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Abstract: Objective To evaluate the difference of Cimicifuga Rhizoma from different producing areas by establishing UPLC
fingerprint and determining contents of three effective components of Cimicifuga Rhizoma. Method UPLC Method was adopted.
The determination was performed on a column of Agilent SB Cig(100 mm x 2.1 mm, 1.9 um) with acetonitrile-0.05% phosphoric
acid solution as the mobile phase by gradient elution at a flow rate of 0.3 mL/min. The detective wavelength was 320 nm, the column
temperature was 35 ‘C, the injection volume was 1 pL. The UPLC fingerprints of 15 batches of Cimicifuga Rhizoma were
established and the common peaks were identificated by reference substances and mass spectrometry. The contents of three
components were determined. Similarity evaluation and principal component analysis (PCA) were carried out on the fingerprints and
orthogonal partial least squares discriminant analysis (OPLS-DA) was used to find the different components of Cimicifiuga Rhizoma

from different producing areas. Result There were 16 common peaks in the fingerprints of Cimicifuga Rhizoma by comparing with
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the reference substances, three common peaks were identified, namely, caffeic acid, ferulic acid and isoferulic acid. Except for three

batches of samples from Liaoning Province, the similarity of the other 12 batch was greater than 0.95. According to the analysis of

PCA, 15 batches of Cimicifuga Rhizoma were divided into two categories; Seven kinds of biomarkers were determined by OPLS-DA

method. The order of significance was peak 7 > peak 11 > peak 9 > peak 8 > peak 10 > caffeic acid > peak 4, respectively. The total

contents of caffeic acid, ferulic acid and isoferulic acid.in Liaoning were obviously higher than those in other areas. Conclusion

This method can effectively analyze the quality differences of Cimicifuga Rhizoma from different producing areas and provide

reference for the quality evaluation.

Key words: Cimicifiuga Rhizoma; UPLC fingerprints; multi-component determination; difference markers; caffeic acid; ferulic acid,

isoferulic acid
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Table 1  Origin information form of 15 batches of
Cimicifuga Rhizoma

' sy Eiins sl

S1 G1708044 b

S2 G1708045 b

S3 G1708046 OB ziget

S4 G1709004 Ui 311

S5 G1709005 Ui 311

S6 G1709006 p Ui 311

S7 G1709009 AR

S8 G1709010 AR

S9 G1709011 AR

S10 G1709055 5 AR DRS4S
S11 G1709056 5 AR DUR SR
S12 G1709057 P 5 A LR SR
S13 G1709064 BT B

S14 G1709065 By AR

S15 G1709066 Ly AR
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2.1 FH#KZAH UPLC 59 EiERVESTL

2101 BELAMA fBikH: Agilent SB Cis (100 mmX
2.1 mm, 1.8 um) it s NN (A) -0.05%
BERRVET (B, FUEHTA 0.05% FRRIER) 5 #hE
YEML: 0~1min, 12%A; 1~3 min, 12%~18% A;
3~6min, 18%A; 6~13min, 18%~35%A; 13~
18 min, 35%~90% A; 18~19 min, 90%~80% A
A EN 0.30 mL/min; ALK A 320 nm;  #
A 35 Cy HFEEAN 1 L.

2.1.2  PREVAIH] A HUPBEER . uhnnEER AN S
B[ SRR S IR T & R, 0 10% S A BB IR Wi
HERZ 0.1 mg/mL IR &% BT .

2.1.3 A El & BRI R GE =
S 2505, MERE, BEEHTRY, KB
IONHG B 25 mL, 252, FRENE, @ AR (I
250 W. HiF 40 kHz) 30 min, {74, FFRER
&2, FAWCEANERRRRE, A, JE, Hak
JEW, BNfE.

214 FUEFM SRAWEMISEEFIE (HESD , W%
HiEN 3.24 kv, BEREANIE. B 36
JEFEA m/z 150~2000; #SAFUAER A 35 arb; 4iEh
SARFUREN 10 arb; BANERE N 350 C; 4bhas
I#GR B 350 Cy — A HEE N 70 000
FWHM; #4308 17 500 FWHM; 2l
FREE N 40eV; S-lens HHJE N S0V,

2.1.5 KEEEWLR BUHRZHM bS5 G1709055)
PRSI, 4% “2.1.07 TR s & N iE
SRR 6 IR, Rl faSCEINE, DR R RS o ik i
ZiRE (S , IHEEILAIRLIES S EERIA R
B I} () AR & TR RSD {E, 3978 T 3.0%.

2.1.6 EHEEMHRE  HUE—HER BT RRZG AR R
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(P & 7V 4 6 R IR TR, e bR 2

RrFaac B, DL RIEER fikie S g (S,
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TERTA SN g BAL B oA Ed, Hazsoor til
WU T AN AR, EAHARI B i oy B AUR T, Ti4h,
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g (S) , ArsEH 16 NMEATRGUE, THE SRS
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Fig. 1 UPLC fingerprints of 15 batches of Cimicifuga

Rhizoma
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Fig.2 Reference fingerprint of Cimicifuga Rhizoma
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Table 2 Similarity analysis forms of 15 batches of Cimicifuga Rhizoma

ARACLE SI S2 S3 S4 S5 S6 S7 S8 S9 S10 SI11 S12 SI13 S14 S15 XTHRRLrKE

S1 1.000 1.000 0.994 0.977 0.879 0.954 0.991 0.994 0.971 0.936 0.947 0.929 0.938 0.971 0.940 0.989
S2 1.000 1.000 0.994 0.978 0.879 0.955 0.990 0.994 0.970 0.935 0.946 0.928 0.938 0.970 0.939 0.989
S3 0.994 0.994 1.000 0.966 0.861 0.936 0.993 0.998 0.971 0.947 0.956 0.934 0.941 0.983 0.939 0.986
S4 0.977 0.978 0.966 1.000 0.926 0.981 0.968 0.969 0.969 0.905 0.923 0.913 0.923 0.948 0.927 0.935
S5 0.879 0.879 0.861 0.926 1.000 0.971 0.840 0.854 0.855 0.738 0.753 0.740 0.732 0.819 0.764 0.875
S6 0.954 0.955 0.936 0.981 0.971 1.000 0.923 0.938 0.916 0.827 0.847 0.829 0.842 0.892 0.848 0.944
S7 0.991 0.990 0.993 0.968 0.840 0.923 1.000 0.993 0.986 0.969 0.977 0.964 0.968 0.990 0.971 0.995
S8 0.994 0.994 0.998 0.969 0.854 0.938 0.993 1.000 0.968 0.944 0.955 0.933 0.947 0.978 0.939 0.986
S9 0.971 0.970 0.971 0.969 0.855 0.916 0.986 0.968 1.000 0.971 0.978 0.976 0.964 0.989 0.984 0.993
S10 0.936 0.935 0.947 0.905 0.738 0.827 0.969 0.944 0.971 1.000 0.998 0.994 0.986 0.986 0.982 0.963
S11 0.947 0.946 0.956 0.923 0.753 0.847 0.977 0.955 0.978 0.998 1.000 0.995 0.992 0.989 0.985 0.973
S12 0.929 0.928 0.934 0.913 0.740 0.829 0.964 0.933 0.976 0.994 0.995 1.000 0.990 0.977 0.992 0.964
S13 0.938 0.938 0.941 0.923 0.732 0.842 0.968 0.947 0.964 0.986 0.992 0.990 1.000 0.971 0.979 0.966
S14 0.971 0.970 0.983 0.948 0.819 0.892 0.990 0.978 0.989 0.986 0.989 0.977 0.971 1.000 0.975 0.987
S15 0.940 0.939 0.939 0.927 0.764 0.848 0.971 0.939 0.984 0.982 0.985 0.992 0.979 0.975 1.000 0.971
SRR SCEHE  0.989 0.989 0.986 0.935 0.875 0.944 0.995 0.986 0.993 0.963 0.973 0.964 0.966 0.987 0.971 1.000

2.1.10 EHERFRIN SRA 5T R B OR B A . "
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HREMHEREEE (d)

Fig. 3 Caffeic acid (a), ferulic acid (b), isoferulic acid (c),
and Cimicifuga Rhizoma (d)

®3 FARAMHBENFRIEES

Table 3 Mass spectrum information of common peak of Cimicifuga Rhizoma

S fp/min 7T TR T IE SBE (miz) HRME (m/z) RZE(X1070) &Y

2 339  C9HsO4 [M-H] 179.034 180.157 0.641 W R

5 601  CiHioO4 [M-+H]" 195.066 194.058 1.203 R 2R R

6 652  CiHi04 [M-+H]* 195.065 194.058 0.947 FETELRR
Zidpre, BRIl BRI TTENY, 0y FREMLY,

A ERE 2 Mgk, BT ERER 221 PCA KH SIMCA14.1 #f:, L 15 #HEFHRR

HCA. PCA, WMEFEAZ AEEH R ERA, BHX
FH PLS-DA 8{# OPLS-DA #4746 W Btk iR 51,
SONFEAR [A) 2 S F R A B 5] ke, SR E R

ZiMH 16 A e g g A NS BT PCA
T, AR 9 N ERGY, RiFTIERERIAR] 99.2%,
027 0.56, IFWIRTAE R, PLRET 2 AN E sy
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B 16 DMLAfREUERIE AU BIG 2 T S
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TR NSRRI 4 D77 XHTHRRE ISR 9 —2K,
TP XTIRREENS 2 3K, 7RG R G258 ik ok
PEROK o AR B B Ji A B S A o6 = Bl 1)
SUMARCEE, R SR RRRITE, AR ERONS 3 A R S AR
FK, AT Y 1 BRI, KAMKUCH
W9, W7, WONMERR, AFENERST 2 BISEIARCE, K
AIMKUCONIE 8 BITERIR . U 11,

Rx[11=0.303 R’x[2]=0.222  Ellipse: Hotelling's T2(95%)

4 15 #tFARRZGHF Scores
Fig. 4 Scores scatter plot of 15 batches of Cimicifuga

Rhizoma
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5 FHRAMEILIETE Loading
Fig. 5 Loading Scatter plot of peak variable of Cimicifuga
Rhizoma

2.2.2 OPLS-DA #R#E PCA /p#r&E &, L 16 N3t
A RS IR B T OPLS-DA, i 37 (5
Al R2%=0.916, R2y=0.967, 0*=0.776, *Hi%Hi
U] DLR F A [ 7 Hb T RR A A SR . JE it
OPLS-DA (1] Scores Kl (& 6) %1, AS[FIF=HoTt R
2R 3 2%, Hidik 16 NMEER VIP E
(B 7) 750, LA VIP>1.0 HEERN, L3
TANERRED, IR EEHT, a5
g 7> 11> 06 9> U 8>k 10> WNMERE > 1% 4,

* 5501 »
i w1
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L o
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1.001 49%[1]
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Fig. 6 Scores scatter plot of OPLS-DA analysis of

Cimicifuga Rhizoma
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Fig. 7 VIP plot of Cimicifuga Rhizoma

PEINIX UM 2 18050 %08 T X 40 AN [ 7= B T JBR 4 57 ik
8K, HASFE = Hh e iR & & B A B R X
2.3 3 FEFRAL RIS EME

231 MBS BOHRAM B R (325
i) 2105 g, FEEME, BREHEVIS,
A 10%BE 25 mL, %28, FREE, INFAER 2.5
h, J%, FERE, H 10%CEEAN R R
=, &5, i, WEEm, RS

232 RYEXRRFE DUMHEER . BZEEE S R 2R
TR0 S i, REEEROE, N 10% LR R ik
% 30.08 pug/mL, BTEEER 59.76 pg/mL, S5 FiEHR
566.43 pg/mL IVR-E X I i il 2. A B FE I ik
TR A XTI A £ 0.1 0.24 0.5+ 1.0. 2.0, 5.0 mL,
53 10 mL &EHEH, I 10% LR E, #75,
53043 H-& RS 0.30. 0.60. 1.50. 3.01. 6.02.
15.04 pg/mL, FEEER 0.60. 1.20. 2.99. 5.98. 11.95.
29.88 ug/mL, SEFTEEER 5.66. 11.33. 28.32. 56.64.
113.29, 283.22 pg/mL [F RGN, kg2
WX b3k 6 ANAN [R5 EA L (R o0f HR A &% 1 L, 4%
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“2.01.17 TN AR E, DL R,
YPAekR (V) , X EIREENREAM R (XD TS
5, flbruEihZe, 3 R gt ma 7 FEA Lt
O W3 4.

R4 3IMMOEMELIFIEREMEEE
Table 4 Regression equations coefficient correlation of

references and linear ranges

XHE S YR/ (ug-mL™h) P i 28 R?
VI 0.30~30.08 Y=16.40 X+0.64 0.999 9
P B2 0.60~59.76 Y=16.41 X+4.15 0.999 5
P EATR 5.66~566.43  Y=16.13 X+6.94 0.9999

233 FEEERIE B “2.1.27 TR R AR

& “2.1.07 WU S AR SEIERE 6 Uk, I mHE
PR BT BRIR A S BT ZRRR e T AR, FF v SRR

R 2R A S B BB U T A RSD {E 4 N 0.68%-

1.05%-+ 0.89%.

234 fREMHRE WAKAMB R (M5
G1709055) , #% “2.3.17 I 5 0 A A i v il
BT A PR, 1% “2.1.17 TR st
SYHIE 0. 24 4. 6. 8. 10 12, 24 h #EEESHT,

TCSWNMERR . BT R R A e BT 2R R W T A, R
AN [ BF T) MR ] 8 0 S Bl 28R R W T £ RSD
B, 235N 0.64% 1.15% 1.10%.

235 #EEMHKE WAKAMB KR (5
G1709055) , % “2.3.17 U 5 A AH A Vs v il
FOER 6 RSV, R “2.1.17 TR
TESAFREREI A, TH M HERR o AR R AN T R R
KRB 80 5N 0.14. 0.29. 2.83 mg/g, RSD fH
SN 1.71% 1.27%- 0.37%.

23.6  SOFEREIEERNGE  BFRRZGM R (iS5
G1709055) £]0.25 g, W#EWoE, AT 3 4, &4 3
By, 4% 1005, 101 K115 BB n KR 5,

1% “2.3.17 TR L6 & o il iy, 1% “2.1.17
TN B S5 AR, T 3 R B IRl
J% RSD {H, THEOIMERR. Bl 2RER AN S B ZRER o A
B i R 2> N 92.21% ~100.37% - 96.82% ~
101.06%- 96.76%~101.63%, “F-YIINFEECER 5N
96.89%-+ 99.14%. 99.40%, RSD {HZ7N 2.51%-

1.65%. 1.70%, /N T 3.0%.

2.3.7 PIEEEERE BT N BEARH
HFIA [R] R AN 45, BUR) — SRR 25 M8 R Gt
5 G1709055) £90.5 g, MEWE, FAT 6, 1%

“2.3.17 WUR T 6 il s, 1% “2.1.17
TR S AR, T OEERR L i AR R AN
B B TR 1 5 5 0 0 oA 0144 030, 2.87 mg/g,
5 6 i BRI RSD H 558 1.77%;
2.20%F1 0.65%.

2.3.8 FEME B LS HEFRRZM AR, $542.3.17
TN AR AR, 4% €211 TR (il ok
PEHEFENE, R OISR, fRIMRETHE SRR
i DMMERR . B BRI AN S BT BRER I 5 &, S5 R WK S,
15 HETH R 25 1 il R 5T £ 53 #UFE 0.14~0.92 mg/g,
B 2 R 5 o0 BAE 0.29~0.67 mg/g, il B0 R i &
SYHBTE 2.36~4.03 mg/g, (HHEZGHL) 2020 SERR T
FRZG R T T € Bl BRI & A T 0.1%, 15
HERE 2T B o IL T A X 3 o) i 4
P B T AR, AR 3 R RO A
HEELHEZER, WK 8.

x5 HRMEER (n=15)
Table S Determination results of samples (n=15)

5 UIHERY (mg-g ") FIBERRY/(mg-g ") RFIBE/(mg-g) ME/(mgg))

sl 0.5 0.4 251 320
$2 021 033 236 2.90
83 0.16 0.40 2.92 348
s4 0.92 0.56 403 551
85 0.87 0.52 3.93 532
$6 035 0.67 371 4T3
N 0.16 0.47 2.92 355
S8 0.17 0.37 352 4.06
89 0.17 0.36 345 398
S10 0.14 0.29 283 3.6
si1 0.15 0.30 2.99 3.44
s12 0.15 0.30 2.94 339
s13 021 043 287 351
Sl4 021 043 287 351
s15 033 0.42 256 331

SRR R 5

e A |':-I
WEEd BRI

tEiEld ST K

8 AE~HEFAREGM ZIETFREEE
Fig. 8 Mean value of each content of Cimicifuga Rhizoma

in different producing areas
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3.1 BiERARIEE

ASEG R FH UPLC VARSI TR 253 Fa SU K 5
A RSy S [FIWTI E 7925, AE 20 min PYEPSERCE
BOTEIE R R0 5, IRSENIER SR I, 320 nm
AR HA %, maNAEROR, BEETR, Ho
MNMERR A B0 R R e el BRI 3 P R0 1R 40 5
FEAEREFF &g BEOR, B FE 320 nm 1K
M. FBIAH B TRIE 5 1 HRE-0. 1 % BRI
LTE-0.1% 05 BRI VRN FE 7K 3 Ty 701) 2R G e it
oy ERR, REIR, LLATE-0. 1% R i
AH, K g A A, BRI ik
FEff e %22 T Agilent SBCis (100 mm X 2.1 mm,
1.8 pm) aiffAE. Waters HSS T3 Cis (100 mm X
2.1 mm, 1.8 um) i%#E . Waters Acquity BEH Cis
(100 mmX2.1 mm, 1.7 pm) iEHIX 3 FOAE
FELRIRE SECRL ) A T - I IR A B R, A5 R
KH Agilent SB-Cis (100 mmX2.1 mm, 1.8 um)
A, S EEE S B AR R
3.2 EYEEMRER ST

AT 15 #HETF R FR SRS AR R 16 1
HAETRGUE, ISR 3 A R, g
SRR BT BR R R SR ARG . AR VRN 4
B, B 3 HEEMXRE AL, HAR T R
SUEITEAR R B o BT PCA ¥4 15 HEFFIRR 2544 43
H2 2K, Kl Xy h—3K, HamXoh—3kK.
it OPLS-DA 73#r#k3| 7 N EFRbndEY, WA
77 X TR A B B & BAFAE — B 2 0, X
FhZE R Be S M AR A KRR RO
TI7 &R RV .
33 BHRSHINES 5

(rREZHY 2020 FRTHBRZ AT T DA R &
&9 AR, AR A B — Js o0 5 AN 2 BA4 T
PR FHBRZ5 A (1) 0T B, WO ST 22 S 4 [ B I 5 s 52
P 2 A R A BT . AN SRR SR
(A b, GG RS W ERR el AR R R e
BRIV A2, AN A BERIE FUAN[R] 7= Hh T R 25 44
iR Z S, SREY, BRILT XA, HAR 4

AN I KT e B R A e B BRI & B 2 R A K
R/ MEM BT 3 £, HP UL T TR
R R A -

AT FCRE TR FG SRS A 2 iy e &
ORI, RETER, ERVERY, S R,
fewm VMR, REA Rt o A AP TR 2 4
JRERIZE RN, 9N E P 1 T+ BRZG 44 1 BT PP 4
WS4,

MBAFR PTAEH P RARAEAETR
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