

BT EMEREARE, SRS, FIbR
HBRRIGE. HEE T K AFEET S E H
BE-7K O BE-7KAE S HR I 77 il 4 7 R 25 4 A
T, S5 AR 0 70% B EEE N IR BT,
BEIEEE RS AR gmARRK, Hik
T 5, R PA 70% BB 75 B X 30 min /B ik
TR AR ) 4% 7

HEEET A IR T RMEY, (DA
-B-D-ML R M . R B N RUA R
KIFERLAED?, R ZE RN, 7

Tab. 6 Contents of four components by ESM and QAMS %
R A (H) A i 5 - B-D- Nt e 3 267 4 7 R
5
bk W Z VL AR ZE SRk —MEIRE MEXRE bRk —MEIRE O AXHRE

S1 09188  7.4503 74356 -0.20 13770 1356 8 -1.47 - - -

S2 1.0749  8.6974 8.688 0 -0.11 1.548 3 1.5242 -1.55 - - -

S3 1.0090  9.087 4 9.105 0 0.19 1.129 8 1.102 4 —2.43 - - -

S4 09895  7.3027 7.266 6 -0.50 1.284 6 1.260 0 -1.92 - - -

S5 08143 83423 8.3917 0.59 1.265 1 1.2478 -1.36 - - -

S6 0.5320  7.3505 7.5015 2.05 0.797 7 0.785 0 -1.59 - - -

S7 0.5643  6.0416 6.095 2 0.89 0.682 5 0.663 4 -2.80 0.084 8 0.085 4 0.71

S8 0.5341  7.2932 7.439 2 2.00 0.818 6 0.806 6 -1.47 0.109 9 0.1123 2.14

S9 0.6325 83717 8.506 0 1.60 0.9239 0.908 5 -1.66 0.107 2 0.109 3 2.02

S10  0.6464  7.6997 7.794 9 1.24 0.892 4 0.8752 -1.93 0.095 4 0.096 1 0.69
AR RE - 0.996 87 - 0.999 90 - 0.999 64 -
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WA 190~390 nm T, 3 SR b I AN TR A 0
FR A VA VR B AR D 8 A3 AT T A = 4R R
i, IFHEK 235, 277 nm AR EEEE, 45 R
R, FEPEK 235 nm AP REIE(E B AT, %
ARr W s 43 0 v e PR U TR AR K, L2 B P R 4T
IR L3R B 235 nm /E AR K .
3.2 FROUEE ST S B AT

AT IS 10 L FE i, 25T 1 3% HPLC
GO, B A E PSR . B A
WhE 7 13 MLE I, RS0 BT,
e 7 HA 4 ANEIEEr AR, e
A ()P JTEIE-B-D-ME g 6 %) B8 . IER T . M
Meze. DUEMEILA BB S, TR,
S5 7R 10 #UFE L B AHLRETE ) 0.984~0.996, %
A3 A 27 1) B AR R A AL /5, 24 R AH
XARE, AR — 8.
3.3 R BIEE A

b 2 1 2R S R b S T & 2 1 A R
gy, IR FRD T RIS A
ik FBHT W IRE-FIR T AN
TS e N S P b ooy e R
IJNECT Z AT R A R RS 2 RRd
W) 9 3 AR TR S S T T, T A RO 2 R R
(R A AR = W15 BT Z8 G PR U106 AR s ag
BRI REAR ERK 10 HEIRFEN 23 3 55
S7 AT AFIRE S, HAFRCT SE50 S B K
], 5HALFE R ZSBOR, MR —%; Se6.
S8. S9. S10 HRYE T-Bevh, I HA=H R HZE R
FHol, MTRINCHERE, A—2; SI~S5 kIE
T v, BePE. WABRRES, (HESHESRHE R
Foo, WM LA, N2 Ui ER
TER AR AE TSI S Ry & 'R
AT AN, WL ZER, XANZERKTAHEM>
A R IRy Rl BRI SRR R B
W ZE ST . FRA BT RIFE ARG 10 LR S 2N
3K, GRERESTER .
34 QAMS

BN R, (RIS R T AR BT
B, EEATE . PURTS AR EHBET A,
()FA NREE-B-D- Wt i 7] 2 W5 1 . 10 I R R
BIEAMREE, ERMEEE A fE RIS, %
FURE T X & P EE . MR EE 3 B4R 7 B, M E
e B 413 B 7 B HIER, 2R

Fp [ BN 26524 2020 4E 2 55 37 55 3 )

FIYE 7 995 75 SRR R W R ATOT . DR b 32k 5 322 0 Mg
B AL (HDFRNGEE-B-D-ME MR 8 A B 3% R A
AL 2 A PP E R 254 o AR A gy . T
BT A N R AR E PO At
FER, XA S EE, IR SCIGE 24 A
SE AR AR R HL O R L J 1 A o0 (1 3% R 9 Y
ZW), KM QAMS Mg &M A IE B AL (DA
I 5 - B-D- P i 2] 2 3 R LG A 1 & . fE T
SUEE R 10 HRFER 2N 3 K38, Kkl
Bl 4 MRS RETTEN, EMEET A
AMEEMZEP ST EREUARS, HEERTE
AN (+)Ka i - 4-D- Wk W 61 ] 9 26 5 2 2 TH)
S BB E MR FplE7E & b % s
RAEERIE], EORREARERR, AREATER.

AHtgeis il 1 SC A 45 A B aUR B . QAMS
XEEFR I VPO AT ST, AL T 10 i R
oUEE R LA, AN, ARSRIER A QAMS &
SETERA 4 BRSO RN E R TV, LIE
NAZH, EIZ SEREET A, (DisiEE
- 3-D- Wt e ] 2 7 AR I 88 i K O AE R RS I B
A Al S 2 A T I Z AL 10 HEIREGHT I
B S RENE, UL T QAMS HAT REF AT
PEAHERAYE . e tEFREUEE . AR S E &
) QAMS Mgy, fIfEPE. FaEnl fg, N
3 S B VP AT A P 24 5 3 1 AT S AR
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