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Abstract: Objective A method combining high performance liquid chromatography (HPLC) fingerprint with quantitative analysis
of multicomponents by single-marker (QAMS) was established to analyze the contents of five components in Shengma (Cimicifugae
Rhizoma, CR) and realize the systematic evaluation of the quality of CR decoction pieces . Methods The HPLC fingerprint of CR
decoction pieces was explored through HPLC analysis and comprehensively evaluated through a series of analytical methods including

similarity evaluation, cluster analysis (CA), principal component analysis (PCA), and orthogonal partial least squares discriminant
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analysis (OPLS-DA). Isoferulic acid was selected as the internal reference standard for the exploration of the QAMS method, which
was then applied to determine the content of caffeic acid, cimicifugoside, ferulic acid, and cimifugin in CR. The analytical results
calculated by QAMS were subsequently compared with those from the external standard method (ESM). Results In the established
fingerprints for 12 batches of CR decoction pieces, thirteen common peaks were identified and five peaks of them were confirmed,
which were caffeic acid, cimicifugoside, ferulic acid, isoferulic acid, and cimifugin, respectively. The similarity scores for 12 batches
of CR decoction pieces were ranged from 0.92 to 1.00. According to the further calculation of the fingerprints through CA, PCA, and
OPLS-DA, the tested CR decoction pieces can be categorized into two distinct groups. The differential components among the tested
samples were identified as peak 2, peak 3, peak 4, peak 7 (ferulic acid), peak 8 (isoferulic acid), and peak 9 (cimifugin), respectively.
The QAMS method for quantitative analysis of five confirmed components in CR decoction pieces was established, and there were no
significant difference between the analytical results through QAMS and ESM. Conclusion The established HPLC fingerprint and
QAMS were found to be simple, efficient, economical and reliable, which can provide a reference and basis for quality control of CR
decoction pieces and the derived products.

Key words: Cimicifugae Rhizoma decoction pieces; fingerprint; multicomponents by single-marker; external standard method; quality

evaluation; caffeic acid; cimicifugoside; ferulic acid; isoferulic acid; cimifugin
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2 FESHR

21 BIEERH

KH Agilent Zorbox SB Cis (250 mmX 4.6 mm,

Sum) i, PLAKE (A) -BE/KIER (0.1%, B)
REIAH, BRI (0~19min, 2%~7%A; 19~20
min, 7%~12% A; 20~31 min, 12%; 31~32 min,

12%~15%A; 32~53 min, 15%A; 53~54 min, 15%~
23%A; 54~76min, 23%~24%A; 76~78 min, 24%~
60%A; 78~83min, 60%A; 83~90min, 60%~2%
A), FEFUREA 1.0 mL/min, K AR KAEF
(0~10min, 230nm; 10~21 min, 280 nm; 21~34
min, 330nm; 34~56min, 300nm; 56~90min, 370
nm; 90 min, 230nm), FEREA 25 C, BRI 20 uL.
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Table 1 Sample information of Cimicifugae Rhizoma decoction pieces

ka3 iy A o | 4 FE e

S1 K= TR IR R AR AR A A bk 22030131
S2 K= TR A OK  [F 25 G R A bk 22101702
S3 K= TR ARHRM A A RAF BRI 22022502
S4 Ttk BRI A PR A F] BT 23091308
S5 Ttk KPR 25 FR A #) HORIT 230801

S6 K=k TRk I =W IR A IR A A ERIT 2022092601
S7 K=m7t WAL XA IR A IR A A b B23041101-01
S8 K =T Rk AL R 250K A TR A A ik B22090703-01
S9 K =T Rk T AL 25 ) A R A R ik 20230807-1
S10 K= TRk VY V37 4 6 2500 B A R A =) o 2303072
S11 K= TRk YL VGRS RS54 R 2 A IR A 7 o 2306002
S12 K= FF R BEE CEND HAEAERAA ity 230500119

22 iEERHIE

2.2.1 RANRRSIEEPES o BeERR . T
R BIBERR . SRRIARR . THRRZ0 I G &,
FEEMRE, H 50% FF LV A ) B & o MERR 53.15
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ng/mL. FFTEEEZ 138.25 pg/mL. JHHRZE 133.25
pg/mL PRA X IR, emRs, B,
2.2.2 ARSI & BRI R R G
250 2905, MERE, BHEHVT, K
FEIN 10% 0% 25 mL, %%, FEE, #E
K 40kHz, IhZ 240 W) $2HL 30 min, A ZEER
JE FRRRE B, T 10% CREFN IR R HI &, $24D,
€, £ 12 000 t/min &0 10 min, IR, &
0.45 um FFLIEMEIE, BUERIEM, HPAR.
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6 1, 1% “2.2.27 TIN5k 45 2 A 5
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e “2.17 DURNEIEFM, 25 THEE 0. 2. 4.
8. 12, 16, 24 h #EFENIE, DL 8 ‘5 FFldRIR ik
W g 2 MR, 1SR4 381 % S A U P X R B B[]
RSD<1.20%, XTI RSD<3.00%, 7R
AVATRAE 24 h WA e R AT .
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S-caffeic acid; 6-cimicifugoside; 7-ferulic acid; 8-isoferulic acid; 9-
cimifugin.
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Fig.1 Chromatogram of solvent blank (A), mixed
reference (B) and sample (C)
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Fig.2 HPLC fingerprint of 12 batches of samples
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PAsAR (YD, FIEIRE MY (X0, ZhiltadEh
2, BRI 5 AR LRI [V 77 FE Kk
FEVEFE, S5 WFK 2. MBIV, SRis
T AN 5 PR IR LR MR R L UT

2.4.2 FEERGAES  HOHBRTOR (S3) S IA TR
T “2.17 TR %SISR HEREI e 6 IR, e
WERR . FHRREREF. PIZLER. SFZRER. FHAREIE
AL, A5 215 RSD ¥/h T 2.34%, RUMUARAE

P RAT.

243 EEMRE PRI (S3) iR 6
By, $242.2.27 00 R 7 & AR BRI, 129217
TR T S A B 2 T, T SRIIHERR PR EE
BIZEER . ROEEER . FHRRERMIEIAR, THEAS 2R
B8 RSD Y/NT 2.49%, W17 E I BT
2.4.4 FEMERE  BURRRROT (S3) IR,
e “2.17 WURNEIEFAE, 20T HIEE 0L 2. 4.
8+ 12+ 16+ 24 h HEFEIE, TCINMERR . FHRRER
BIZRER . SR UEREE . FHRRE MG, HEARH
RSD ¥J/h T 3.00%.

&2 FHRRIRA T S MRS RILMEEYAHFIE

Table 2 Linear regression equations of five components in Cimicifugae Rhizoma decoction pieces

% EVEpyE R? 2R /(ug-mL ™)
a7 Y=85.111 X—7.3252 1.000 0 1.062~53.12
TERRZ Y=30.606 X—0.005 323 0.999 9 1.182~59.12
R B2 Y=93.698 X—21.522 1.000 0 2.155~107.8
S BRR Y=282.626 X—28.481 0.999 9 2.765~138.2
FHREER Y=46.773 X—6.937 2 1.000 0 2.665~133.2

2.4.5 NFERICRRES B RS 2= TR A
AR (S3)025g, L6, MEWE, &EHERT
TSR SRBTEIE 101 IAZIBRR
gy, % “2.2.27 WURF7 i A AR, 1% 217
TR G b, AR i 0 AR T SRR
FHRRER T PIBEIR . SeRU8ERR . FHRRER DAL I
KA RSD, 45 ER, WNHERR . THRE . PSR
FEBTELER . TR E B INFE RN R 53508 98.5%
96.9%-+ 101.3%-. 100.1%. 101.0%, RSD 4> %lAN
2.48%-. 1.00%-+ 0.55%-. 1.63%. 1.03%, FHi%%
M 72 I HE R B R AT
2.4.6 HXEIERT () [E  CLRBTEEEE K
NS, I “2.4.17 DU &MERRFELRER, 77
BIHE NSV BB R SUNEERS . FHRR . PSR
B2, FHRRERI 20, SR WK 3. 5 EIR, WnHEER
TR BB FHRRE - F35ME 53515 0.984 6.
0.3799. 1.134 5. 0.561 1, RSD #J/hF 2.00%.

Jei=fo/fi=Ce X Ai/(Ci X Ac)
A NN SYIETIR, Co ANSIREE, A AR i g
AR, CFLtb Ry i (RS
2.4.7 foili FHMEHE LR

(1) A [ & R i ORISR £ 152

FT3 4TS fuMEER

Table 3 Relative correction factors of four components

==
U5 fammmm [ oemmmovees [ semamam SR

1 1.000 6 0.366 2 1.1590 0.561 4
2 1.002 4 0.3758 1.1258 0.572 1
3 1.016 6 0.372 1 1.1423 0.5539
4 1.020 9 0.369 1 1.1190 0.548 4
5 1.025 6 0.366 4 1.1249 0.5653
6 1.030 0 0.369 6 1.136 1 0.5659

TFEME 10160 0.369 9 1.1345 0.561 2

RSD/% 1.19 0.98 1.29 1.54

Wi s RIS 4% 7 A2 A 1200 BYRIEAL 3100 Y
2 FhAS [ 1) i O A €4 LA K. Agilent Zorbox SB
Cis (250 mmX4.6 mm, 5 um). Waters-Symmetry-
Cig toiEH: (250 mmX 4.6 mm, 5pm) (3 ERFRT
/A]); SHIMSEN Superb IT Cs a4 (250 mm X 4.6
mm, Spm) (HASEAF) 3 AR P EEHRT £
[R5, W3R 40 ANFEUXES Z TAAIAS [F) Bt 2 0] o
(¥ RSD BT 2.5%, W 4 Flsisr i) for CEA R (2
W R G BA R .

(2) AAETEREFEEXS £ IR 358 55 5
ORISR (204 250 30, 35 C) X fis
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s, WK 5. g5 R R, ANFE GRS E 2 H
foi 1] RSD BMET 1.00%, R 4 Fl0 1 foi 76
ANFE R EE AR (20~35 C) FEA BIFRIM
F .

(3) AEMAFURL XS for BIREMA 3058 53 51

WA T AFAEBRE (0.8, 1.0. 1.2mL/min) F
4 TR fony WK 6. SR EIRN, AREMEFR
&2 [A] fo; ) RSD ¥ T 1.00%, FHH 4 Fhplsr
) for EARFEAFR R (0.8~1.2 mL/min) F &
A R M

R4 NEULB[MEIEEXS for BTN

Table 4 Effects of different instruments and columns on relative correction factors

& (R I svmmimie I swmmy/sn I smmnm f swmmiz
ZHELR 1200 Agilent Zorbox SB Cis 1.0228 0.364 2 1.1348 0.565 1
Waters-Symmetry-Cis 1.0194 0.362 8 1.134 4 0.557 6
SHIMSEN Superb II Cis 1.0143 0.361 6 1.1193 0.564 3
X 3100 Agilent Zorbox SB Cis 1.027 5 0.3739 1.124 7 0.563 0
ARl - 1.0210 0.365 6 1.128 3 0.562'5
RSD/% - 0.91 2.38 0.34 0.16
x5 TRIBEFTIRI fui 720
Table 5 Effects of different column temperatures on relative correction factors
R/ C S s [ sesmm/snnie S semmm/srm f smmmrnn
20 1.016 5 0.358 9 1.1258 0.559 8
25 1.022 8 0.364 2 1.134 8 0.565 1
30 1.016 1 0.360 0 1.128 0 0.563 1
35 1.012 6 0.3599 1.124 6 0.5610
I ME 1.0172 0.3614 1.129 1 0.563 0
RSD/% 0.51 0.68 0.46 0.36
&6 TRIFFRERT foi 200
Table 6 Effects of different flow rate on relative correction factors
PRFR I B /(mL-min™") I ssvsmmmun I vt  wesm/am f s/
0.8 1.0170 0.364 7 1.1220 0.562 2
1.0 1.022 8 0.364 2 1.1348 0.565 1
1.2 1.0137 0.364 3 1.1218 0.562 1
FME 1.017 8 0.364 4 1.126 2 0.563 1
RSD/% 0.46 0.07 0.66 0.30

248 OikIEEL QAMS ik i Y (i i
RLITVERAIRT R BRI TE] i) V0820, B8R A fie
VEIEAT 4 P 0 g e Ar, 43 vt SRR |
FHRRE T PIBHEIR . FHRR XS 2 B W) Bl R RR 1) A
SRR (fe), W 7. EREIR, MR, T+
FRETFF. BUBRER. ThR 2% S 8 5 Bl SR (A AH %o
{RBEIE Cae) 539004 0.606. 0.801. 0.915. 1.074,
RSD ¥/ T 0.20%, KYIRHAXEREE R TE] (he)
AT (0 e A B AT AT

2.4.9 FEMEENE MR B 12 #LXTHRRIR
FFEan, % “2.2.27 BUF J7iE61 49 240 5 S

W, KA “2.17 TR Bk KA b, R
1 ESM #1 QAMS &R i o 5 Fhpli o & & (3
BT A NN S i BSM IE & 8D, JF
Eeie 2 A7k E 25 3R 1 RSD,  [AliFiz ) SPSS
24.0 Gt B SIS T k58 7 iEN R — 2 53
2 PO TR EAE AT 00, LA P RN ESE 2
FhTERT RS RN E R LR, WK 8. SR ER P
fH35>0.05, K 2 Mo airng R M EZE
Sy 2 FhOTVEDE S5 B RSD ¥/ F 3.50%, Ui
B QAMS |52 F+ R R Fr o 5 B s o3 & B 10 7 v i
T E R AF .
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RT 4 PRSI REBEENELS R

Table 7 Relative retention time of four components

=
W5 taswsean @ aprssman Eawsman [ ans/sEam

1 0.607 0.800 0.916 1.074
2 0.606 0.800 0.915 1.073
3 0.605 0.800 0.916 1.075
4 0.606 0.802 0.915 1.074
5 0.605 0.800 0.915 1.074
6 0.605 0.801 0.915 1.076
FHHE 0.606 0.801 0.915 1.074
RSD/%  0.15 0.08 0.04 0.08

3 g

AHFFARIEAFPE K (230, 280, 300, 330.
370nm) NIRRT RS kg ) AR
e TR IRNS,  [RIE =5 RS 2 i o) B i [R] & 43
ks, IR GUEE A ki y . e
FE R VETAR AR R, KRR E . BEMURRRE . WE &
TBN AR RS (0 S5 A AT T 0. S5 R B tifb
R G IR SRS S T E AR .
ARG e oy B RE TR 4

B 8 3ok R A I8 48 S0 B Hh (0 e 1) 2 FE

#8 QAMS 5 ESM SEMELER
Table 8 Content determination results of QAMS and ESM

" INAERR/ % FHRE /% R BRI/ % FHRF /%

di's  SEPIELER/%

ESM QAMS RSD ESM QAMS RSD ESM QAMS RSD ESM QAMS RSD
S1 0.149 0 0.0150 0.0159 1.93 0.0121 0.0120 0.54 0.0251 0.0258 1.85 0.0600 0.0605 0.66
S2 0.147 1 0.0148 00157 1.94 0.0053 0.0053 0.54 0.0216 0.0223 226 0.0705 0.0710 0.55
S3 0.137 8 00113 00121 238 0.0094 0.0093 0.59 0.0153 00161 338 00865 0.0870 0.40
S4 0.1513 00151 0.0160 1.93 0.0017 0.0017 0.51 0.0236 00243 203 00256 0.0262 1.60
S5 0.1520 0.0142 0.0150 2.03 0.0097 0.0096 0.52 0.0198 00206 252 00731 0.0737 0.55
S6 0.158 8 0.0144 0.0153 2.03 0.0008 0.0008 0.44 0.0214 00221 233 0.0465 0.0471 0.90
S7 0.117 1 0.0152 0.0160 1.73 0.0016 0.0016 0.69 0.0164 00171 298 0.0179 0.0184 2.09
S8 0.1175 0.0148 0.0157 1.77 0.0070 0.0070 0.71 0.0163 0.0170 3.02 0.0129 0.0135 2.97
S9 0.1152 0.0135 00143 1.91 0.0032 0.0031 072 0.0152 00160 326 00178 0.0183 2.10
S10 0.1152 00133 00141 1.93 0.0027 00027 071 00156 00164 3.16 00139 00145 2.72
S11 0.104 6 0.0108 00115 226 0.0030 0.0030 0.80 00146 00153 335 00118 00123 3.17
S12 0.117 1 00126 00134 2.04 0.0028 0.0028 0.70 0.0169 00177 2.87 0.0160 0.0166 2.36

S CAUMEERR . FHRRZRH . FIZRRR . SFEER. THR
SR ONTERR, RUOSERREUT N GBS 30 min. i
i 60min. KIBHIF 1 h ABIIF 2.5h) FEEHE
7 (10%L01E 30%28% . 50% 88 ) . Bk (1:
30, 1:40. 1:504 1:60) #E4T 7 %52, [FIN7ESKL
I FE R DK I RGEE = FBCRER S &
Fhosr, T 13 AU R IR ET R, AT REARIE 13 X
FA3AE iRyl R A AR T A i S B B R B g 012 4
WL ML R E IR LL 10% L AIRIGAER . B
30 min. BHELE 1140 B, FESUEE AR
EREEEAE. H S MEMRB NS EERE. 2
AT SRR R, B, #hE “2.2.27
TR 792 9 Bk i Vs v o) % 7

T LiRSEIG&F, AW T ET HPLC
AR S R 12 LR TR FR SR i,
WhE 1 13 NI, S HER Z AR S MELE 0.92~
1.00, UtBHFET 13 NG 0BT B FHRRAJO T o & 2%

SRRV, BTSSR SUEE AR T R, T T
FERRR A B S R A 2 . @it CAL PCA
F1 OPLS-DA 7341, 12 #LFFRRIR A AT 43R 2 2%, 45
FEFHARRF, oA e o 75 ARORTER VT A TR
LT HIFERR R 43 VAR — 285 SRR R AR R
R R ZE R ROR, B[R PSRBT BRAR At R
Az, X AR A B SR04, PR A
AIREER2, I T SR PIE R R A K

NPV AR T R, AR FRARIA T
R R FR SIS HR ) S By, A inmeERR .
FREF . FIBERR. SRIEEER. FHRER, JReESr TR
S RABRLR 9 N S VEN RO B S s
11 QAMS Tk ITIEEAF IS il
FE AR AR E T A A 1 R A, RTEE N
R TR TR TH RO T

w24 Joi £ 4 1 RN PEAN A2 1 2w 25 BARAL R R
OBl —, (hrEZH) 2020 FRHS
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AR I R VE AR HEI AN 6 8, AR —E R LA

29 7 2 B R R S [ BRAl HERR A, I A R

WK R BIFREL CRHIE) BRI QAMS V2 5 AN

G RGP 2T IR AL TR A %,

WIBHAS 2] 1 FE P HM 24 R SSEE AT R I S-261, A

FORSLITHRRYOT HPLC FRECEIEA QAMS 7]

DN BT TH R (5 B PP A A 2R S 25

JREARER R TR T 255 .
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