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Quality evaluation of Sanguisorba officinalis from different origins by fingerprint
combined with multi-component quantification and chemical pattern recognition
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Abstract: Objective To analyse the quality of Sanguisorba officinalis from different origins by HPLC multi-component
determination and fingerprint multi-mode chemical recognition method, and to provide a reference and basis for the construction of a
quality control system for the quality assessment of S. officinalis and the exploration of its potential quality markers. Methods The
fingerprints of 10 batches of S. officinalis from different origins were established by HPLC method, and the contents of seven active
ingredients in S. officinalis were determined; SPSS 21.0 software was used to carry out hierarchical cluster analysis (HCA), principal
component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) was performed using SIMCA 14.0
software. Results The fingerprints of 10 batches of S. officinalis medicinal herbs from different origins were established, and the
similarity ranged from 0.816 to 0.976. A total of 20 common peaks were calibrated, and seven constituents (gallic acid, catechine,
epicatechin, ethyl gallate, hyperoside, ellagic acid, quercetin) were identified, and the results of the content determination showed that
there were significant differences in the contents of chemical components in S. officinalis from different origins. HCA showed that the
10 batches of S. officinalis were classified into three categories when the Euclidean distance was four. Three principal components
were extracted from the PCA, and the cumulative variance contribution rate was 91.98%, indicating that the three principal components

played a dominant role in reflecting the relationship between the shared components of the S. officinalis samples from different origins.
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The results of OPLS-DA analysis indicated that chrysin, gallic acid and catechin might be the differential markers affecting the quality

ofthe S. officinalis medicinal herbs from different origins. Conclusion The quality of the S. officinalis medicinal herbs from different

origins was evaluated by the establishment of HPLC fingerprints and the determination of the contents of the seven components,

combined with the chemical pattern recognition method, which could provide a basis for the study of the quality standard of S.

officinalis and its potential quality markers.

Key words: Sanguisorba officinalis L.; fingerprint; chrysin; gallic acid; catechin; hierarchical cluster analysis; principal component

analysis; orthogonal partial least squares-discriminant analysis

ki S5 ERHE Y HUA Sanguisorba officinalis L.
B K S, officinalis L. var. longifolia (Bert.) Yii et
Li MR mRatry BR. TR, MEROE, A, K
Z. BAEMIED., MESuE2 3G InK LT
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cluster analysis, HCA ). F % 45 #r Cprincipal
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FA) 34 Corthogonal partial least squares-discriminant
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BN H A 2548 B AR, D LB A )
Lotk — Bt TR B -

1 X5
11 Y&

Agilent1260 A4 AR 1A (SEE Agilent
WD, ALC-210.2 BT R (Rt 382 AR -F
AIRAT]D, SYS BB AKHL GBS IR &5
#APRAT]), HE-S4 R RAT IR K IBAA ORI R
CERHIE AT, PS-40 BUEE G v s (RIITHE
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XTI TR ('S 110831-200302, Jii &4

H=98%). JLEEEHR (5 877-200001, i /4=

98%). FJLFEE (HIk'S 110878-200102, JRE/ H=
98%) JSET-rh E A S 2 A I bR s Bkt
({5 B20631-20 mg, FiETE=98%). & EFIR
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R (fit5 B21073-20 mg, Jii w0 $0=98%). #itjz &
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BRATED; AKABLEK.
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£1 HEHHES

Table1 Information of S. officinalis
Eilel FEHb R W EERT ]
S1 2N EPS 2020-02
S2 VY )11 45 FH HK 2020-02
S3 B 5% R H R 2020-02
S4 % 7 J BH HX 2021-03
S5 VY| AT HX 2021-03
S6 W EE R O B ¥ 2021-03
S7 FEERS =P 2022-02
S8 KR =P 2022-02
S9 HfRIK =P 2022-02
S10 JURM L EPX 2022-02

2 FEEHER
21 XY

AR 3 Bk . TSKgel Amide-80 (250 mm X
4.6mm, 5pm, REHRASH, %5 0013071); it
AN 0.1%BE B /KT (A -HEE (B), BAEHE
0~20 min, 5%~15% B; 20~35 min, 15%~19%
B; 35~65min, 19%~25%B; 65~70min, 25%~
27%B; 70~75 min, 27%~35% B; 75~100 min,
35%~50% B; 100~115 min, 50%~70% B; &
Ui 0.8 mL/min; FEif 25 C; HEFEE 10uL; A
WK 270 nm.
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22 BikHE

221 MHSER RS Dot R GE 80 H
%) 0.4 g, FEEFRE, B S0mL HEIEH, TN 50%
FEE 25 mL, FROEfTE, BASR 30 min, U,

A, TR E T, F 50% H AN 2 35 2K 1 i &2
PAY, JERE, JERT 80 CKISERTh AT, BREH
50% L 2 mL VAR, i 0.45 um BALIERE, ENTE.
2.2.2 REXEMER IR BORETER. LS
. BIER. RILKER. BETROE. #EER.

SRR IE R, FEFRE, D 50% F R AR
JE R 20 fif, il ot B EE 43 ) 101.56. 721.02,
20.97. 52.48. 50.93. 51.54. 49.75 pg/mL MR A X}
MRS, B

2.3 TSI ENERVESL R TR

231 REEERL  BUMFRE S (S3), #ER“2.2.17
U7 i) 2 B VAT, HE IR 2.1 Ik E
SRR 6 IR, il taikiER, DL3 5 QR ETIR)
RZfRIE (S, ZEE KT 1.5 B RAE O,

THE A B & AT W A X LR B B (] (%) RSD 33/ F
0.32%, FHIXTIETEAY RSD $/h T 1.35%, FHXHS
K5 L RUT

232 EEMERLE  HURRES (S3), #&#R“2.2.1”
W PAT RIS 6 A VA, #%H8 “2.17 T
AR AT, DL 3 S CREBTRD NG
(S), MFF B AR RSD /T
0.26%, FHIXTIETEIAR Y RSD %)/NF 1.79%, F£Hi%
Tk EE M R .

233 fRoEtEilse  HOAES (S3), 22217
T 77 1A B, 0 TR S 04 20 4.
8. 10, 12h %M “2.17 TG K AFdERE 4, DL 3
S QBT AZSRIE (S), NAEEILAEIEM
XTEREAIN AR RSD 38/NT 0.47%, A I AR K
RSD /N T 2.08%, R MIERAEERNE 12
h WAREME R I .

234 fegrEiEpg s 10 HeH 2GR “2.2.17
T 75 10 % O HE R A, FR R €217 Ttk Ak i
BEFE AT, e AR K 10 HbH e SCERE DL
AIA TN 2 Eikte S S LE N KRR
(2012)” B, DL S3 FEf RS IRIRLUEIE, Ffs
HORFEAE, BAIE TN 0.1, &2 SR IERTE 3)
VCHC 5 2B et PR Fe ar it . 10 HEHuk A F: i HPLC
B INFR S Kot B DL 1, HebRoE 20 AN IEE
W, SEE VR AR (B 2) LERHBIAEE TR (3
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1 10 #eH A E HPLC & nis o &L & 5t B E
E R

Fig. 1 HPLC superimposed fingerprints and control
fingerprint (R) of 10 batches of S. officinalis samples

3

3-BRTE T-LHRES I-RILRE: 12288 TIR AN 15-&4
BEE: 16-BRIERG: 19-Hi R

3-gallic acid; 7-catechine; 11-epigallocatechin; 12-ethyl gallate; 15-
hyperoside; 16-ellagic acid; 19-quercetin.

E 2 REXIES HPLC &iE

Fig. 2 HPLC chromatogram of reference substances

). LR ER (758, RILFHR (11518, %
BTRRAEE (12 518, &28kH (15 518, Bl
g (16 50, MR (19 51§),
2.3.5  MMUEEVEMT  LAAS A X6 HE 45 80 oA bk
#E, TR 10 #EHb AR S IARUE (3R 2), 10 ki
ke SAHLUEE A 0.816~0.976, 18] 10 HHtituAgike &
BAB WA, 256 R Emxfae, HEhTE
KIREEATE, A[FE =R A 2080 & &2 [AA7TE
—EZE ST
2.4 HCA

PL 10 fEHOAAE SR 20 AN I s i FOR AR
i, S SPSS 21.0 A, KAHAMBEE. FI7RK
B BERHT HCA 70, 55K 3 fios, H4BK
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&2 10 it HPLC EIEARILEE
Table 2 Similarity of HPLC profiles of 10 batches of S.

x4 VEETFHEERE

Table 4 [Initial factor loading matrix

officinalis Sty WA

Hikel AEABLEE YT AR 1 2 3
S1 0.829 S6 0.913 1 0.885 0.085 ~0.080
) 0.927 S7 0.885 2 0.964 ~0.186 ~0.099
S3 0.902 S8 0.913 3 0.162 0.871 0.410
S4 0.940 S9 0.927 4 0.864 ~0.443 0.038
S5 0.976 S10 0.816 5 0.966 ~0.080 -0.028
— 6 0.349 0.685 0.411
0 > 10 15 20 2 7 0.843 -0.380 —0.052
310 | 8 0.970 0.171 0.081
gé ’ 9 0.740 0.419 ~0.370
so || 10 0.972 0.048 0.084
= |1 11 0.906 0.083 ~0.169
s | 12 0.985 -0.132 0.012
:Z 13 0.659 ~0.638 0.330
14 0.902 ~0.325 -0.235
3 WG ERSGBESRE 15 —0.090 -0.911 0.287
Fig. 3 Systematic cluster analysis of S. officinalis 16 0.676 0.562 0.745
17 0.981 0.084 ~0.009
IREE B A 4 B, ke el 508 3 28, S1. S7. S10 18 0.095 0.881 ~0.436
HNE 1R, S2~6. S9 NS 2 J5, S8 N 3 2K, 19 0.966 -0.178 ~0.034
HCA %5 1380, ANFE = b 2544 10 i B EAE— 2 20 0.824 0.356 0.062

M 2 5

25 PCA

251 FHEESTTETERE K 10 it S E
B 20 AN LA I IE AR S N SPSS 21.0 K AFHET
PCA, VAEREE >1 NIREBGRE, 53 3 4
FERsr (R 3. B 1 ERSTFHIEEN 12,771, %
TTHREEN 63.857%; 55 2 LR FIEE N 4.447, 7
ZETTBRFN 22.234%; 26 3 E R HFFIEME AN 1.178,
J7 ZE TR N 5.888%; 3 > RA (1) B AR 7 % Tk
N 91.980%, VLI 3 A o7 S AN ] 7= i
MIFE I A B R RZ iR 3 SEH .

252 HTFEMAEME  HETFEAEHRE (R 4 1
BAFEM 20 ANIEH N 3 AN 3R AR R AT
TETTRZ, BAAERSFERT 1. 2. 4.

*3 FHEEMRRSEEE

Table 3 Eigenvalues and cumulative variance contribution

ERT RFALE 7 TR % R ZE TR %
1 12.771 63.857 63.857
2 4.447 22.234 86.092
3 1.178 5.888 91.980

5. 7~14. 17, 19, 20 Staifig; 22 Ny E
BURBLT 3. 64 15, 18 SikE; 3 My E
TR T 16 5k,
253 ZEAVEY  isF] SPSS21.0 #FHEL 10 fitis
WMIFE S E R 155, LA& F R LR DTk
BE ZBOT LRG0 AT HY, 4R 0% S,
I M LGV RS, BT DU B -
MRS, HER B RRELT. ZE/RE
1 14 S8, #E4 2~7 124 S5+ S9. S2. S6. S4.
S3, HE# 8~10 ¥ S7. S1. S10, Uil S8 HIFE M
JR R
2.6 OPLS-DA

DL 10 ftedbdais i A g i oy, A
SIMCA14.1 % fF#3E4T OPLS-DA, 157346 % B LI
4. % OPLS-DA #i%, RZ=0.867, 0*=0.925, ¥
R E 5, oA XAERE . WS
KRR, 3 BHERLTEWENIT, HRSZEA
L. 10 #Amas S 3 28, S2~S6. S9 i
BAN—3, S1. S7. S10 FEMIN—2, S8 FfMH
Moy—2K,
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&5 10 #MMOERSEFE S RHF

Table 5 Principal component factor scores and ranking of 10 batches of S. officinalis
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LRI 3 135 SZEfY e
1.487 253 959 —2.006 705 523 9
0.270 492 692 0.316 271 152 4
—1.922 482 149 —1.542 296 976 7
—1.649 189 236 0.075 372612 6
0.735 752714 1.123 487 528 2
0.176 370 526 0.211 899 850 5
—0.085 037 728 —1.615 223 569 8
—0.141 617 392 5.625 778 858 1
1.140 721 149 0.391 090 061 3
—0.012 275 389 —2.579 647 123 10

FEdh ERSr 11353 ERIr 2 1353
S1 —2.697 572 414 —1.671 701 987
S2 —0.509 888 895 2.815257 237
S3 —2.265 160 330 0.078 088 535
S4 —0.231 715 699 1.441 232205
S5 0.779 449 585 2.619 561 421
S6 0.174 501 505 0.405 162 038
S7 —1.499 326 365 —2.936 006 617
S8 9.446 024 122 —1.789 288 180
S9 —0.017 582 376 1.507 384 983
S10 —3.178 693 398 —2.469 668 548

1
300
200 o
ES | S10
g 1 0S8 s10g7
= 200

=300
_400 | ———r———r—r———r—r—7—— -

7800 600 —400 200 0 200 400 600
1.002 38%[1]

El4 10 #HtihiZ54F OPLS-DA 1557 [E
Fig. 4 OPLS-DA score of 10 batches of S. officinalis

Zi 5 E B E (variable importance
in the projection, VIP) WL 5, R VIP {EHHH
SE AR ZE A 5y, BL VIP> 1.0 1 A bR,
e R b3 AR Sy TR 7 MR,
VIP R/MFFFIRIKY 17 SIE>9 SiE>15 g

VIP pred

Varl

o

(Primary)

[E 5 OPLS-DA iy VIP {&
Fig.5 VIP value of OPLS-DA

2.7 Hoii 7T MBYRSEENE

271 LMEXRRFELR FEEBI “2227 BUNEE
HR ALV 24 64 104 15, 204 25. 30. 35. 40puL, #%
B “2.17 TR G AR AT H b, DAVRARTIE
IR EOAREARER (X)), DAXTHE ST RN ALFR (V)

(Bt >3 218 GEETH) >5 2ie>188  SflbrEihiL, DEBREIN10 @ 1 EEER1OQ),
I >7 Bk (L), KBRS EE AKX FMREON3 D TTERTIR (LODD, #HATZERA,
W 2 R R B Ry, ek, FETAEGREIETIEE, SRR 6.
=6 MMM R T MRS &M R RER
Table 6 Linearity results of seven components in S. officinalis
D% EYEYp R? LRV /g LOQ/ug LOD/pg
WETR Y=3 885.0 X—207.7 0.999 7 0.203~4.062 0.005 7 0.001 7
ILHHE Y=498.17 X—80.664 0.999 9 1.442~28.841 0.016 0 0.004 8
FKILHEER Y=700.03 X—9.621 2 0.999 7 0.402~8.039 0.005 6 0.001 7
WETR LM Y=3441.0 X—6.479 0.999 9 0.105~2.099 0.000 8 0.000 3
&Yk Y=2522.4 X—29.851 0.9999 0.102~2.037 0.001 1 0.000 3
BAem Y=32960.0 X+ 1 042.4 0.999 5 0.103~2.062 0.001 0 0.000 3
Wiz & Y=36129 X—15.469 0.9999 0.100~1.990 0.001 2 0.000 3
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272 KERERE B A (S3), M RILERR. WE TR, S2kE. BIEm.

“22.17 TUR J ik &R R E e, IR B
“2.17 TR itk 4 HE T HPLC 20 #r, EEEFE 6
W, IWRSRATVEHR, SRETTIR. LR

FKILKRE. BETRLEE. &2, BIEmR. i
FE R AR RSD EAKIRAT N 0.74%- 1.73%-

1.29%- 0.96%-+ 1.23%. 1.44%. 0.89%, WL 3%k
HIERIT,

273 Rt HUHbM M (S3), IR
“2.2.17 TR 7k A A, =R T E,

SYAEE 04 24 4. 8. 12, 24h J5H%IE “2.17 Ti R
TR BT, SRS R ETHIAR, SR
MR, SRBE TR LR, RILER. BB
TR OHR S2e ki BRAEIR . il F & A RSD
AR I 1.26% 0.73% 0.69%- 1.56% 1.43%.
0.77%- 1.81%, FRIAFES 24 h NEE .

274 HEEMWRE HHMZAM (S3), %R
“22.17 TUF 7SI SAHR AR 6 4, B EIR
“2.17 TN il 245347 HPLC 4047, idsk ek
WETHIAR, WEE & &, &GREE TR ILER.

J 2R & 53 4 RSD EAK IR 43 314 1.12% 0.83%
1.39%. 0.86%- 1.31%- 0.75%- 0.92%.

275 fREREERRL: 2R (S3) 9 1,
fy 0.4 g, IMNREXEMERIERE, % “22.17
TR 7 o i R, % “2.17 TR ik %
Mg, ok tabilgman, THEREYEEF RSD {H.
SRR, WETER. ILRER. RILKR. BT
ROWE. w2tk BAemR. W R
DN 96.47%« 97.57% 101.56% 98.13% «
100.47%-+ 99.45%- 101.05%, RSD {H %354 0.88%-
0.79%-. 1.42%. 1.58%. 1.11%-. 0.95%. 0.91%.
276 FEEEENE 10 HhEZA, 40l
“2.2.17 TR ik A IR, 3% 4217 TR
IR TIE, HESRD & E, SRNET.
A R AT, OR[E S AL 2 S R AR E
B H, HRKEX 258 LA R
FKILFER. BBETROEE. WA ERS; U
I X HiA 25 64 i B IR B s B N
X Mk 244 v & 22 bk S R .

®7 10 #Htitteh 7T PR SENELR

Table 7 Results of determination of content of seven components in 10 batches of S. officinalis

Ji R H(mg-g™")

WETR ILEHR RKILEH WETIRHE BT AR it Bz 2%
S1 0.470 0.691 0.084 0.051 0.612 0.038 0.085
S2 0.711 1.434 0.167 0.101 0.047 0.057 0.234
S3 0.236 1.136 0.147 0.042 0.112 0.015 0.179
S4 0.474 1.172 0.228 0.137 0.062 0.043 0.283
S5 0.854 1.449 0.130 0.139 0.083 0.074 0.355
S6 0.558 1.249 0.303 0.151 0.109 0.045 0.319
S7 0.065 3.127 0.070 0.124 0.535 0.021 0.039
S8 0.340 5.101 0.499 0.460 0.405 0.071 3.319
S9 0.649 1.528 0.167 0.144 0.085 0.060 0.463
S10 0.060 1.032 0.029 0.061 0.585 0.020 0.035

3 it 270 nm ZefF R R HM B ST R

BT E R HRL-0.1%BE R . FHEE-0.2% R . H
BE-0.5%5 IR £ E-0.1%E 8 £ -0 2% R it
SIARAR RBEAT BRI, &5 5 5 7S DL 0.1 % i i
VEIRANARS , % (i 7y B BERR AT, FRERITHa
i I SRR S 7R CR 2704 277, 280 nm R AR
MEER, WI3LE 270 nm FHIEE L, EmAE K,
DAL b e 438 DL FHRE-0. 1 % B FR A N imi AR , Al KoM

T 2B EAN AR B (40%- 50%- 60%- 70%
B, ANFEBEEURA] (302 35, 40 min) X HikiZE
WIS e A R, gRER, 50%H R
WM E 2, IS 2, ASESE U R J5 B
7, BRI 50% HREE 75 2 HL 30 min Nt
il 5 7925

10 #HEHuRE S HPLC B hnisr &l b3t br
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W 20 N, @SR 7 ANE RS
SANER TR ILRR. BILEER. BETRS
Bie. G2ephif. B, Wkx, HhEeTFIR.
JLEFR . SIS Eiim, Buigs BB,
AR B ZEA TR B, = F I H AP .
DU AR 1Y, AT B8 Ay b 44 24 300 2 B R
45; [FIRSARYE OPLS-DA ZER BN, &2t . %
TR, JLAE VIP (H>1.0, HIL&2BhH . %
BT LR ZM I E R EY. I
4k, HCA. PCA LK OPLS-DA Zp#rés 8 —%, #8
10 HEHORI 2V 3 98, 2 IR )T ARHLIX
NE L, WU SR BEVE. R HRHIX N
2, HMRHXONE 3 28 HMHIX (1) 4 2 Bkt
BETR. ILERRXR=FTELNRES, PCA &1
SHEAE 1, ke =E A B A A S 25 H R
BREIEMAX, H, E&FEsetke. BeT’R. )L
FFAE M T VPN IR AR YR RS 2 FT SR
gE b, ARSEEG R AR SIS 4 A1k 2 R )
(10 75 5 55 AN [F 7= b R A 25 04 12047 256 ot A8
OPLS-DA §iiiide tH 7 A~ [F] 7= Hh A (1) 22 S b 4,
B4 T HL PR AN [ P2 B M A 250 1 R 2R i 5%
FBAR FAEHEYFARGEFRZFTR
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