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different parts of Radix Paeoniae Alba using ultraviolet-visible spectrophotometry, and a method for
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simultaneously determining the content of six components using ultra-high performance liquid chromatography
(UPLC). Methods With gallic acid as a reference substance, the contents of total tannins were determined by
ultraviolet-visible spectrophotometry. The contents of six active ingredients, namely gallic acid, catechin, albiflorin,
paeoniflorin, pentagalloyl glucose, and benzoylpaeoniflorin, in different parts of Radix Paeoniae Alba were
simultaneously determined by UPLC. Using paeoniflorin as an internal reference, the results of quantitative analysis
of multi-components by single marker (QAMS) and external standard method (ESM) measurements were compared.
Hierarchical cluster analysis (HCA), principal component analysis (PCA), and orthogonal partial least squares
discriminant analysis (OPLS-DA) were employed to analyze the content of total tannins and six active ingredients.
Results There were differences in each component in different parts of Radix Paeoniae Alba. The order of total
tannins and total contents of 6 active ingredients from high to low were as follows: skin>rhizome>taproot. The
order of paeoniflorin from high to low was as follows: rhizome>taproot> skin. There was no significant difference
in the content of gallic acid, catechin, albiflorin, pentagalloyl glucose, and benzoylpaeoniflorin by QAMS and ESM.
HCA, PCA, and OPLS-DA analysis could clearly distinguish different parts of Radix Paconiae Alba, such as taproot,
rhizome, and skin. Through OPLS-DA, catechin, total tannins, and pentagalloyl glucose were identified and screened
as three key differential biomarkers. Conclusion The established method is fast, accurate, simple, efficient, and highly

specific, providing a reliable basis for scientifically evaluating the quality of Radix Paconiae Alba.

[Keywords ] Radix Paconiae Alba; Different parts; Content determination; Ultraviolet-visible
spectrophotometry; Ultra-high performance liquid chromatography; Hierarchical cluster analysis; Principal

component analysis; Partial least squares discriminant analysis
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Table 1. Sample information

5 HARERRGES ERGS RESS NGNS
1 BSO1 2601 GJo1 WP01
2 BS02 ZG02 GJ02 WP02
3 BS03 2G03 GJo3 WP03
4 BS04 2G04 GJ04 WP04
5 BSOS ZG0s GJO5 WP05
6 BS06 2G06 GJ06 WP06
7 BSO7 2607 GJo7 WPO7
8 BSOS 2G08 GJos WP08
9 BS09 2G09 GJ09 WP09
10 BS10 ZG10 GJ10 WP10

2 HEEER

21 BREREENE
211 ARSI R AR &

K 2 Bk BT & F R 6 R A 50.154 mg, B
100 mL Bt iy, MRS A 1 mL FREF
Fik 455.398 ng BN IR SHIE 4508 KSR B LR XS
IR AC U 5 mL, B 50 mL AR, K
AR 1 mL AR THR 45.540 pg AN IR S VAT
2.1.2  BEX sk 09 h) &

WEAMNSFEMRBARA10g, KEKE, &
250 mL AR, K 150 mL iCE %, A
AhEE (T 250 W, HiiR: 40 kHz) 10 min, J
WK ZEZIBE, &5, WE i EAYUOE, 18
A IFFEEWIIER 50 mL, FRRGE R EEIER 20 mL
B 100 mL BRI, K2ZIE, 75, .
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Y=0.144 5X+0.000 4, r=0.999 9, ZEREH], BT
FRTE 0.911~9.108 pg/mL ¥ P LM C R R If
2.1.4  BARME Tk

KRR AR 2 mL, E 25 mL BE A
Mrp, A8 2137 WRAEE, A O“SIMABEH
BRI 1 mL” B, 7K 10 mL, HEEIEWOGEE
RASRHER LT R A s R P B TR A &,
YR B
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T 100 mL HEEHIEH T, %% T 30°CK
WS 1 h IR I REE; BUB G , BEAIRNER,
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WERE, ARASRE R AL R R T
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T3 e — AN SR Y 22 1 i
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MW, JHRER 2,147 TR gk AE S
Frio SRR SR 58 4.58 me/g, RSD
H1.16% (n=6) , FRIZSITEESERLF.
21.6 FE TR

BRI (485 2G01) T i,
IYHIEO. 0.5, 1, 2, 3, ShifE] 4, i “2.1.4”
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1.34% (n=6) , FHHLLMEWAE S h WFEtE
[ER/To8
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WA, FEHR “2.1.27 TRy ikl A A
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Ao SR T T2 ISR 98.38%, RSD A 1.11%
(n=6) , SERFRUIAEIDIER LA,
21.8 FromimlE
B30 HEAE AR IR TR, AT TR A X
it SR RSN TT WL 3 Bk I S e i v SR 5T
i, AR ILE 2, SRR, HATAMNR R
BE S e, MREERZ, FAREAR.
x2 BATRRMIEAEREE
MELERRK (mg/g, n=3)
Table 2. The determination results of total tannins in
different parts of Radix Paeoniae Alba (mg/g, n=3)
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Gt i G5 i Gt i
(mg/g) (mg/g) (mg/g)
7G01 4.50 GJo1 10.82 WPO1 19.86
7G02 1.77 GJ02 7.77 WP02 16.71
7G03 2.89 GJO3 9.55 WP03 17.83
7G04 3.51 GJo4 9.23 WP04 20.25
7G05 1.57 GJO5 7.32 WP0O5 18.58
7G06 4.59 GJO6 10.71 WP06 17.23
7G07 4.05 GJO7 9.08 WP0O7 20.33
7G08 4.43 GJO8 9.87 WP0O8 19.36
7G09 5.54 GJ09 10.99 WP09 18.57
7G10 2.64 GJ10 8.14 WP10 15.06

22 —MZIEENEHERRTSE
221 &IEEH

{0 3 4. Waters ACQUITY HSS T3 #F
(100 mmx2.1 mm, 1.8 um) ; WM HH: &G
(A) -0.05% BEFRAW (B) , BEEEVEME (0~0.5 min,
T7%—14% A; 0.5~2.5 min, 14% A; 2.5~4 min,
14%—16% A; 4~6 min, 16%—23% A; 6~8 min,
23%—36% A; 8~15min, 36%—50% A ) ; k.
0.40 mL/min; F:E: 30°C; R : 230 nm;
EFER: 1 L.
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Iy RS EARBOT IR TR . JLRE . A
YNER T AT KRBT 2SRRI
ARG, I B EE 1 mL 457 80 g MU
W, ENfg.
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C
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Figure 1. The UPLC chromatogram
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2. )L%F; 3. A NER; 4 9% 5. ARR TR HE; 6. KPEL

Sk o

A) B)H o
225 KMEEZER

PO TR . LR . ATZINERTT .
AT KRB AT AT . OB T IR A A A S
i, WEPRE, I EEH R 1 L R E T
1% 409.145 pg. JLZSZ 306.721 pg. AizhINmE
498.722 ng. AT 549.531 ug. W AT 25 1
419.250 pg. FU BT A ] 405.415 pe MR
B BRI R . A B IR IR TR S 0T RE S A TR
05, 1. 1.2, 3mL, 44l % 50, 25. 5. 5.
5 mL I, AU B BN R 2R &
XTRE SRR . FRBE “2.2.17 T (448 S5 e AR
FE L, DIGERE R B O R AR R (X, pg/mL) | U
AR (V) HEATERMERNIE, FrigbridE
LR DL AR MRS I L 3. 45 SRR, X 6 R AL
TR TERS FHRBEE RN MR RAf .
22,6 A5E IR

KW HL “2.2.27 TR X RE SRS MR, R
“2.2.17 WM EGEAMFEE IR 6 k. TR
B, JLZER. AANERTT . AT, R
ATEGH . TR I A W TR AR Y RSD 43|
7 0.41%. 0.33%. 0.29% . 0.37% . 0.75%. 0.58%
(n=6) , ZERFWNIHEEE RIT.
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R3 6MABMASEMEERER

Table 3. Results of linear investigation results of 6 active ingredients

Xof B ity RIS r AN (pg/mL)
BEFR Y=5.491 3X-2.360 0 0.999 9 4.091~409.145
JLAER Y=8.421 9X+5.314 4 0.999 9 3.067~306.721
A5 N S Y=3.560 8X-7.440 4 0.999 5 4.987~498.722
AT ¥=3.556 1X-3.492 9 0.999 8 5.495~549.531
BIRC ol kit Y=5.773 7X+0.213 9 0.999 8 4.054~405.415
AH AT 21 Y=5.471 7X+1.917 4 0.999 7 4.193~419.250

227 FHMHIRE

BCERRES (45 Z2G01) MK 04 g, 1%
MR 92237 WUR I FATHIA 6 rlaism, Jf
PR 922,17 TR AR EREIE . RSN E
TR IUAER ATENBRTT AT R AT 1
HIEE B 5 095, 0.82, 891,
28.33. 0.88. 6.05 mg/z, RSD4Y 5K 1.74% . 1.81%.
0.63%. 0.77%. 1.85%. 1.76% (n=6) , 4iRF 0]
L EE MR,
2.2.8 AT MHIRE

BCERMEA R (45 2601) T=EET
HCE, AEO0. 2. 9. 16, 22, 24 h INFJa] SR,
PR 922,17 TR AR EREIE ,, RSN E
TR . JLAER . NANERE . AT RHEEATZY
1 BT B E T AR RSD 435728 0.70% |
0.54% . 0.97%. 1.09%. 1.95%. 1.25% (n=6) ,
SRR A 24 h INFREME R AT
229 WDKK FRRXE

VAT B RS (4% ZG01) Bk
202 g, KEE, 7614y, MASGHEMSPE
AR AT IR S, I8 92,237 TR ikl At
AR, IR “2.2.17 TT (il SRR
IHRRRE TR, JLASE . AZNERT . AT25F.
AHEEAT 25T VT A AR A 7 2 [l
TR 93.02% . 93.35%. 96.57%. 97.62% .
98.74% . 98.09%, RSD %y % A 1.95%. 1.77%.
1.90% . 1.05%. 1.01%., 2.29% (n=6) , 4% %
AIZ 5 75 ISR KA

2210 AgXARERFHE

PIATEGTE AR, FAS f=f/6=(C, x A))/
(Cx A) THHAX R IEF T, o AR C, 4300k
BRI 2T TR B, A, R C S Fpil g
TR AR AR B . ARl “2.2.57 TR EE AR
JITAS 4 25 X St TR B B X I e TR, TR AT 2
THERETR., LER. NANBET. HIXET
P 76 25 W B A FR AT 245 1 () 1 AR X A I PR 43
8 0.65, 042, 1.02. 0.62, 0.64, RSD 435N
0.96%. 2.61% . 1.84%. 0.54%. 1.17% (n=6) .
2211 wRABRER

(1) Wi, AT IS, 435I7E 0.38.,
0.40. 0.42 mL/min B P EREFIR. JL
KRR NZNERTT . O E TR A RTR H
ATETHF IAAEXT L B8 B (] S5 A RS IE R -, 455 0
4o ARG ARXT R ER ISR RSD 7351124 0.45% |
0.28% . 0.20%. 0.04%. 0.06% (n=6) , FXK
1E K9 RSD 43 51 H 0.71% . 0.48% . 0.30% .
0.39%. 0.65% (n=6) , VLEHAIEFEE X ik 5
Tl 53 A X £ B B ] S A 6 A% 1 PR3 T
ES AR

(2) ¥Elke DIATEH RS, 3 5IHE 28,
30, RCHWAHERTMEEE TR, ILEE. A
NIRRTt 2 W AR A PR AT 24 4
FAEDOT O B B TE] S AR R IE R -, S5 2R L3 5.
5 B 43 A AR B B[R] B RSD 4350 R 1.15%
0.49% . 0.18%. 0.19%. 0.37% (n=6) , FHXTEL
1E K89 RSD 43 5 h 1.96% . 1.61% . 0.55% .

F4 AR EXT A X OR B B 18] S AR X R IE B F RS2 0E (=2 )
Table 4. The influence of different flow rates on relative retention time and relative correction factor (n=2)

X B i ] HXTEERE T (%)
i (mL/min ) HBRET AR HBRT KR
WETm  JLER  AJZNEE WRTH  ILERR AN
BT LSRR AR e BT LR NAABRE A
0.38 0.258 0.625 0.868 1.504 1.982 0.637 0421 1.012 0.637 0.620
0.40 0.260 0.628 0.871 1.505 1.982 0.641 0417 1.009 0.640 0.613
0.42 0.260 0.628 0.871 1.504 1.980 0.632 0.419 1.006 0.642 0.620
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R5 AREAERXTHEXTOR B B 18] S X IEE FRISNE (n=2)
Table 5. The influence of different column temperatures on relative retention time and relative correction factor (n=2)

AT (R B 1] FXT R T (%)
BB (C) AT AT AT TR
WETH LR NN Y wRTm LEE AN w

- N meaE AR - N e A

28 0.263 0.622 0.873 1.500 1.993 0.642 0.406 1.002 0.637 0.628
30 0.260 0.628 0.871 1.505 1.982 0.641 0.417 1.009 0.640 0.613
32 0.257 0.624 0.874 1.505 1.996 0.620 0.418 1.013 0.650 0.617

1.06% . 1.25% (n=6) , ULBHAN[EIFEEXT ik S
Tl 0 A X A B B[] B A AR 1E PR 72 6
FR

(3) %% LA RS, 430k A
A W TR, JLRE . AR .
TV I AW AR R AT 24 B AE X R R
A S AR A IE R 7, 2553 6. 45 B AH T
PREEEFIR] Y RSD 43531 4 1.44% . 0.46% . 0.52% .
0.85%. 0.13% (n=6) , #HX} K 1E K+ ) RSD
3 9 M 0.41% . 0.73% . 0.43%. 1.01%. 0.52%
(n=6) , VA ARFUCESXT EIR 5 Fhasr By AH %t
LA B B 1] B ARG TE PR 34106 i 35
2212 @EET L

B RN [FSLES AN [ JE 3 FAS [ A 3 Y
AHXT R B BRI ME, e E TR, ILAE.
ATEGINBETY . 0% B Ik 4 A0 R HE A 24
T AOARXS R B B TR 53304 0.26., 0.63 . 0.87, 1.51

2213 AHRFHALETMELER

W30 HEFAATRERD, #2218 “2.2.37 TR Uik
il g5 ALK A VA W, JF R IR “2.2.17 UK @i A
PEEEREINSE , DIATEH NS, 25k ISR
s (external standard method, EMS) #1 — il £
PF#% (quantitative analysis of multi—components by
single marker, QAMS) IHHEEE TR, JLAAER.
ATERNBRH . LRI A AR P AT 25
A, JF BRI AR 22, 4551
WA 7. APRER, AATHIMR AR AR
WREEMSI L 6 T 80 il 2 45 SR A7 A —
EZESE, VUATEGH 6 Mooy s AN 48
b, ATEGH SR R BRI AR ZE > AR>Sk
B s 6 FlA ROy S b s BRI Sy S B >
MRZE> FAMR . WFPIENERBE TR JLAEER .
ATERNBEH . OB T I A A R AR Y IBEAT 25
1 B S AN 22 /N T 5.0%, Ui P RR 7 ikt

F11.99, AR TN E 2R, QAMS MER R RIT .

6 AELERXTHEXTGR B B 18] S X EE FHISZIE (=2 )
Table 6. The influence of different instruments on relative retention time and relative correction factor (n=2)

AT (5 B 1] HAHRETE T (%)
e RET KT EET KT
WETH LEE AN BETH LR MBS

- U megAEE ATZE - U meE A
Thermo Vanquish 0.260 0.628 0.871 1.505 1.982 0.641 0.417 1.009 0.640 0.613
Agilent 1290 0.267 0.623 0.88 1.529 1.987 0.642 0.413 1.001 0.646 0.619
SHIMADZU LC-40D 0.261 0.623 0.875 1.525 1.986 0.646 0.419 1.002 0.653 0.614

xR7 BATRREBMIEENELERF (mg/lg, n=3)
Table 7. Table of the content determination results of different parts of Radix Paeoniae Alba ( mg/g, n=3 )

TR IS AT NG TR BT A A BEAT 2
6FI LS
P — AHRT AT AHE AT ARXF e
: ESM QAMS {2 ESM OQAMS {2 ESM QAMS f@2: ESM QAMS f#2:  ESM QAMS fhZ ;EMS)
(%) (%) (%) (%) (%)

ZG01 2896 185 186 0.27 041 044 353 6.02 607 041 8.61 815 274 1.03 111 3.74 46.88
7G02 2507 1.67 1.64 091 025 023 417 526 532 057 773 745 1.84 093 087 3.33 40.91

ZG03 3171 1.14 1.15 044 096 097 052 11.11  11.24  0.58 507 521 1.36 .15 1.07  3.60 51.14
7G04 2738 188 191 0.79 048  0.51 3.03 442 433 1.03 766 779  0.84 125 133 3.10 43.07
ZG05 2693 1.75 1.80 141 047  0.51 4.08 435 447 1.36 770 742 1.85 133 1.24 350 42.53
7ZG06 2395 1.70 1.73 087 030 033 476 6.67 673 045 7.18 688 213 1.00  1.00  0.00 40.80

7G07 2499 142 143 035 032 032  0.00 488 488  0.00 7.65 773 052 095 088 3.83 40.21
7ZG08  31.71 133 136 1.12 089 092 1.66 1035 10.55  0.96 523 501 215 1.05  1.11 278 50.56
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ik
WETR JLEE AJZINTR T R FEEE A ARH AT 2 1
6F1 L
- AHXT HEXT X FHXT X M
T ESM QAMS W2 ESM QAMS fi2:  ESM QAMS {2 ESM OQAMS fi2:  ESM QAMS {2 ‘(::M%)
(%) (%) (%) (%) (%) *

ZG09 2869 185 1.83 0.54 039 034 6.85 5.96
ZG10  27.63 155 1.53  0.65 041 038  3.80 6.73
GJo1  33.62 239 236 0.63 150  1.56  1.96 8.02
GJ02 3941 3.60 352 112 082 090  4.65 3.46
GJO3 3599 281 276 0.90 .16 1.12 175 5.18
GJo4 3459 278 275 054 124 1.28 1.59 5.31
GJO5 3790 3.17 323 094 1.08  1.05 1.41 5.49
GJO6 4044 298 293  0.85 1.82 1.82  0.00 8.62
GJO7 3821 345 3.66 295 190 206 4.04 3.74
GJO8 3724 298 296 0.34 173 1.81 2.26 8.59
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WP0O5 20.66 0.68 0.64 3.03 1.99 205 1.49 62.05
WPO6 1574 058 0.61 252 206 213 1.67 45.33
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WP10 2344 084 0.81 1.82 213 217 093 53.83
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7.86  1.01 9.12  8.87 1.39 1.78  1.85 193 56.43
3.53 1.00 13.51 12.64 333 135 149 493 62.15
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549  1.67 1234 13.04 276 1.74  1.69 146 58.00
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8.48  0.82 1095 1047 224 186  1.73  3.62 66.67
392 235 14.06 1459 1.85 1.64 156 250 63.00
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70.69  0.73 8.76 824  3.06 077 075 132  109.68
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4123 273 536 5.04 3.08 087 092 279 56.69
53.47 228 6.88 629 448 0.66 0.63 233 81.53
60.77  1.04 925 946 1.12 082 088 3.53 95.45
4454  0.88 733 7.63 201 072 076  2.70 71.76
5739  0.76 6.13 655 331 096 1.05 448 96.33
56.56  1.30 599 643 354 0.78 0.86  4.88 90.84
4824 146 516 487  2.89 0.75  0.68 4.90 79.84
5426 0.40 6.25 6.39 1.11 0.91 1.00  4.71 87.40
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Table 8. Contribution rate of characteristic roots and
principal components

FGr  RHEE TETUIRCR (%) R 2E50R (%)
1 4591 65.584 65.584
2 1.634 23.338 88.923
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Figure 3. PCA gravel chart .
R0 EMHEFHEEN *
Table 9. Principal component factor load matrix &
W R R 5 o
WEFmR 0.937 0.216 o
IR -0.631 0.718 ~1007 o
PTGl s ~0.924 0318 e
AT 0.864 0.374 2,001
FO B T IR A 0.676 0.587 200 -1.00 122052\ 1 100 2.00
IR BEAT 25 0.827 0.344 B4 ERSESSHE
BRI ~0.758 0.606 Figure 4. Score plot of principal components
F10 £ HF5
Table 10. Principal component score
Gy F G F 52 £k FHG1 FHG2 G F G F G2
7G01 0.42 -1.22 GJo1 0.55 0.47 WPO1 -1.35 1.23
7602 0.12 -1.14 GJ02 1.26 0.53 WP02 -1.34 0.64
7G03 0.51 -0.95 GJo3 0.83 0.45 WP03 -1.48 -0.55
7G04 0.45 -1.31 GJo4 0.92 0.67 WP04 -1.57 0.37
7G05 0.49 -1.42 GJos 1.01 0.32 WP05 -1.20 0.68
7G06 0.20 -1.64 GJo6 0.89 1.22 WP06 -1.32 0.06
7607 0.09 -1.27 GJo7 1.08 1.45 WP07 -1.16 0.50
7G08 0.39 -0.66 GJos 0.96 1.20 WP08 -1.24 0.55
7G09 0.34 -1.28 GJ09 121 1.14 WP09 -1.40 0.14
7G10 0.27 -1.63 GJ10 1.18 1.22 WP10 -1.10 0.24
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Figure 5. Model permutation test diagram
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