¢ ¥ % 20234107 554% H 208 Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 20 - 6827 -

£ F HPLC s EiEME M5 T BN XS RETNH%R

IR, EIELL, LA, T@E2, WA K K'Y, ARPT
1. WHLHERZR2E %R, Wil Al 310053

2. N2 RERAGIVAERAR, Wk B 444300

3. BRI RS AY S TR, Wk BUE 445000

# E:B8 #57XZ Scrophularia ningpoensis ) HPLC fa 48U & £ oy & &€ 7% 37 SR HPLC Vg riiiL.
AL TN Z305% 9 M 116 X SIaa BN, SHATAHBUE Y, 4565389 (hierarchical cluster analysis, HCAD.
1E S8 /s — 3Rei- 305143 #t Corthogonal partial least squares-discriminant analysis, OPLS-DA) %} % STk SR AR5 2347
[FIEE % 8 MVE TR (BRI . e EREF . OERR . XE GR. BB B FRRRE . T CL BB BT EE
Mg, i EABEFIMECHE. SR #7116 X SMiRsERE, HLES 0.746~0.997, thrE 34 MLH K.
RN 116 #L X 2508 4 25, OPLS-DA /i fie s Jiis 3 MEGE N X X 2 5 k&= X X S #TIX 4 (Q2>0.5).
AR E SR UER S S BALEER, 5Bk, @ARAEHAN. 512 #UMNZXS HPLC BYEGREZHRS SES
WNERRE . W, ZE N Z S 240 17 1A 5 &R S iR 5%

XHEIR: XS fRgcEE: Sk IEIE pA A WERR s XPE G BTEEER; B FRRRE SRR C M EMRTE; b
BRG B PP: AHOCIE T

FEDHES: R286.2 XHEIREE: A XEHS: 0253 - 2670(2023)20 - 6827 - 09

DOI: 10.7501/j.issn.0253-2670.2023.20.026

Quality evaluation of Scrophularia ningpoensis based on HPLC fingerprint and
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Abstract: Objective To establish the HPLC fingerprint and multi-component content determination method of Scrophularia ningpoensis from
different origins. Methods The fingerprints of 116 S. ningpoensis samples from nine provinces, including Zhejiang, Hubei, Sichuan, Anhui,
Henan, Hunan, Shanxi, Chongging and Shandong, were established by high performance liquid chromatography (HPLC), while their similarity
was evaluated. Chemical pattern recognition of S. ningpoensis was studied by hierarchical cluster analysis (HCA) and orthogonal partial least
squares-discriminant analysis (OPLS-DA). The contents of eight active ingredients were determined and their correlation with habitat factors was
analyzed. Results  The fingerprints of 116 S. ningpoensis samples were established with similarities ranged from 0.746 to 0.997, and a total of
34 common peaks were identified. According to HCA, the samples were divided into four groups, and OPLS-DA can be used in distinguishing
three traditional production origins of S. ningpoensis from non-traditional production origins (Q? > 0.5). There were differences in the chemical
component contents of S. ningpoensis from different production origins, while the contents were correlated with altitude, latitude and longitude.
Conclusion The HPLC fingerprint combined with the simultaneous determination of multi-component content analysis method established in
this study is stable and reliable . The fingerprint combined with the chemical pattern recognition can provide a basis for the identification of
origins and quality evaluation of S. ningpoensis.
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Table1 Sample information of S. ningpoensis

P Feith ZRENY AN WIm | T FEH SN A9 Hkim
S1  wHEKE 11577 33.97 40 [s59 WAk C A 11031 30.29 1590
S2 A E 11584  34.02 37 |[s60 WAL I A 11027 30.76 1573
S3  ZILE 11593  33.76 39 |[s61 ALK 2 A 11019 3068 1078
S4 AN 11596  33.75 37 |[s62 WAL A 110.30 3085 1509
S5 apIpE 11587  33.80 35 |s63 WL e 11024 3086 949
S6 LT 11569  33.95 42 [se4 WAL R A 110.35  30.51 1445
S7  wEEET 11573  33.95 38 [s65 WAL A R T2 110.26  30.81 1636
S8  LBIHIHHE 11573  33.96 42 |S66 WAL A 110.27  30.72 1564
S9  WETHE 115.74  33.74 36 [S67 WAL A 110.23  30.66 1268
S10  ZEFhE 11572  33.86 40 [S68 AERARS 11022  31.21 412
S11  wEMRAE 11571 3391 38 [S69 WAL F A 110.32  30.63 1566
S12 2Rl 115.67  33.95 40 |S70 WA s AT 110.29  30.66 1354
S13  Z#mE & 11576  33.93 42 |s71 WL T KA 110.26  30.70 1514
S14  LEE 11569  33.71 36 [S72 WrE k%2 1 109.68  29.54 1074
S15  ZEEAE 11582  33.70 39 |[s73 WrEK%2 2 109.68  29.54 1074
S16  LRURIE 11597  33.90 37 [S74 WiFE K% % 3 109.68  29.54 1074
S17 LA 116.06  33.79 31 |S75 WEK%S 4 109.68 2954 1074
S18  Z#k A 11591  33.74 36 |[S76 W K%2 5 109.68  29.54 1074
S19 RS 11564  33.97 43 |S77 WMFR%2 6 109.68  29.54 1074
S20  wEEH 115.65  33.96 39 [S78 WM R%e 7 109.68  29.54 1074
S21  wEIRER 11587  33.81 40 |S79 NG 109.68  29.54 1074
S22 ZEUNRIE 11566  33.96 39 [s80 e G H R 4 1 109.27  32.88 254
S23 YT 115.72  33.73 36 [sS81 Bt 7 VR AR 2 109.27  32.88 254
S24  ZEEK/NE 11593 3351 32 |s82 e 7L H R 4 3 109.27  32.88 254
S25 ZHETNET 11579  33.96 39 |s83 e 7 H VR4 4 109.27  32.88 254
S26  wHT)E 11571  33.68 38 [S84 B PG HRE 5 109.27  32.88 254
S27  wECAE 11582  33.88 38 |[s85 e Pt A R DGR 1 109.56  32.65 760
S28  ZRXIE R 11592 3393 37 |s86 o PG AR AR O 2 109.56  32.65 760
S29  LRLHN A 11569  33.84 36 |[S87 e U AR OCHE 3 109.56  32.65 760
S30 HHUNERE 11573  33.83 35 [s88 B PU AR OCHE 4 10956  32.65 760
S31 X 11645  33.01 24 |S89 i P4 A % < 48 5 109.56  32.65 760
S32  ZHURMT 115.61  33.99 42 1S90 o 7t A % O £ 6 109.56  32.65 760
S33  wHE A 116.04  33.78 37 [s91 I 7P 6 e L 7 10956  32.65 760
S34 g ANRE 11549  33.97 43 S92 e L AR OCHE 8 109.56  32.65 760
S35  ilEg K EAY 11549 3397 43 |S93 Y138 DA 103.79  31.78 1200
S36  Ji[FE L 11556  33.97 45 594 01| R A 102.76  30.39 1350
S37  HE 5 A 11554  34.01 44 |S95 0T 5k 103.02  30.05 749
S38 R 11554  33.98 40 [S96 VY )1 55 102.68  30.46 1351
S39  Ji[FE R 115.15  33.88 42 |S97 VY1 AL 1 102.72  30.44 1400
S40 [ RE I 115.55 34.01 44 |S98 DO 1| A 2 102.72 30.44 1400
S41  JAEg kA 11541  33.82 43 S99 WILE A 120.62  28.99 425
S42 g ANE R 115.63  34.05 42 [S100 WAL AR 120.62  29.00 450
S43 A Eg AU 115.44  33.93 46 [S101 AN 1Y ] 120.62  28.98 515
S44 ARG ERE 11562  34.04 45 [S102 N RAR =Y o) 120.62  29.00 410
S45  Jul FE AR AT I 11408  32.68 86 [S103 WL A8 P o 0% )5 ] 12046  29.06 460
S46 M EEEESE 11550  33.75 38 [S104 WL b 57 5% )5 ] 120.62  28.98 415
SA7 A EE AT ZEAE 11559  34.04 42 [S105 WAL 25 R R 12058  29.01 660
S48 VMR AYE 1 113.02 33.26 153 [S106 ERKE KX 1 107.11 29.16 592
S49  Ju[FE Ty 2 113.02  33.26 153 [S107 R )IIX 2 107.11 29.16 592
S50  J[FE AT 3 113.02  33.26 153 [S108 R )IX 3 107.11 29.16 592
S51  J[Fd AT 4 113.02  33.26 153 [S109 HERM)IX 4 107.11 29.16 592
S52  Ju[FE b 5 113.02  33.26 153 [S110 HK)IIX 5 107.11 29.16 592
S53 VMR 6 113.02  33.26 153 [S111 R )IX 6 107.11 29.16 592
S54  AEE Y T 113.02  33.26 153 |[S112 B )IX 7 107.11 29.16 592
S55 WAL E AT 110.27  30.85 1438 [S113 HRE)IX 8 107.11  29.16 592
S56 WAL E TN 110.27  30.78 1555 [S114 ITARIEIIX 1 118.28  36.83 59
S57 ALK LAY 110.37 3041 1321 [S115 I AKX 2 11828  36.83 59
S58 AL\ S| EERT 110.32 3050 1409 [S116 AKX 3 11828  36.83 59
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Fig. 1 HPLC fingerprints of 116 S. ningpoensis samples
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5-aucubin 6-harpagide 12-caffeicacid 16-p-coumaric acid 18-ferulicacid 19-cimicifugate like glycoside 21-angoroside C  32-habagoside
2 RAMBREIER (A) MZSAMIRIELEE (B)

Fig. 2 Chromatogram of mixed reference substances (A) and reference fingerprints of S. ningpoensis (B)
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2.2 WEENXIRB S

NAZE, N SPSS 25.0 ®At, LA RRECER BN

221 HCA UDdr4EiGH 34 NILAMERIEmAR  XIE, RAHBEBKEEETRELE ST, SR IE 3.
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Table 2 Similarity for HPLC fingerprints of 116 S. ningpoensis samples
s AU | w5 AIRME | s AHRUE | HS AERUE | HS MRUE | W5 AIRUE
S1 0.915 S21 0.993 S41 0.909 S61 0.995 S81 0.984 S101 0.984
S2 0.942 S22 0.978 S42 0.91 S62 0.984 S82 0.957 S102 0.979
S3 0.936 S23 0.901 S43 0.958 S63 0.991 S83 0.992 S103 0.983
S4 0.817 S24 0.989 S44 0.924 S64 0.987 S84 0.949 S104 0.942
S5 0.992 S25 0.992 S45 0.964 S65 0.984 S85 0.986 S105 0.986
S6 0.961 S26 0.983 S46 0.953 S66 0.989 S86 0.968 S106 0.966
S7 0.932 S27 0.982 S47 0.993 S67 0.987 S87 0.986 S107 0.966
S8 0.975 S28 0.974 S48 0.826 S68 0.985 S88 0.984 S108 0.946
S9 0.861 S29 0.927 S49 0.758 S69 0.995 S89 0.966 S109 0.987
S10 0.991 S30 0.973 S50 0.794 S70 0.978 S90 0.929 S110 0.969
S11 0.988 S31 0.959 S51 0.954 S71 0.989 S91 0.992 S111 0.968
S12 0.984 S32 0.849 S52 0.951 S72 0.979 S92 0.99 S112 0.989
S13 0.897 S33 0.978 S53 0.746 S73 0.991 S93 0.989 S113 0.981
S14 0.981 S34 0.968 S54 0.95 S74 0.96 S94 0.983 S114 0.986
S15 0.984 S35 0.802 S55 0.988 S75 0.984 S95 0.966 S115 0.983
S16 0.981 S36 0.874 S56 0.992 S76 0.954 S96 0.994 S116 0.935
S17 0.974 S37 0.956 S57 0.977 S77 0.953 S97 0.939
S18 0.909 S38 0.835 S58 0.99 S78 0.902 S98 0.959
S19 0.957 S39 0.91 S59 0.982 S79 0.966 S99 0.967
S20 0.982 S40 0.884 S60 0.997 S80 0.973 S100 0.963
. i o . s 116 #t X S 0] LA 4y 42K, IR A5 S1~S28.,S30~
s [ : ' : ‘ S83. S85~S94. S99~S116, IZEfUHK S95. S98.
l S29, NMIZREHE S96. S97, IVRALFE S84, #5HRFE
= 4‘ B, SR P= 3 %X 20 0 AR A — e M 2 ek, B
S ' VORI R P BN Pe b, AR X S BE —
4= FERAEALE
2 | 222 OPLS-DA Wilt—BAMWriT. Wik, Uil
St ‘ fE G = o 5 A =t X 2 1) 22 bR £, DL 116
S113 N . . =
W AL ZSHESR AR SUEIE ) 34 AN AT I TH A A AR &,
S H FZH] SIMCA 14.1 ¥ fFiE17 OPLS-DA J3#fr, o
EN OPLS-DA 7!, ZH%i7 R2,=0.796, Q?*=0.576, 3
= | KT 05, RBMRERSE, 7THTXS&50E
S49 o [N o, =]
Se | P S AR R ) b (B 4D, SE AT E R B
S1
stot | #5218 (variable importance for the projection, VIP),
S83 T N N — N T
S0 ! u DL VIP>1 fik 2 sy, 45 ILE 5, FRidH 5
S18
o by RECKHIRRSY, 40 A0 32 (R ELRHE). 165 CBk
s13 . |
o I W 18 (BTRRRRD. e 6 (RSELE). i 19
= | CRIMFHBRED U 1, 0§ 21 (M5 C). U 4,
. U 2, W 8, LA s n I 2 S 1) E AR SR
= . . .
= WOtk A% BE M RIE R
A, 2.3 ATEFHMZESZM 8 MR 7T&ENE

3 116 HXSHMRERKE ((NE RIS =ith)
Fig. 3 Clustering tree of 116 S. ningpoensis samples (only
showed partial origins)
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Fig. 4 Scatter diagram of OPLS-DA of S. ningpoensis from
different origins

VIP[3+10+0]

R VROE R, 0 o ) PR R R P [ R 2 11 5
BRI, R “2.0.37 TN il SR, B
of A AR IR B AR AA B (X, VETHIR A AR
() TR, DMEEEIN 10 01 TR IR
(LOQ), f5Melt Ay 3 1 1 iHERMIIR (LOD), Z55RE
A A FEIR B P N R MG R R AT, AR 3.

2.3.3 FEEEALE REmBE “2.1.27 TURNREN
RSV, 152,137 T R (il SR A IE S ERE 6 IR,
TSR UETIAR, THE R S RE B R
WE G PTELRR . KRR AR CL 1A
LA () 8% i W T AR ) RSD {EL 2373 0.66%
0.53%. 0.21%- 0.19%. 0.33%. 0.36%. 0.16%. 0.22%,
R ZAIANE B BT

Var ID (Primary)

5 116 #tZ% 34 MLHIETE OPLS-DA 5B FE) VIP (B
Fig. 5 VIP values of 34 common peaks of 116 S. ningpoensis samples in OPLS-DA model

®3 EMXRER

Table 3 Linear relation investigation

By = A A F2 r2 LPETEE/(mgmLY)  LOQ/(mgmL™Y)  LOD/(mg mL™
S E Y=1 898 406.03 X—38 560.00 0.999 9 0.064 3~2.06 0.043 6 0.0131
ol RS Y=3 236 228.24 X—55 303.66 0.999 9 0.048 7~1.56 0.046 6 0.0139
W R R Y=32 488,045.72 X—170 060.71 0.999 7 0.004 6~0.59 0.003 6 0.0011
X7 TR Y=56 082 577.91 X—154 856.72 0.999 9 0.002 3~0.59 0.0015 0.000 4
R BRI Y =230 009 457.55 X—153 286.33 0.999 7 0.004 3~0.59 0.003 6 0.0011
e SINies Y=10 413 908.49 X—46 313.82 0.999 9 0.009 2~0.59 0.004 9 0.001 4
GRS C Y =6 849 260.46 X—48 069.21 0.999 7 0.010 4~0.59 0.006 9 0.0020
W R Y=23 645 778.75 X+4 109.30 0.999 9 0.001 7~0.90 0.001 4 0.000 4

234 Rl MERIX SR (S105),

IR “2.1.17 TUR 7 & AR s, 43 e ]
%J5 0. 2. 4. 8. 12, 24h#% “2.1.3”7 Wi F it
PERERESS M, ESRVEEIAR, THERRH I, e
T R . XA SRR FTERER . R AR %
st Cy ma AR IE T AR K RSD E 735l 8
0.96%. 0.31%. 0.63%. 0.90%. 0.30%. 1.71%. 0.57%.
0.65%, IR SIAWR 24 h WA ETE R I

235 HEEMRAE HEHRNZX SN (S105) 6
3, ¥ HR“2.1.1 750N 77 v A4 A v $542.1.37

TN € 2 A RE AT, E SRV TEAR, TSRk B
. PEEREE. RS, XA SRR, FBERR. KM
FHRRF . A IS Co M AR 5 243 B0 RSD
235124 0.81%. 0.24%. 1.30%. 1.43%. 1.40%.
1.63%. 0.66%-. 0.64%, FIHZJTiEEE MR,

236 IiFEREERE RERRNCHMTENZXS
FERL 6 43, & 0.259, MM SFEG & A1)
PO IMEIF . PA . WIHERR. STETER. BTEERR.
HMTHRRFE . AT C M B IR AT, %
“2.117 TRkl ARSI, % “2.037 TR
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R FAFERE AT, THE S B BRI R, 453
PO . MAEETFE. UHERR . XA TR, FEERR

TR ISR Cy W R RO IRE IR 2
W74 99.79%. 101.20%. 99.22%. 100.96%. 98.74%.
99.69%. 101.02%. 97.97%, RSD {&4r5HN 2.32%.

1.63%. 2.52%. 4.04%. 2.72%. 2.99%. 1.92%. 0.99%.
237 FESGE  KESEFREL 116 X SEEN, %
“2.1.17 TR JES AN IS, % “2.1.37 TR

AL SRR T, ICSRIETIAR, T 8 Fiib2Eak
SAEFE PR, PATESR 3k, WK 6.
80
70
— 60 I I
® 50 I I
£ 4 | | 'I !
= a0 |II|I ||| (A
. \
10 Al
il

AN[F =) 8 AN 1) A B DA R B i B
BB REZER (P<0.01), BEH-IHIITE .

WS ELER . WMHERR . X E ER . FEEER . SRR
IS C M B LG R g R S
IS 4308 24.905. 9.500. 0.199. 0.054.

0.527. 1.199. 4.392. 3.409. 12.908 mg/g, Frf /"
% S B 5 E AR S =R 5.016~23.330
mo/g, HIFFE (hEZ ) 2020 G E S ELEF
iy ERT S EAMET 0.45%00 5 EhsdE. WAL X
S 8 N R BB S, WX ZIRZ .

| I |I “I“N

PRSI W RS W OnHER A ER WRTAEER R TR RS I I AR

El6 ATR~tiEZS#4Mh 8 MiEERS S ENE

Fig. 6 Contents of eight active ingredients in S. ningpoensis samples from different origins

24 HERFHEXMEDHR

XA [R] 72 1 B A 2508 o 7 e S AR SR R TRk
1T Pearson FHCTE T, 25 MR 4. BRI
FIBRRR . gt C SR EMEE MK (P<
0.01), MEHF SR 2 EE EME (P<0.05);

R I FH IR gk AR fR 56 (P<<0.01).
OINHERR 5 22 B S AR R IEAE DG (P<<0.01); #ki- 3 Es
. BIEEIR 548 SRR E FAHDE (P<<0.01). Bk
FR Rt RRE S 4 2R IEAE S (P<<0.01);
B[ BRR 55 46 P S A 3 A OC (P<<0.01).

R4 ZEPIMEMRS SEERFHELMEST

Table 4 Correlation analysis between eight active ingredients content in S. ningpoensis and habitat factors

R R
B s mEE R AEOR BRR KR SR g M
G TEER O PHER R TR 2 AT C RERT At % S4E R
et 3 1.000
h B 0679  1.000
W -0.135  -0.227"  1.000
MNEDR -0.051  -0.104 0.357"  1.000
T 3 0514™ 0247  -0.165 0.342™  1.000
R THRRH -0.366™ -0433"  0375" 0120  -0.267"  1.000
ZIIEE C 0498™ 0207  0205°  0370™  0540% -0.137 1.000
e 0002  -0.261" 0473 0168  -0.004 0260 0497  1.000
HEFHBEMT 0682 0868™ 0016  -0.018 0.246™ -0301"  0553™ 0252  1.000
% -0.335"  -0.100 0.259™ 0038  -0401™ 0031  -0.179 0070  -0.064  1.000
HE -0.123  -0.077 0296™ 0175  -0.409™  0.326™ -0.165 0085  -0.033  0476™  1.000
R 0490% 0203 -0.283" —0.046 0608~  -0.248"  0.276™ -0.165 0119  -0.663" -0.711" 1.000

TRINE P<0.05 K GIUND  EREM; RN P<0.01 K G AR E AN

“Denotes significant correlation at level of P < 0.05 (bilateral); ™

Denotes significant correlation at level of P < 0.01 (bilateral)
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48 SRR W S AR PR ISR A kAR S L (300 W, 40
kHz), 50%HEE, kLA 1120, @it HPLC 4
WA AR, HET R, EKY)
# (0~19 min, 210 nm; 19~44 min, 280 nm) [
KA TR AL, i) B ERT, AT
BTG RSO R, SREUCTE 2 R (a5
Retg BON AT AT X S a5 B
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MEH 116 HLXSFEm, ([EIFERA M. R
P£. OPLS-DA £ B RWiT. Widk. DUl 3 ME4
T 55 A= HRE o] LR 23 . VIP i
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H 0% 2 2 00 5 42 i B 90 5 150 B0 0 Tk s
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TERLZ OBk IR L i 2 L WS . X SR
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FRPRIE R oY 2 ST SRR, 0T RN E A 2544
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W SR GV XS M i &
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LRz, TPHEIER T XSRS A R . AR
AL XS 8 MR E RS AT T IR
Présit, mlONBUREE S N HARE R s S 2 X S
Al FE AR EE AN R RS N TR IS
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