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Study on Comparison and Quality Evaluation of 5 Kinds of Components in Different Commercial
Specifications Herb Pieces of Paeoniae Radix Alba Based on Principal Component Analysis Coupled with
Cluster Analysis

SHI Yanbang'?, LIN Xiumin'?, WANG Shengchao!, ZHANG Zhenling!***, CHEN Jingjing'?, HAN Ningning',
XIA Yunlingl, WANG Ruishengl’Z(I.Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China;
2.Henan Research Center for Special Processing Technology of Chinese Medicine, Zhengzhou 450046, China; 3.Co-construction

Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases by Henan & Education Ministry of PR.,
Zhengzhou 450046, China)

ABSTRACT: OBJECTIVE To establish an HPLC method for determination of 5 kinds of chemical constituents in Paeconiae
Radix Alba. Comprehensively evaluate the quality of different grades of Radix Paeoniae Alba, and provide a reference for the
research on the commercial specification grade standard of Radix Paconiae Alba. METHODS The HPLC were performed on a
SunFire® Cis column(4.6 mmx250 mm, 5 um) with the gradient elution of acetonitrile(A)-0.05% phosphoric acid aqueous(B).
An external standard method was established for simultaneous determination of 5 chemical components in Radix Paeoniae Alba,
including gallic acid, albiflorin, paeoniflorin, 1,2,3,4,6-penta-O-galloyl-B-D-glucose(B-PGG) and benzoylpaeoniflorin. A
principal component analysis(PCA)-cluster analysis(CA) model was used for multivariate statistical analysis. RESULTS The
average contents of 5 components in 5 grades of Paconiac Radix Alba slices samples(first-rate-quality product, second-rate-
quality product, third-rate-quality product, gradeless and uniformly-priced goods and fresh cut pieces) were as follows: gallic
acid(1.0009, 1.0164, 0.9496, 1.0397, 0.9747 mg-g™'), albiflorin(5.000 6, 5.336 6, 6.1240, 5.4498, 9.9222 mg-g™"),
paeoniflorin(30.212 9, 29.478 3, 30.186 7, 29.516 6, 35.251 1 mg-g™"), B-PGG(3.250 3, 2.498 1, 3.704 9, 3.736 9, 3.710 0 mg-g™")
and benzoylpaeoniflorin(0.651 8, 0.754 7, 0.782 0, 0.711 3, 0.748 9 mg-g™'), respectively. The results of PCA showed that the
fresh cut pieces were relatively better, but the scores of other grades did not reflect the positive correlation with itself level. The
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results of CA showed that the samples were divided into 5 categories while the judging distance was<S5, and the 11 batches of
fresh cut slices were clustered into a single category and other levels interact into 4 categories. CONCLUSION The method
has good repeatability, accuracy and recovery. Using the 5 component content as indexes to evaluate the quality of different
Paeoniae Radix Alba slices samples based on PCA-CA can provide the reference for the products of standard specifications of

commodities of Paeoniae Radix Alba.

KEYWORDS: Paconiac Radix Alba; specification and grade; principal component analysis; cluster analysis; content

determination
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Tab. 1 Source of 55 batches of Paconiae Radix Alba sample

5 FHMME F4R/mm X AL
BNS-1~BNS-11 &Y AN BRI RN 11
BI-1~BI-11 — % 14~18 FRUEEM 11
BII-1~BII-11 3 8~14 TR 11
BIII-1~BIII-11 =4 6~12 LR M 11
BYTH-1~BYTH-11 (37T B NS ] FRUEEM 11
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1.O0mL-min™'; A 30 C; Al 230 nm. i
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Fig. 1 HPLC chromatograms

A-—standard solution; B—sample solution; 1-—gallic acid; 2-albiflorin;
3—paconiflorin; 4-B-PGG; 5—benzoylpaeoniflorin.

2.2 S VTR A A%

S E 25 2015 4ER “EHATT TR R A
M, AEEAOE HATHE 0.1 g, # 50 mL &
A, IR C B 35 mL, #8575 (500 W, 50 Hz)30 min,
BV, INHE CBERERY, FRA), JER, EREEIEWR,
if 0.22 um THALUERE, RITS.

2.3 TR HE S VAR A

K% PR X B TR . AT R .
B-PGG FIARHITRATZH, 4 3.28, 6.48, 4.02,
2.70 mg, ZMBIET 10 mL EHP, @i FEEEE,
5 00 B B 4 W 0328, 0.648, 0.402
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3.86 mg, OIEHFEEE AT 1 mL &IFN, Bl bk
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Tab. 2 Regression equation

=L/ o= 7 A2 r ANl g
BETmR Y=2.90x106X=3.55x10> 0.9990 0.032 8~0.270 0
AJENBEETE Y=1.11x10°X=7.10x103  0.999 8  0.064 8~0.558 0
AT Y=1.37x10°X=7.57x10* 0.9994 0.386 2~3.717 0
B-PGG Y=2.95x10°X—1.66x10* 0.999 1  0.040 2~0.361 7

HHEATHE ¥=2.65x10°X=3.09x103 0.9998  0.027 0~0.243 2

242 (UESKEEERE BURG X MBS, %
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0.42%, 0.42%, 0.48%, FHUZSKEHE B
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ANTEGNBRTY . ATEGTE . B-PGG FIZR HIIBEAT 2451 11
RSD 4354 2.00%, 3.65%, 0.53%, 2.19%, 1.88%,
TR IR 24 h NEEARFAE .
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GG & AS 1 mL, A 6 X FES Y, #2 “2.27 T
TOTEEI A A A, R (2.1 T gk AR
W, PRI MR, S5 R, BB TR,
~NEINBRTY . ATEGTH . B-PGG FIR FI BEAT 25 11-F

e E AR FH 252 2020 4F 11 H 45 37 545 22 )




YR RDSCR 2518 98.37%, 100.92%, 98.73%,
99.31%, 100.49%, RSD 413k 1.51%, 2.37%,
2.22%, 1.74%, 2.30%(n=6).,
2.5 FESE B E S0

Waghe, —5% . 5% EMETIR AT

F=3 FE%REHHANELER0N=3)

R, REFRAEGAS 11 Ik, eSS HERE, i <227
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PEGE , SRkt SR, 4R 3, R
Graphpad Prism 6.0 XX} 55 HUAE S AR 435370
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Tab.3 Determination result of Paconiae Radix Alba pieces of different grades(n=3) mg-g~!
i WETR AT AJAT B-PGG O EWEBAIZT| KR BT NAWNERT A B-PGG EHIBEAT Y
BNS-1 0.7190 4.1379 21.364 4 1.680 3 0.565 1 BII-8 1.003 3 5.5779 293136  2.4185 0.687 4
BNS-2 1.0250 6.4773 28.3357  3.9087 0.674 7 BII-9 0.928 0 6.421 6 29.1511 29496 0.678 2
BNS-3 1.2059 6.4155 36.118 4 43739 0.707 6 BII-10 14216 4.536 6 27.7244 24892 0.873 8
BNS-4 0.988 4 5.5728 28.5095  3.5243 0.665 3 BII-11 1.068 3 5.5945 30.1819  2.5773 0.786 0
BNS-5 1.072 2 54340 28.7559 4.005 6 0.657 4 1y 1.016 4 5.336 6 29.4783 24981 0.754 7
BNS-6 0913 4 4.982 6 31.3502  3.464 6 0.636 1 BIII-1 0.606 0 4.480 2 28.5320 1.7797 1.1039
BNS-7 1.049 6 54916 28.9358 3.8247 0.736 5 BIII-2 1.052 8 6.878 4 289049  3.9402 0.689 0
BNS-8 0.984 7 43920 26.1745 42572 0.7770 BIII-3 0.882 1 6.236 1 299852  3.1631 0.8412
BNS-9 1.116 8 6.377 6 35.528 4 29130 0.758 6 BIII-4 1.084 2 6.4112 295030 3.824 1 0.700 4
BNS-10 1.274 2 4.952 6 29.225 1 53785 0.879 4 BIII-5 1.1753 7.224 1 314140 4.6722 0.743 6
BNS-11 1.086 9 5.713 4 30.3847  3.7747 0.766 4 BIII-6 0.887 4 6.038 6 30.1273  2.9979 0.8375
5 1.039 7 5.449 8 29.516 6 3.736 9 0.711 3 BIII-7 0.863 8 5.2629 304505 33141 0.784 3
BI-1 0.799 1 52342 289939 23451 0.562 9 BIII-8 0.960 6 5.733 1 29.2860 3.3126 0.6723
BI-2 1.052 1 6.070 3 31.673 0 39158 0.625 7 BIII-9 0.903 4 6.259 0 344413 57368 0.753 7
BI-3 1.267 5 5.1218 30.8280  4.0689 0.739 2 BIII-10 1.046 4 6.569 0 29.1851 3.8945 0.696 9
BI-4 1.136 8 6.243 2 30.983 5 4.118 5 0.638 0 BIII-11 0.983 4 6.271 5 30.2242  4.1183 0.779 4
BI-5 0.8100 42556 28.992 0 2.454 5 0.653 6 F-1y 0.949 6 6.124 0 30.1867  3.7049 0.782 0
BI-6 1.1182 5.752 8 314606  3.7526 0.680 5 BYTH-1 1.008 1 9.49217 36.3938  3.7657 0.730 7
BI-7 0.836 1 4.062 5 28.082 8 2.0810 0.623 3 BYTH-2 0.969 5 11.194 4 33.6131 4.008 3 0.7515
BI-8 1.438 8 5.561 4 31.076 0 5.0408 0.844 6 BYTH-3 1.002 4 10.118 1 36.5459  3.7533 0.8557
BI-9 0.727 8 3.850 2 30.541 2 2.673 4 0.544 2 BYTH-4 1.0158 9.466 1 349050 39493 0.645 4
BI-10 0.8330 3978 2 28.469 2 1.926 6 0.582°5 BYTH-5  0.9959 11.373 2 35.0946  4.1005 0.8015
BI-11 0.9399 4.427 4 29.430 7 291217 0.606 5 BYTH-6 0.918 7 11.357 1 349158 4.4447 0.790 5
Yy 1.000 9 5.000 6 302129 3.2503 0.651 8 BYTH-7 09770 9.6193 35.6587  3.5628 0.7917
BII-1 0.890 9 4.8457 24.570 4 3.1133 0.612 8 BYTH-8 0.870 4 8.5957 33,7086 2.9928 0.701 4
BII-2 0.996 2 59615 32.899 1 1.9513 0.709 0 BYTH-9 0.996 2 8.3658 35.1237 2909 6 0.7293
BII-3 0.871 1 59353 334906  2.1644 0.723 8 BYTH-10 0.908 1 93758 36.1502 33516 0.674 7
BII-4 1.1359 4.308 5 27.129 6 2.9243 0.823 1 BYTH-11 1.0596 10.185 5 356527 39713 0.765 6
BII-5 0.613 4 3.769 1 27.079 9 1.658 2 0.9329 1y 0.9747 9.9222 352511 3.7100 0.748 9
BII-6 1.160 2 6.300 1 343556 2.323 4 0.7359
BII-7 1.091 4 54519 28.3653  2.909 7 0.739 2 RSD/% 16.32 31.62 10.46 27:09 14.58
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Fig. 2 Contents of 5 components in 55 batches of Paconiae Radix Alba pieces of different grade
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Tab. 5 Principal component analysis scores of 54 batches
of Paeoniae Radix Alba pieces

FWRAHET 1 FWSET 2 ERSET 3

ETRe e e A e AL 2o S
XFE, Bah/h; B 5 Mibe i fsbn & & — Q?/f;f% é?f;*ﬁ Q'T:)/”:fﬁ
1 51515 25 42 W0 P B0 20 A . R e T
FIAE SR AR R, BT R A RIHEYRE] 5 3 BNS-3 115 0.29 -1.06
MM SRR K, WO TR R Tk ¢ 8N4 wm 0y g
o i \ o 5 BNS-5 ~0.25 0.65 ~1.22
YT R SR HOAI S F o itiest, 0 DS e e o
HPEEFIR. A2 B-PGG ZRME K, ~f 7 BNS.7 _0.10 0.78 —0.16
245 B AR Y AT 25 1 & B 48 b AE R — 4l 3 §  BNS-8 ~0.41 1.39 0.10
RAMESEON, SRR, Woszeoksy o R N e
AR M a4 i AR e s Fe b, 45 R 2. 1 BNS-11 0.21 0.79 0.15
2.6 ERIM 12 BI-1 -1.53 ~1.09 -0.86
X ‘ 13 BI-2 0.01 ~0.06 -1.45
Xt 55 HRES 5 SRR sl Graphpad 14 BI3 0.46 1.46 ~0.68
Prism 6.0 #4417 Grubbs /5, HEERHWE, R 15 Bl4 0.8 0.39 -1.61
e 16 BL-5 ~1.39 ~0.49 0.06
FH SPSS 19.0 B H4%} 54 B IEAT E L5537, 17 BL6 0.12 042 0.90
A58 3 ANERSET, FHEES S 2.308, 18 BL7 -1.68 0.4 0.10
X 19 BI-8 1.44 2.55 -0.43
e AN |
1239, 0765, Ji 2= GURK %I il g 46.169% , 20 BLY 165 121 -L18
24.779%, 15.292%, ®i 3 NERSHNTF BT 21 BI-10 -1.83 ~0.69 ~0.44
DR S 86.240% , BURERAAF 1, 2, 30 2 P e e Sy
RN RV EER AR PE FE AR o R B DA 24 BI-2 —0.42 ~0.60 0.78
T2 3 MR SOOATUREGIA, 5 F P e e oo
B 4 M S, ERER, FRANT1EAT 2 B 148 ~0.03 403
AR AR AR R, HAATZY . AT TR iz Eﬁj gj‘l‘ ‘ggi gg:
T E=m A~ el iets, Wk 4, FEsrH 31 BIY -0.57 -0.32 —0.08
\ 7 S " 32 BIL-10 0.09 2.54 1.51
T2 EWEA TEAERE R FRARRRAS L ot
HHfE B, Al F RIS Ak 24 o376 57 e AT i 34 BII:2 0.03 0.33 -0.79
BRI, BRAMAT 3 PR A2 S o o o
RIS T, T AT e AR S R 37 BIILS 0.94 0.78 ~0.88
bR, ERYT LS BYTH IBYTH LR 3% BN 0100
Ry, FEBAELT AT RS U] IR R )52 ) 40  BILS ~053 ~0.02 ~0.48
= BT 2, 3 XHEUR AR R 41 B9 1.05 —0.03 —0.97
N . ’ e o 4 BIII-10 0.02 0.39 ~0.64
%‘%%Ymﬁjf%%& ﬂﬂ IJI_]/‘_J/HQ?L'}&%EP E‘Jm@ﬁ;’éﬁi 43 BII-11 0.27 0.44 0.23
Ay, BERE S, 44 BYTH-1 1.22 ~1.20 ~0.08
45 BYTH-2 1.29 ~1.23 0.07
S4 FANREEE 46 BYTH-3 1.67 -0.92 1.42
T . 47 BYTH-4 0.92 -1.22 -1.12
ab.4 Component matrix
‘ T T T T 48 BYTH-5 1.69 ~1.14 0.53
E%j\ £ 49 BYTH-6 1.63 ~1.34 0.34
el 0.773 —0.497 0.014 50 BYTH-7 121 ~1.08 0.77
ATE BRI 0.766 ~0.547 0.021 s BYTH.8 023 148 027
p-PGG 0.721 0.302 —0.433 52 BYTH-9 0.59 -1.06 0.45
BRTHR 0.560 0.673 —0.198 53 BYTH-10 0.71 -1.82 -0.33
ARH AT T 0.540 0.386 0.733 54 BYTH-11 1.52 —-0.89 0.17
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Fig. 3 Cluster analysis result of 54 batches of Paconiae Radix Alba pieces
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AT HANZR/D, BEAZNEFKK
(RSD=31.63%), A ILHIL LIS 25 PR R 25 9k
Sy IERBNE bR o A SRR R R T DL BRI IR
ARG, HA SRR R rT B T AR N TE S
L7 R T W R 7 R 3= E U1 =1 7 ES i
PIHIR 7 (0 JEUBE 2 1 R 48 X AR 4 45 9, il
TN, PSS, LR & X ETE
WEFHE, MRS EANMEZERK.
22 RGN, XA R SE A% FRIME

X AT R EAT PCA-CA., 45 SRR e 1R H
A YR e e X4y, RAEETIR G 5 A AS
MR B BB R TR, T RE b TR n T e
faifl, BUTRARBAL, AR aAR e, B
AN TRV N T T 26 R R 1 s R, e
AP AR T TR R U

ARG FE LM AT RS 5,
&7 HPLC [RIBHIE (AT AT T . AT2G R TT
WETMR. APEBATZH . B-PGG 55 5 FE24k
SR DN ST, 2R A T M AR R A )
HATIR R RGO, IR 4R it T 2%,
TN, WIS AE GRS S 5 AR A Ab
WM., TEELGAEG—, HiE XSS RiEmn, &
W HEBUEMT SR, AR IRANE
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