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Comprehensive Quality Evaluation of Agrimonia pilosa with Entropy Weight TOPSIS Method Based on
Extract and Characteristic Spectrum

ZENG Zhaojun"*, HONG Wanmin"*, ZHONG Rufan"*,HU Yao"*, PAN Ling"*, GAN Li"*(1. Guangdong Yifang
Pharmaceutical Co. Ltd., Guangdong Foshan 528244, China; 2. Key Lab of TCM Formulation Granules
Enterprises in Guangdong Province, Guangdong Foshan 528244, China)

ABSTRACT OBIJECTIVE: To establish an overall quality evaluation model for Agrimonia pilosa based on extract and
characteristic spectrum, and to provide evidence for comprehensive quality evaluation of the medicinal material and screening of
high-quality provenance. METHODS: Referring to different extraction method and solvent condition stated in 2015 edition of
Chinese Pharmacopoeia (part IV ), using the content and total peak area of HPLC characteristic chromatogram of extract as
indexes, and the extraction technology was optimized by weighted comprehensive score. HPLC characteristic spectrum of 15
batches of A. pilosa was established, and similarity evaluation and characteristic peak identification were performed. SPSS 25.0
software was used to conduct single factor analysis and Pearson correlation analysis for the extract content and total peak area of
A. pilosa from different origins. The quality of medicinal materials from different origins were compared. Entropy weight TOPSIS
method was adopted to evaluate comprehensive quality of 4. pilosa using the extract content and total peak area of 15 batches of
A. pilosa. RESULTS: The extraction technology of A. pilosa extract, which was extracted with hot dip plating using 50% ethanol
as solvent, was optimized. The similarity of 15 batches of 4. pilosa was higher than 0.92, and 4 characteristic components were
identified (ellagic acid, quercetin, apigenin, kaempferol). There were significant differences in average extract content and total
peak area of characteristic chromatogram of 4. pilosa from different origins (P<<0.05 or P<<0.01), and there was a certain positive
correlation between them (r=0.86, P<<0.01). Results of entropy weight TOPSIS evaluation showed that the average C; values of
A. pilosa in Anhui, Zhejiang, Sichuan, Henan and Jiangsu provinces were 0.689, 0.351, 0.218, 0.308 and 0.361 respectively.
CONCLUSIONS: The quality of A. pilosa from Anhui was the best, that from Zhejiang and Jiangsu was better, that from Henan
was the second, and that from Sichuan was poor. Established extraction technology and characteristic spectrum determination method of

A. pilosa are stable and feasible. The entropy weight TOPSIS
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model is objective and quantifiable for comprehensive quality
evaluation of 4. pilosa, and can effectively evaluate its quality.
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Tab 1 Information source of A. pilosa samples

b5 i Fellcrt ] E g Fllui
| s e WITESH || 9 TR 201747
s g R WITESH || S10 IR 20174 7H
s3 FREZN 0174871 sl O WI747A
s4 IR WITETH sI2 AR WI747A
55 WA T WITETH || I3 LA 201748 A
) ERIR L WITETH || Si4 AT 201748 A
57 DI b WITHETH || SIS T 201748 J]
S8 DI b 201747

2 AEEHER

2.1 {LEEZSH HPLC 45 B E 77 ik B 31
2.1.1 @& A : Belipse XDB-Cis (250 mmx
4.6 mm, 5 pm) ; FSIAH : L1 (A)-0.1 % BEER/KIEE W (B) ,
o BE B B (0~30 min, 13% A ; 30~65 min, 13% A—
229% A; 65~80 min, 22% A—30% A ; 80~ 100 min,
30% A) ; i : 1.0 mL/min; FEI : 30 °C 5 K% K < 254
nm; AR 10 pLo

2.1.2 WS OIRAXT B 43 SRR U AE
MR MR HF TSR N ZS e A S RS SR E
FH B B 1 mL 4300 &5 B AR R 10.72 pg 2 11 70.65
ng. Fran R 6.96 pg . LAY 4.18 pg AFTRA X HR I,
FH0.22 pum SFLUE MU L, BUEE0E , RIS . QA
T BUAES B 2R 0 oK (i =500, FIA)) 1.0 g, RS 4 K
BT HIEHIV S K% A 50% B 25 mL, %
FE BRI RLE 45 min, BUE 508, FRRFRE i
i, FH 50 % AN U 0 e, FH 0.22 pm FlFL g
b B R, BT

2.1.3 K% BUNES M (45 : S14) By K iE
L HE2.1.2Q7 IR Jr vk A A AR, TR 2.1
T 035 A5 1 SR b AR 6 IR AE , 25 5245 12 M RRAE 0
DL TR R L 43 5 B A A 1Y) 6 5 (i 0 A Oy 2 i
(S)IEATIFAA, HAy TUANERAE AR X 44 7 5 ] i) RSD 15
/NF1.0% (n=06) AHXTIETEFL R RSD ¥/ T 2.0% (n=
6) , FBH T PokE % R AT

2.1.4 TEREMHRE  BUE—#ANE 258 (45 . S14)
WAGE R, HE 64y, #42.1.2Q" T 5 B AT A ki
VSR, PR 2. L1 T g S e R . DA 65 (835
AR SR 2 BRI (S) A TIHAAL, FLAR 11 AN RR AR DA X AR 7
FE] A RSD 21/ T 1.0% (n="6) A% 14 H ALY RSD 2
INF2.0% (n=6) , KW ikEZ LT

2.1.5 FRUEMIAE  BUIESREZGH (4e5 - S14) Hi Rk
L HC2.1.2Q7 R kA R A U, P 2117
T A A o i AR P CE 0.2.4.8.12 .24 hi i
FEAE . DL 6 5 ke S 2 BRI (S) if A7, g
L1 AR 0 RE X B3 15F 1) 4 RSD 441/ F 1.0% (n=6) |
AR T AL RSD 41/ F 2.0% (n=6) , F B 5L 7
WRATEZS IR TR 24 h NFaETE BT
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22 UIBESHWRINIZHEL
2.2.1 ANESEDR MY RSB AE AN B 25 6 (S
S S1) AR (G =50, T IA) 2y 4 g, 324 0y, KB AR
SE L BT 250 mLARETBI T, 435 2015 48 fi( 24 8
(DU &R ) 38 I “2201 ¥ 52 12 AR 325 700, 24 43 i LAOK
50% LI 75% L BE 95 % L FE45 100 mL Ry i 57 k4 74
IROR RO 2 R A AT 3 i), T
2.2.2  A[EFREOT AN S BR ) & R 5
WA OREEREIRC2.2.17 00T IS AR L BV 25 mL, 23 B
FOFEEE TR LIS KEZET, T 105 C
T4 3 h )5 BT T8 A 40 30 min, IUE0RE %5 57 E 5
LU TERMATTEMEER Y SR (BEOY SR
(% ) = (T8 it JoT £ < B A B )/ CHRURE: Jo o < BRURE 4%
BOx100%], 25503 2. Wk 2 i, LAAS [R5 590 2R
PO VLSS Frim A5 fo Al B 52 th & 3 T LM
TP )R PV 3 AR BRI A )9 1 0 5 i, LR ] 4 BB
ik AN Rl R i = & s HE Y 1 R 50 % &
[ >759% 2,15 > 7K >95% Z, [
x2 AERBAZMBEFNEZGHTUBERHYEE
(x*s,n=3,%)
Tab 2 Contents of A. pilosa extract under different ex-
traction methods and solvent conditions (x s,

n=3,%)
. A
O T L _
IS 50% L 5% LB 959 L
Bk 1441£1.02 19.97£051 1730£0.17 11512057
Ak 18561023 21074028 18.64£041 13.58+040

2.2.3  AN[FEHREC; Az A 532 R TR
SRR BC2.2.17 IR AN B e oS
i, DL0.22 pm SAL BB A, SR IE R, #2117 R
ISR E | il SR E A . R Origin 2018 {4
23| L HPLC & IR AE 3, 3 DL IET 1538 R IE 0
TR A L 3. WP 1.3 3 o, ZE R R 4 8k 2 1
PRI T AR A HIR TR T A 738 A )
TN B AR — B0 DK R BOA R, i 4
2 Y I TEAG Y, FLRRIE I B T AL A AR R
255 BEAN R TRIE S PR I 2 T A R VA RV B 42
TRURT AR HH A 1) AT I e T R R o, LA R 3R B
e R TRIE ISR EUITASE 0 A R e e T B HE 7 3
H50% LFE>T5% LFE>95% LT > K.

224 MSFR PRI LML LIRS
B W R A U TR RRU P45 5 el i B (R R ) B B
TR TR UE A UE L A ) PR AR, SR R A AL
PR TN R W R I 2200 . st
H R RRIE G S TR R Sk U B AR A (AR BRAS
53 = AR E (28 bR iR A < 100) , FFEHE R )
it RRAR DA S TR o i R AR 43 )R 0.4.,0.4
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Fig 1 HPLC superimposition chromatogram of A. pi-
losa extract under different extraction methods
and solvent conditions

®3 FARERAFEMBEFAFGTUBERHY (&S

1 g £ 2571) BEHEE ZIEE R (x +5,n=3)

Tab 3 Total area of characteristic peak of 4. pilosa ex-
tract (by 1 g of crude medicine) under different
extraction methods and solvent conditions (x +

s,n=3)
; SR
e - d — —
K 509 15%LE 95% L
Kardin 2831929+389 1483320941824  153703.94131.06 71 113.16+21.01
Kk 59083509599 1722276041296  166058.824634 119 041.36+13.80

0.2, HHELE I (GEW =R & RAR MY & i
I A x4 0-+RF A 05 o 08 TS /AR A1 0 0 T A e K {1
A0+ R /A B R P fe KA % 20) , 2R IR 4. k4
JIeoRs R TR LR Vo SR TR IR 12, R ITIAR
2T RN DR R Y RCR BB . LR 81T
IR (94.0 73) B T2 AN ES B ) i Be 4R I T2 22
RILA 50 % LM R ) R ARG IE SR
x4 IBERHUMARRRILZNGEEES

Tab 4 Comprehensive score of different extraction

technologies of A. pilosa extract

fonE AR BEMGERS  REREEEES  DEEERY 55T
ik k 684 164 10.0 359
50% L 948 86.1 60.0 844
5% 82.1 89.2 80.0 845
95% L 546 413 95.0 574
wgk k 8.1 343 200 53.0
50% L 100.0 100.0 700 940
5% 885 96.4 85.0 91.0
95% L 4.5 9.1 100.0 734

2.3 {LESEZ5k HPLC $E B R i 57

2.3.1  HPLCHFEEIGE A= i 515 HEANES =0 24 64 #
K, H42.1.2Q7 5T Jr i il & A I R, PR 2117
T e il S A R I A i S e ik i A R P 2 i s
SrEREF EEVEM EE (2012 i) )i T A WG VLD . A
G5 R ST RYNES FL 2 A4 i 4335 ]y 2 BRIETE 4 B ]
%l Ta N 0.1 min, >R JH 22 SRS TR AT (0 i 5 DL L
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T P (L8000 AR T B P 3 (R) o 15 LA e 25 4 1Y
HPLC & JIFAE 35 DL I 2, %k B 2T 1 (R) WL 3 A

B2 15 HIEEZGH HPLC & 4%
Fig 2 HPLC superimposition chromatogram of 15

batches of A. pilosa
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Fig 3 Reference chromatogram (R) of 4. pilosa and

chromatogram of mixed control

2.3.2 AHRUEEPEM R 24 s S0 TS A A T
W ZR 55 (2012 ML) ), AIES 250 %) B R 3 S 2 BEEA 7
L5 HEAE o B S AR AR BEPE MY . 25 B, 15 HEAl S &
(%% : S1~S15) M AH L AR YKk 0.965,0.993.,0.992
0.993. 0.990. 0.994. 0.977. 0.946 . 0.954 . 0.966, 0.985,
0.995.0.926.0.984.0.964, ¥ /T 0.92, H 5 %F I &% HL
A BT — S0, B 25 M A ) 22 SN T AR
2.3.3  FRIEWERFEIN 15 HUANES 20 FE A 124>
LA RRAE 0 BC2.1.2@ 7 R IR A O B W, %
“2L1HUR g SRR E e sk g E L it 5t
XoF HE it BT LU, FR A T AN R B R (R) iy 2 5
VA RRAETR (6 S WA M 1T (11 S T3 R 1250
R AS W o TRAA X R S e UL 3B
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RO E 0 R & KA

241 15 HCANES FFR H W A 2548 R A P U T

FRAYME 15 HEA R A S R 24 bF , R T 2.2.47 30

TS A AR T 20 (50% LB IR VE ) SR I, JF 4%

“2.2.27 TR Ik E IR s TR, R

ANTR] = AN S B 2 hE , 42,37 U 5 A, ARAGRRAE

P T AR, 4 R LR 5.

&5 IGHHIESER HY & EMAMFHEE L SIEER

MELR

Tab 5 Results of extract content and total peak area

of characteristic chromatogram of 15 batches

of A. pilosa
BE! 4\ ?:/ % ) PERITE 4\ A b ?:/ %

St & nn 239367 s 15.16 118018
L TE 179 179 744 SI0 T 1525 139 424
$3 TH 04 230 648 I i 19.53 142357
A I R () 167312 12 i 18.12 130 043
S5 L 1869 160 803 I3 T 2069 195262
S L 1840 172895 sl4 T 1742 155381
ST 1797 156 931 SIS T3 2014 158 966
8 Wi B4 88193

K SPSS 25.0 FA XA [A] 77 L i) 15 HEANES R 132
AR 2R RRAE R S TR FR R AT BRI R O 224y
BT, P<0.05 M 25558 Goit2# 0 Lo XA ™ Hiufil 5
B (R X 45 3410 I s 25 SR BCE YA 5 o, H
2 Y38 5 i 2T SRR S T AR W
S LR VLI VS R AR P 35 i L 2 R AR R
T4 U AR A 2 R I B R, 2 R R
28 X (P<0.05 8% P<<0.01) ; 284577 25 A A1F [ J S
H R T R R T W R A R 22 R AT
Gt L (P<0.05 8% P<<0.01) . AS[A] 7™ Hi o fil 4 x
2R Y R LS VIR > Wi L~/ > 1Y
J 5 250 FRAE R ST 25 e T FRHE P R - B > VT~
WL > > DU 5 b, DL S w2 b4 o
TREEAR, PEDLI 4.

2.4.2 ARMESMT R JH SPSS 25.0 B FNT 15 Al S 5
=W 2B R E 06 04 T AR RS T Pearson A 1
ST EEREIR IR P RS 2T RRIE I S R A R
BEME(P<0.01) . LUR Y& 5 AR AR PR (X, % )
A FRIE L R0 TR AR AR (V) , R Prism 8.01 %K
PR 2k h 2 (WLEI 5) , FEsRIG R R I e Y=
13 159X—81 273(r=0.86) . 4RI AIES SR B
5 2P RE R g TR IR A DR

2.5 M TOPSIS EZEZSIF ML EL M RE

K FA B A TOPSIS 25 ™25 G PE A A1l S 5L 24 14 i
o 15 HEANES 2T pF rp AT 124 2 RRIE G (4 N FRAIE
WEREFEIN ), DAL R 1 6 506 (M B2 17 ) VE M 2 BRI (S)
TIRAG AR G 1) A XS Ut T FURIAR G B3 B 0], 1 DL 3%
6.4 7,
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Fig 4 Comparison of the extract content and total

L i

peak area of characteristic chromatogram of
A. pilosa from different origins(n=3)

B 15 HEANFES B2 b4 Fr 1Y 12 /45 AE 04 g 0 1o FEU R i
B RS 13 Fabn AT R bR AL AR PR - A%
m ANHEAR (m=15)4 n M EFR (n=13) , i LT A 5K
(1) (2) X3 S i g Ko P ey AR DR SRR I, et 7 e —
AAR TR, 3R O B 5 BRI/ IR B R A AR £
fE(R)) o HFARMIFH 13 8RBk A T8 b
HCR AR (DI
_ X,—min(X,;, Xy, X,y)
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(1)

¢

300 000 —

50 000 -

0 T T T T T T T
10 12 14 16 18 20 22 24

B R, %
5 IBERHMESESAMIFIEELREXRE
Fig 5 Linear relationship of the extract content with
the characteristic peak of A. pilosa
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max (X, Xy, , X)) —min( X, Xy, -+, X))

R EGE T HR bR R (E,) | > S B S £ 8
PR FRORE B AR BRPEAN F5 b i B 22 IR A e 1~
12 5 RENE 0 W AT AR AN R ) 7 10X 13 MR AR AR
(w,) =(0.124, 0.095, 0.052, 0.081, 0.054, 0.068, 0.084,
0.059,0.033,0.056,0.097,0.134,0.062) . 4&{E (E,) FIAL
FOW)FAR(3) ()5

ij

Ef:_sziilnR!f ....................................... (3)
i=1
1—E &
= ; (ZIVV/:I) ........................ (4)
>(1—E) '

DIAS R TR R A DR S 2, 0 — 2D A A 3R
R (Z2) e st (Z) SELma(Z ), e
#2(5)(6)(7)3+%, 14 2 =(0.124,0.095, 0.052, 0.081,
0.054, 0.068, 0.084, 0.059, 0.033, 0.056, 0.097, 0.134,
0.062),2z =(0,0,0,0,0,0,0,0,0,0,0,0,0) ; 74/ =
(8) (D IHEBAFEARE Z M Z W E (DD, ) Kdwedl
HRE BN EE (C) , Horp CHUE R 0~ 1, #4301 R
PEMFEASR A2 SR AT, B30 O MU0 e 25 7K

®6 15HIBEAMSRIFERR K SFHEEHEIEER

Tab 6 Peak area of reference peak and relative peak area of each characteristic peak of 15 batches of A. pilosa

BT SBAER SRTAIER e

£l TR i3 4 5 A (S) &7 i3 9 i#10 I k%
sl 51129 0485 1.107 0269 0269 0.132 1.000 0835 0.110 0352 0081 0020 0022
$2 31260 0531 2068 0251 0.266 0233 1,000 0.804 0.106 0352 0082 0033 0025
$3 4131 0299 2106 0258 055 058 1,000 0775 0.108 0387 0085 0025 0025
s4 UM 0277 1.860 0310 0.181 0.149 1,000 0608 0.126 087 0072 0007 0014
$5 28354 0434 255 0352 0227 0.192 1.000 0693 0.1 0303 0080 0008 0012
$6 40354 0.194 1.348 0315 0.190 0.152 1.000 0.645 0.108 0235 0082 0.006 0011
Ni 25165 0491 2755 0.198 0312 0.067 1,000 0826 0074 0405 0084 0014 0011
s8 11487 1075 3.604 0302 0417 0.129 1,000 0.724 0070 0268 0039 0014 0016
59 16119 0.795 3593 0251 0359 0.104 1.000 0753 0070 0364 0076 0014 0013
510 20111 0874 2486 0315 0217 0.007 1.000 0816 0.117 0.882 0.168 0025 0027
sl 35519 0.170 1212 0227 0208 0.019 1,000 0.698 0.107 0288 0070 0005 0005
s12 B 0.197 1319 0220 0.168 0.103 1,000 0494 0078 0238 0062 0011 0018
s13 64542 0097 0.701 0289 0.181 0035 1.000 0406 0071 0.178 0.044 0008 0014
s14 44700 0.144 1.206 0.190 0.112 0.130 1.000 0359 0.082 0.191 0049 0.004 0.009
$15 46613 0.163 0929 0352 0.165 0.058 1,000 0465 0071 0.154 0045 0002 0.004
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Tab 7 Retention time of reference peak and relative retention time of each charactersitic peak of 15 batches of A.

pilosa
BH&S  SEURRH, i _ AR R A -
T O L T
Sl 49.537 0.444 0.580 0.726 0.794 0.865 1.000 1.090 1.231 1.551 1.589 1.674 1713
S2 49.561 0.444 0.580 0.727 0.794 0.865 1.000 1.090 1231 1.550 1.588 1.673 1712
3 49.560 0.444 0.579 0.727 0.794 0.865 1.000 1.090 1.230 1.550 1.588 1.673 1712
$4 49352 0.441 0.576 0.722 0.810 0.866 1.000 1.102 1232 1.554 1.593 1.678 1717
S5 49.395 0.442 0.577 0.725 0.807 0.866 1.000 1.100 1.231 1.553 1.591 1.677 1.716
S6 49433 0.443 0.578 0.725 0.803 0.865 1.000 1.097 1231 1.553 1.591 1.676 1.715
§7 49 466 0.442 0.578 0.725 0.804 0.867 1.000 1.098 1232 1.553 1.592 1.677 1.716
N 49 446 0.442 0.579 0.726 0.804 0.867 1.000 1.098 1231 1.554 1.592 1.677 1.716
99 49414 0.441 0.578 0.724 0.804 0.867 1.000 1.098 1232 1.554 1.593 1.678 1717
S10 49379 0.441 0.578 0.724 0.804 0.868 1.000 1.098 1232 1.555 1.594 1.679 1.718
SI1 49.380 0.441 0.578 0.724 0.803 0.867 1.000 1.098 1232 1.555 1.594 1.679 1.718
S12 49.644 0.445 0.582 0.727 0.806 0.869 1.000 1.097 1231 1.550 1.589 1.674 1713
S13 49.649 0.444 0.581 0.727 0.805 0.868 1.000 1.097 1231 1.551 1.589 1.674 1713
S14 49.628 0.444 0.581 0.728 0.805 0.868 1.000 1.097 1231 1.551 1.589 1.675 1.713
S15 49.651 0.445 0.582 0.729 0.805 0.869 1.000 1.097 1231 1.550 1.588 1.673 1713
ZER LS, 3 e
7 W ——— (5) IO TS K125 I R

Z+:(fovz2§"“9Zr:r/')9Z}r:maX(leaZZj9“.9an) o (6)
Zz =(Z;,Z; . Z7),Z-=min(Zy, 2y, , Z,;) (1)

| < ; [ -\
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Tab 8 Results of quality evaluation of 15 batches of A4.
pilosa with entropy weight TOPSIS

ELE [l D D G CHFF
sl ZH 0.071 0271 0.793 |
52 T 0.133 0.178 0573 3
$3 T3 0.101 0237 0700 2
s4 W1 0.200 0.112 0359 7
55 T2 0.206 0.102 0332 8
N L3 0.204 0.116 0363 6
§7 )il 1 0212 0.100 0321 9
S8 )12 0276 0.043 0.134 15
59 I 0.249 0.062 0.199 14
S10 1 0.203 0.121 0373 5
sll 2 0.249 0.088 0261 13
s12 3 0.224 0.092 0291 1l
s13 31 0.176 0.181 0.506 4
Sl4 i) 0232 0.089 0278 12
515 T3 0.240 0.103 0.299 10

N 8 Fros , 2R VT U1 IR YT 95l
25 b 0 BT A R GO R YRy 0.689,0.351, 0.218
0.308.0.361(n=3) , AL 250 1 CYME AR 1, 3%
AL de A 5 LU VLT VL= 25 44, Rk ki g
B2y v At V25 5 i = SR o A 7S - (R
L2k CAEHERT 347 , 2 1™ b A A1l 85 555 24 b R
AR, ATAE A RN ST IR — Do S A
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