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Establishment of fingerprints and spectrum-effect relationship of anti-tumor
activity of Geranium wilfordii from different places of origin
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Abstract: Objective To establish the HPLC fingerprint of Geranium wilfordii, study the spectrum-effect relationship of anti-tumor activity of
G. wilfordii and preliminarily clarify its main anti-tumor active components . Methods The similarity evaluation software of traditional Chinese
medicine chromatographic fingerprints was used to establish the HPLC fingerprints of the anti-tumor active fractions of G. wilfordii. MTT
method was used to determine the anti-tumor activity of effective parts of G. wilfordii by using human breast cancer cell MCF-7 as a model.
Multiple linear regression method was used to combine the quantitative characteristic peak area with the anti-tumor activity results of G. wilfordii
measured by MTT method to construct the anti-tumor spectrum effect relationship of G. wilfordii. Results Through the establishment of
fingerprint, 16 common peaks were picked, it is determined that peak 1 is gallic acid, peak 7 is corrilagin, peak 8 is geranium, and peak 12 is
ellagic acid. The similarity of each sample was higher than 0.732. Further analyze the differences between samples using principal component
analysis and cluster analysis, and exclude sample 30 that is farther away. The results showed that 8 of the 16 common peaks in the HPLC
fingerprint had effects on MCF-7 cells, and the spectral efficiency equation for MCF-7 was obtained. After verification by six batches of
medicinal materials, the deviation rate between the calculated value of the spectral efficiency equation and the actual value was not exceed 10%.
Conclusion The spectrum-effect equation can be used to predict the anti-breast cancer effect of G. wilfordii.
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A () Fi5 ST AR 1 F IR o0 R AT W18 B AR
W, BT R S B S R R 24 AL ROR R T
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EERAr, HOREE BN 1.

F1 30 HEBEHHHES

Table 1 Origin information of 30 batches of Geranium
wilfordii

'S P s A
S1  HhtdEfb L S16 L TAIE

S2  EHMMER S17 WL TEMR

S3  EHMEAMI S18 LTI

S4  EMHAL S19 L TIkkH

S5 EHMZHE S20 LR

S6  HIpITHEPHT S21  Jbx A

S7  EIRITASPE S22 hZ&RZE

S8 HImT-L& S23 b s

S9  HIRITHEEAHR S24  REATH
S10  HERITHEL S S25  FH &

S11 BIRITrG /R S26 kg &

S12 LT S27 i dbiEfk

S13 L ¥EIl S28  HKEILEER
S14 L TFHR Rk S29  EAHER
SI15 W T#irf S30  FHARELER L

1.2 k5

SR F R (IS 100503, iRl REE 24
BHEARAFD « BT (#'5 110831-201906)
FIE R R (IS 111623-200302) . ¥R (LS
111959-201903) . F =R (465 110832-201908)
V) A 2 RS e B AL, T R B3 = 98%
NFLIRE SRk MCF-7 e # BRI T 24524
FEARLRFT . RPMI1640 1: 7530 H 3 EH Gibeo A A5
HEER G R EEal, HAmRF o Hrat.
1.3 {425

WELLSCAN MK 3 #EgFRr{¢ (3£ [E Bio-Rad 2

A , Agilent1260 m=RUHAHERE, KQ3200 ZYiEH
FEEES (RILiEAEGERARARD , CP225D
B R (ff[E Sartorius AF])D
2 &
2.1 FEE HPLC N EEMNEL
211 ISR S RERT R TIR.
MRS, B RN CR A R, 2T 44
50 mL &, 2 HPEEER . S &K
BT MR ZE R AL 232, 120,
50 150 pg/mL [P FR—XF IR SR . PR 25 2 L
WETIR. FTHER R 285 2 AL IO I
WS 1 mL & 10 mL 2, HAFECE,
BCE B TR 23.2 pg/mL. F] LR 5T 12 pg/mL.
LR S pg/mL FEEAERR 15 pg/mL [1)VR G X HE
i VR o
212 HEEMEEH S WRIDCEEELA 1 g, K
BIRE, WRE, A 18 mL 70% P4 B 75 2B 60
min, JEIT, EMRREIRATFIRE , I8 R 2
IARREEL 40 C, W4 E 10 mL &ifEF, HAF
BEE, PEA), i 0.45 pm BRALUERE, 75405
W, &
2.1.3 @ilk%F ik Agilent XDB-Cig (250
mmX4.6 mm, 5pum) , JishHH LR 2, R EXA
0.8 mL/min, %K 278 nm, HEFEAFT 2 L.
214 KR BZBEAES (SD &EE, %
MR “2.1.27 TUR 7 i & R VE W, % “2.1.37
TN il 2R IE S RE 6 I, BEIES N “Ht
TESRSUEIEAUZ PEAN 258 (2004A RO 7, 153
5 EREFIARUE R T 0.92, 15 16 N FEILAHIE
FHX R B B[] RSD<2%, UEHAR RSD<2%, TF4&
FRo B IR .
#2 REEMNBERRER
Table 2 Gradient eluted program of mobile phase

PR E/min 4% HEE%  0.3% HiPOy/%

0 0 5 95

5 3 2 95
10 8 1 91
35 10 1 89
45 14 0 86
65 15 0 85
80 16 14 70
90 17 26 57
95 17 26 57
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215 FEMRE BDCEBERS SD &R, #
M “2.1.27 TR B SIS, 20 A0 04 4.
8. 12, 24 h, % “2.1.3”7 Wit i & FdkaTieE,
TR EHE 5N 25 (il e SRS AU VRN R
4t (2004A HRO 7, 33055 B A B 25K
0.93, 5 16 A EZILA WO B I [A] RSD<
2%, UM RSD<2%, fF&TE8iBEgMZER.
216 HEEMRE HCEEERES (S &E&E, #%
MR “2.1.27 BUR N EPATHIMS 6 Al s, 1%
“2.1.37 WA AT G, HEARE A g
TR SR EA U Y RSE (2004A FRD 7, 153
& B AU ST 0.91, 115 16 DR EILAIE
AR B I 7] RSD<<2%, W& RSD<2%, 144
ROl R .

217 ZEFFIRGENEAME R
MV, A IENTRAR A, HERR “2.1.37 i
WA . R KM R A
PR SR RE AU P RS (2004A fRD 7 HEATAR
SR, G T 2B R GUERE IA B0, B
T ] B 5 24 S A E B T e S AL R 2 S R 2
SRR, 0 R B (1) 2 7 VN P S8 B

2.2 FBEEMERYNE

2.2.1 FERIEWHE AR EFESBIRE)E,
WAL BERR B IE T EEAEE. 20 SRR
FEMER, ] 80 L DMSO Atk 25 /L (IEHK,
F RPMI-1640 £5 7273 5I# R A% 0.5+ 5+ 50+ 100+
250~ 500 mg/L ¥R, #%H . BHME 245258 2 e
RPMI-1640 575 RERL 0.014 0.1. 1. 10+ 100 mg/L
pEaRT L

222 ZE;IE MCF-7 S 10%06 4 ik
) RPMI-1640 £5FEWAE 37 C. 5% CO, ¥5F%6+
7w, BOSEUE K HI4n i T sE 5 .

2.2.3 MTT JENE & FF S FIPTMOREPE KX 2
A K T 4 AT i R R R A S BE A RO B D 1 X 10
AN/mL YRR, 1% 1000 N/FLEEFT 96 LR,
FEFLIN 100 plo IR H AN B AN R FE 254 S AH R i
FRT R T s 72 5L, REAL AN 100 uL (DMSO £k
E<0.5%) , B4 ANFIEH, BHK 6 PAT
fL, BT 37 CYkLLEIE 120 G, L,
FLAN 100 pL HrEFELHI )& 0.5 mg/mL MTT #)JC I
TERTIRIAE, ORI 4h, 3 _LIEWL BLIN 200 uL
DMSO ¥#fit MTT H& U, HMAIRG sk 7R
5], ABFRXAES P K 490 nm, FPK 570 nm

TR MERCE (4D 18, LLETIX AL H ) i
AT AN A2, FH A 2t B 2 ke e 4 e F
HilZ o FEIE RO R BRI (ICs) -
$U0s 2 = R R 2T 14) A — 4 25 4HF 38 A () R 4T
Y148
224 47k iaH SPSS 15.0 for windows 4T
IS br, BERHAH x+sFor, ARLECRAH
i T
23 ZEBEMMEL-SXRARR
231 B EETEHIMEIL-MOCR TR O HPLC
R 52 TS S T A I E AR, B Rl A A U4
e MFEIHEIEEER (O NS K FaTH
FARILLAE (X=i VR IAYE/ WP mAED , LM
BRI A S RIS DA IR
NBEARE, MEAHRE SR ARA E, (ER R
SPSS 21.0, KA JEIBVEFE L HEBO R
232 EVEZEEHMRIE- MR RBIAETE N
WEA RS 7 RE & 3, 4 HPLC VRN 5 06 50805
B TAR, AR E A R, AR
HEAT IR AR,
3 ER59%
3.1 EEE HPLC 158 ELE ST
311 FABUEVEY 30 DNZEEREAT ATA K%
I EIE SN (P2 i e SO AR RE AR
ARG (2004A) ) A, PLEMRIEAZGH (ST
ERNZIRERE, 2 S IEA R RS (R) , i
S FE SR S0 EINE 5 A e s R P R ARAULRE A
LLEAE 0.589~0.976, KA ER &, =
BT, AR A R A, A
FURE S S0 IR S S ROR, AR E R B
K Ea ARl P S s W ey S I o5y R
RNt — S ke fa 2R, DMERAREE T
AL 2 B R M bR HEFR SR
3.1.2 FERH4r#HT (principal components analysis,
PCA) HEBHERAZY FRSLEFE S HME
TEEHE, JE I TR R AT R 4 S AR
I i) 0 € T AR 9 B (A5 6, DA OR B B
()7 6, IR A TR AR PRI AR (LA R B R, T
J 30 ANFEA B 1 R X BOE AR PEHEAT PCA $55.
LR PCA WP E A 1, 456 Ik
W FEREBIZE AT, 30 S AESAAIAT 3 R o3 IR AH O 2
HIRMG, BT 5 4 Rk r. AT W 30 SRE N S5 LA RE
TP =3 L NP v i 2 KA N ik =S N G E
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Fig.1 PCA figure of samples

313 RGEIKSHT X 30 MEREIEHITRSA
RRONT, REAHNBEEE. RMAREENNER
PR ARG, RAWLEINE 2, 456 PCA 4R,
FEE B 30 5 RE AL HERR .

314 ZEEAMibrEfRSUEEMEY ¥ LR
29 HEFE L ATA $0ds SO N, 0 ER 254
BEATHIBUEE AN, e ST AR, ZAKIE, W
EZMREE, RS0 E UL, AR RS S L K
3, BEIMILE IR ERE LK 4, 459 29 L2
TZM A 16 NLA . MBS R LK 3.
ARALLRE 53 45 SR W, 29 HLRE i 5 0] [ 4 b g,
KB
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Fig.2 Hierarchical cluster analysis of samples
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Fig. 3 HPLC overlay graph of 29 batches of G. wilfordii
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Fig. 4 HPLC characteristic peaks of extract from G.

wilfordii

F3 29 HEFEMBMEITNER

Table 3 Similarities for 29 batches of samples

ERiEE ) HHEE FEdh 5 AL
S1 0.791 S16 0.885
S2 0.767 S17 0.945
S3 0.779 S18 0.956
S4 0.927 S19 0.885
S5 0.947 820 0.862
S6 0.919 S21 0.950
S7 0.954 S22 0.732
S8 0.959 S23 0.859
S9 0.950 S24 0.944
S10 0.882 S25 0.934
S11 0.867 826 0.955
S12 0.888 S27 0.822
S13 0.976 S28 0911
S14 0.939 S29 0.892
S15 0.842 X T 1.000

ABUESIAE 0.732 DL L, P BHAS ] SR YR & 38 Bk
A A 25 R, AT N B AR 1 BT
MR HERL K
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315 BWFTEIHWEHE L AHLE Rt
SHTH 29 AN PEH R R ZGM B 16 N LR E. R
BA I B KA 12,155 17.893+ 20.575. 27.067 -
36.649. 39.43. 50.182. 52.617. 57.233. 59.529.
81.643. 82.789. 84.856. 88.980. 90.273. 91.759 min.
B B RS 5N 1~16, B0 5 OE EFE A,
WisE 1| SRR E TR, 7 508 M i 5, 8 Sk
NEEHER, 12 SWENTAR.

3.2 IBhETEMS

321 TR EEERGRAI YU IR
SR EE RN BE R 6 A IR T BB A% e 20

322 ZEFEER QR PUMIETE N E 29
Uy & S 25 M TR BE R £ T 30 0 I gg 40 e MCF-7
M2 WK 5.

33 ZEEMMEIL-WKEMR

331 EMILAEHEE BFENLEE 23 DMFEME
AT IG5 R 6, ¥ 16 DML IEMKIKBEN
Xiv Xon Xzooeee Xieo HIR 6 MM THAERIE10
A I WK 7.

*5 EFEERIIX MCF-7 AR R
Table 5 Inhibiting rate of different sources of samples to
MCF-7 cells

HA e HHIRIEA,  HRRERR LRSI MCF-7 FEmS  MCF-7 0% | Fehs  MCF-7 I0RI%%
YRR 1Cso 2y (12.4743.86) pg/ml (K 4) , MT SI 29 16 500
30 pg/mL. AR 1C50<30 pg/mL o s o N
I, AIHEPAAA —E PUEER, AP s4 34.1 S19 40.6
FElS), R B 70% PIRRER I (I BSHE 2 e # R " o ol o
AT Bk, A NS T R e P AL 87 495 o) 65.9
R4 BEETREZEEREMIN MCF-7 2B ICso(X £ S, n=3) zg ;‘;Z 2;3‘ fé-‘l‘
Table4 ICso value of different parts of samples (Xt S,n=3) 310 350 25 456
) ICso/(ug-mL™") Sil 36.0 26 404
=R 109.19£5.77 S12 53.2 S27 394
Bt TR 2.1 12.47+3.86 S13 342 S28 46.5
ETE 38.63+4.14 S14 57.2 S29 48.6
FREE R 16.15+2.53 S15 543
#z6 23 NEBEMREIRIIEERN HPLC =B IEIREERE
Table 6 Data of characteristic chromatographic peaks of 23 batches of samples
o A IR
" Xi X2 X X Xs Xo X7 Xs
S2 0.232 0.378 0.705 1.787 0.545 0.170 0.384 1.628
S3 0.122 0.587 0.731 1.195 0.624 0.119 0.284 1.060
S4 0.481 0.732 0.731 0.728 1.239 0.335 0.450 0.413
S5 0.572 0.555 0.298 0.558 0.657 0.971 1.180 1.057
S6 0.283 0.384 1.303 0.892 1.198 0.813 0.805 0.412
S7 0.820 0.835 1.269 0.916 0.761 1.814 2.631 1.581
S8 1.113 2.567 1.177 1.388 1.174 1.641 1.596 2.858
S9 0.407 0.633 0.683 0.529 0911 1.040 1.044 0.538
S10 0.332 0.577 3.428 0.873 0.536 0.326 0.440 0.360
S11 0.293 0.270 0.709 0.418 1.167 1.839 0.621 0.231
S12 2.536 5.225 0.404 3.974 1.529 2.604 0.737 1.204
S13 0.609 0.455 1.275 0.502 0.643 1.040 1.177 0.979
S14 2.304 1.886 1.422 0.909 0.853 1.407 3.380 1.658
S15 1.189 2.115 0.315 1.098 1.070 0.521 2.329 0.191
S16 1.460 1.206 0.285 0.757 0.844 0.528 0.942 0.205
S17 1.624 1.266 0.849 0.834 0.857 1.513 0.950 0.677
S20 0.454 0.905 1.187 1.691 2.121 0.857 0.490 0.428
S21 0.777 1.304 0.739 0.908 0.810 0.797 1.100 1.008
S24 0.936 0.537 1.289 0.697 1.298 0.482 0.266 1.141
S25 0.527 0.235 0.773 0.592 0.804 0.530 0.885 1.664
S26 0.736 0.527 1.063 0.762 1.490 0.767 0.669 0.784
S28 0.461 0.506 1.212 0.611 1.098 0.652 0.652 1.226
S29 0.515 1.002 1.187 1.494 0.764 1.065 1.104 2.319
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K6
\ AU R
b
Xo Xio Xu X2 Xi3 Xia Xis Xie
S2 0.262 0.485 1.452 1.207 0.371 0.439 0.555 1.706
S3 0.283 0.775 1.456 1.038 0.308 0.605 0.313 0.989
S4 0.818 0.361 0.568 0.345 0.653 0.996 0.685 0.755
S5 1.424 0.284 1.042 0.643 0.671 0.705 0.622 0.838
S6 0.662 0.618 0.294 0.358 0.993 0.640 0.702 0.732
S7 1.706 1.585 1.236 0.790 1.751 1.912 2.826 1.346
S8 1.968 2.705 1.884 1.433 2.498 1.320 1.633 1.057
S9 0.549 0.627 0.530 0.560 0.756 0.712 0.635 0.624
S10 0.549 0.387 0.194 0.173 0.174 0.231 0.211 0.163
S11 1.098 0.470 0.128 0.401 0.971 0.753 0.757 1.136
S12 1.444 1.131 0.801 0.789 2.754 0.207 0.265 2.721
S13 0.662 1.011 0.785 0.400 0.792 0.690 0.970 0.557
S14 1.849 3.504 1.736 1.293 1.138 1.814 2.055 1.418
S15 1.172 3.775 1.154 2.196 0.843 1.118 0.910 1.392
S16 0.495 1.172 0.567 1.276 0.864 0.969 0.837 1.566
S17 0.475 0.296 0.809 0.159 1.280 1.239 1.508 0.993
S20 1.593 0.667 0.253 0.637 0.588 1.719 0.802 0.979
S21 0.767 0.800 1.335 0.885 1.303 1.230 1.916 0.504
S24 1.283 0.436 1.158 1.354 1.059 0.855 0.857 0.709
S25 1.369 0.277 1.691 1.830 0.996 1.060 0.906 0.993
S26 1.938 0.844 0.444 0.639 0.758 0.421 0.450 0.320
S28 0.737 0.742 1.267 0.734 0.585 0.799 0.691 0.483
S29 1.427 0.823 2.124 1.724 0.929 0.966 1.093 0.573
£7 6 MNUIEHRK HPLC S BRI ERE
Table 7 Data of characteristic chromatographic peaks of six batches of verification samples
. A I
Xi Xz X3 X4 Xs Xo X7 X3
S1 0.288 0.830 0.240 0.787 1.138 0.242 0.532 0.125
S18 1.709 0.311 0.272 1.038 1.012 2.276 2.932 1.293
S19 0.803 0.585 1.047 0.438 0.763 0.780 0.391 0.177
S22 5.986 1.740 1.872 1.888 1.367 2.833 0.476 0.698
S23 1.338 0.435 1.785 0.461 0.817 0.806 0.216 0.408
S27 0.095 0.408 0.751 0.277 0.910 0.228 0.336 2.679
o) A E L 2E
Xy Xio X1 X2 X13 X4 Xis Xie
S1 0.236 0.152 0.127 0.944 0.614 1.321 1.287 1.599
S18 1.401 1.048 1.812 1.869 2.234 2.100 2.326 1.694
S19 0.211 0.506 0.269 0.516 0.464 0.617 0.488 1.046
S22 1.677 1.608 0.854 1.897 1.292 1.191 0.923 0.835
S23 0.626 0.421 0.375 1.082 0.498 1.158 0.680 0.945

S27 0.318 1.489 2.655 1.829 0.864 1.215 1.095 0.327




FED 20236FE87 $54% B 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

= 5009 »

332 ZEFEHIAMIEIL-BTE HIFRIEE
16 H R R ) MCF-7 48 Bk 2R KA 535 DTk 1)
BEA A, WX Xov Xsv Xios Xiov Xizv Xias
Xiso ZEEPUIAMIEL-RTTEN Y=0234+
0.047 X;+0.052 X>+0.102 X5—0.033 X;0+0.097
X12—0.112 X13—0.086 X14+0.157 Xi5

333 HREK ITERERMEICIES 2, B
MR R 2LMERR, Ui AR E & H
B NS N Y RN SRR BN
R2I7HE, WK 5. 6.

8 —
6
= 4 |
2
0 T ; :
-2 -1 0 1 2
[l bREAL IR 22
E5 HATEIREBIHESE
Fig. 5 Mahalanobis distance histogram of dependent
variable
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Fig. 6 Normal P-P plot of regression standardized residual

334 IAETTFE K 6 MNILUEFE S IR AT IR H
RN E B PR - RO R, R R
{25 % = 1T/ B9 — 1
M 8 W LLE H, HATEL BRI RS
FIH) 6 it FEGUE AT b B ) 2R A - S
15 LS ) 25 R A AE + 10% LAY
4 g
41 REFERINTIZHER
ARSI FH 70% 7 B A 97 751 5 2 B e e ) 4

*8 EEENIREL-SEXRETNHFERENEER
Table 8
relationships model of G. wilfordii

MCF-7 I %/%

Result of verification on spectrum-effect

L A—— i fise
S1 0.489 0.513 491
S18 0.494 0.515 4.32
S19 0.406 0.385 =5.05
S22 0.719 0.774 7.69
S23 0.424 0.445 5.02
S27 0.416 0.451 8.53

HEAT PN I8 2R S BT I
e SRR RN T Z . BRI (A |
AN (B) MEAER (C) NEEHLENEK,
AR ZEI 3 K, IERRIERLHARE TR, 4
W B, DB S nmT, SHERME
WK/ A>C>B, BUERE LLRE I i oK, A I
V) S 5t /0N o MR R 1E 2SR B 5 (1) S R SR R 25 1 N :
TR A 1218 B 70% A ERLE 100 kHz &8 5 A% T
HE A TR 60 min. WAIESEL:, #HE 3K, BEIEE
R ECN 1.83%. 45 F R M R AR T
SRR, YIS,
42 BIEFHHNEER

ARG VLR T BT KR 9 5 2 B R A
%2 [ Agilent XDB-C g thifi#f:. Agilent Zorbax-Cis
s, Agilent Extend-Cis taiféf:. 15 Cyg o1
B RERFIRE Cis ik FISEE I Cis % 6 Fl
AR B GO, BRI 359 (250 mm X 4.6
mm, Sum) , ZERRIS G EE AL B 5
LROr B, (HR B i A W A P AR, TR ik ik A L
H— oy B A DL T IR 2 1 Agilent A F] 1
XDB-Cs EASEH AR FE . AR SI256 45 3] FH HR -
K SRR HEE-ZE-0.3%0 B 5k A i sh Al
DAAS R f P EA TR0, 45 R B FH - 2 15-0.3%
T IR R0 P e I SR B i s AR EH T 0.84
1.0 #1 1.2 mL/min, %% 1.0+ 1.2 mL/min /ARG
B BEBEAL, ¥ 0.8 mL/min {F ARSI
R .
43 EYEHR

SEIGAEAN At 2 S AR B HPLC i 8UEl i
A 0 5 L el 4 F s AL AL B, RS
TR VF SN 2 M R S AT 0 5 TR 4 F
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HATHHRYERE L. AR IR, RSN IR i
JE | SR SRR NG % MCF-7 2 A4
K AN b, A A SIS & B BT T8 v 1430
B BL 29 AR SO R, T s A A
I T, P B R g, A 16
ANILAHUE, TR SUERE, B LR S S A T
M ZER . BT EBUA B T A B 6 e
B O IE A o A1) 2R A VB 5 SR B4R B SE 1
i 22 26 I0E £ 10% AN« ARSI E T T 2R
WIS RO R THE, I T R 22 PR AR R 2 Ak
SIABE N AL MR, TR
iR LS,
FBAR PIAVHEHFRAREEF TR
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