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Quantitative control of multi-component HPLC and comprehensive quality
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Abstract: Objective To comprehensive quality evaluation of Rosae Laevigatae Fructus (RLF) from different producing areas, and
to provide basis for studying the geoherbalism of RLF. Methods The 16 batches of RLF samples from eight provinces were
collected. The high performance liquid chromatography (HPLC) method was used to simultaneous determine contents of euscaphic
acid, tormentic acid, ursolic acid, gallic acid, catechin, hesperidin, rutoside, quercetin, luteolin, kaempferol, apigenin and ellagic
acid, and the multi-components quantitative control mode of RLF was established. The principal component analysis (PCA) and
orthogonal partial least squares-discriminant analysis (OPLS-DA) were used to screen potential markers affecting the quality of RLF.
The quality evaluation model of RLF was established by using entropy weight-technique for order preference by similarity to an
ideal solution (EW-TOPSIS) method, and the overall quality was evaluated comprehensively. Results The 12 components showed
good linear relationships in their own ranges. The average recovery were 96.94%—100.05% with the RSDs of 0.72%—1.56%.
Ellagic acid, catechin, quercetin and gallic acid, may be the main potential markers affecting the quality of RLF. The results of EW-
TOPSIS analysis showed that the quality evaluation closeness (J,) of 16 batches of RLF were 0.146 2—0.756 2, The quality of RLF
from different producing areas was very different.Conclusion The established HPLC method is convenient in operation and accurate
in results, and can be used as a quantitative control method for multi-components of RLF. Chemometrics and EW-TOPSIS method
are objective and comprehensive, and can be used for the overall quality evaluation of RLF.
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Table 1 Information of collection locations of 16 batches
of samples
%5 el s | we P il
S1 J7UEMZE 211003 |S9  JLHIRBHE 211102
S2  JUUHEESHE 221101 |S10  THAREEE 211106
S3  HRMMULE 211005 |S11 WIAERRE 221101
S4 Bz E 211001 |S12 HEEEE 221003
S5 JUARMKE 221001 |S13 JLPUZEFME 221105
S6 JUARMFEE 221003 |S14  JLPUREERTH 221001
S7  CEZEEEIE 221102 (S15  WIEGWTKE 211002
S8 wEM T E 221005 |S16  HEFAREHE 211006

2 HEEHR
2.1 SREXBRMIBRAHIE

s 2 TR B8 AR e B SR TR  RE SRR 1 2
MR R R B R R L A TR R R E R,
75% FR I i) B0 &R BE 43 il 2 0.0421.0.026,0.058
0.102.0.076+0.038.0.054.0.032 mg-mL"" [ J& & It
W RS BRI & TR AN T & &, F 75% iz
1] B 5 B T BE 43 )M 0.432.0.170 mg-mL™ (IR &
fith £ Vs K 2 FREU LAY 20 R BEAE R 5 B R & &,
75% FR ) S ot EE VR E 5390 2 0,830+ 1.160 mg-mL™
VR B il B o IR IORE 25 IR B 3k 3 NI &7 0.5
1.0.2.0 mL, B T [@— 20 mL &, FH 75% H 1 i
BERZIBE, I BGE AR B RR BE R BT
B LA B T MR RRER LA
Ty S 2 R0 R A6 R o1 &R i 43 i) 5 1.0510.65
1.45.21.60.83.00.2.55.8.50.1.90.0.95.1.35.0.80.
116.00 pg-mL™ [ IR A XS B ¥, 0.22 um 7L BE
FE g, % FH
22 HiX@ARHE

IR ARL 1.0 g, /5 HEM T, B R EHE
A RE R INN 75% FREE 25 mL, #R 02 &=, BKIB
Hh [ 37 $2 B 60 min, ¥ 50, Kb 2 L RS, B E,
0.22 pm FUFLIERESELL , % H
2.3 BifEsH

Global Chromatography C,, & i £ (250 mm X
4.6 mm,5 pm) ; FE PP K : 0~21 min 210 nm £ Il 3
TR 22 g SR AN AE TR , 21~33 min 280 nm £ ]
B TR LA R AR 2 H,33~55 min 350 nm £
ST M R KRR R LW SR AR T
SIHIN 0.1%BEER (A)- 25 (B , AR 8 1.0 mL-min™',
B FEE M 251 :0~12 min, 25.0% B; 1221 min,25.0%—
32.0% B 21~ 33 min, 32.0%—50.0% B ; 33 ~
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1-euscaphic acid; 2-tormentic acid; 3-ursolic acid; 4-gallic acid; 5-cate-
chin; 6-hesperidin; 7-rutoside; 8-quercetin; 9-luteolin; 10-kaempferol;
11-apigenin; 12-ellagic acid
E1 #WE&AA).SEXH(B).ZABF(C)5H KM
ik
Fig.1 HPLC chromatograms of reference substance (A),
test substance (B), and blank solvent (C)
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Table 2 Linear relationship of 12 constituents in RLF

2 MU/

(pg-mL™)
MR Y=3.2462X10° X+516.20 0.21~10.50 0.999 2
TR Y=1.719 4X10° X+618.90 0.13~6.50 0.999 9
AEJLER Y=6.517 5X10°X—375.00 0.29~14.50 0.999 5
W T Y=4.0952X10° X+1 026.7 2.16~108.00 0.999 8
JLZRE Y=2.403 6X10° X+461.50 4.15~207.50 0.999 3
PR Y=8.304 3X 10° X+1 545.8 0.51~25.50 0.999 7
BT Y=3.7185X10°X+294.90 0.85~42.50 0.999 6
Wit 2% Y=17.859 6X10° X—1 635.4 0.38~19.00 0.999 2
KBFEEK ¥=4.602 8X 10° X—694.70 0.19~9.50  0.999 9
22/ Y=>5.381 6X 10° X+928.50 0.27~13.50 0.999 8
FEEHR Y=2.9367X10° X+572.10 0.16~8.00 0.999 4
IR Y=1.925 1 X10° X+479.40 5.80~290.00 0.999 6

% EVEppEs

BEAE FR I THT AR 1) RSD ME /N T 2.0%.
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%24 h, kI AR, 5 PRIR VR TR VRE R VX
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Ll 25y 7 S 3R R R IR 0 1 AR Y RSD B ¥ /T
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BRI RER R KB TIR LR R R T
W RBER LR T RR VRER S &N
RSD 5/ T 2.0%.

IR [E 26 - B9 4 CR1 12 PP sy & 2 1
ST (SO TN 5 0.5 g, FEEM T, e %
B 2 R 80% - 100% 120% TN Vi & %) 1 5 %%
T, P 4% A A ) A R ) D R A VA R,
ANVREE 34y, K5 B WL EL 10 pL HERRI 5 , 4% 24 i)
VU CO101) Y 7 v 1H BSF 3 INAE [E W 28 (RSD) 4373l
N OB 96.97% (133%) . & B X M
97.46%(1.52%) + A& B R 97.62%(1.38%) I 1 TR
97.85% (1.56%) « JL #% & 100.05% (0.72%) - 18 7
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97.99% (1.26%) A JR B 2 97.63% (1.17%) « 1L 23 1)
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25 BENE

B 1641 G 12 1 BE 5 (S1~S16) , F A 4at i 13 W
] £ R 1) BB VR CRERIE AT 349D, K 2 W)
HU10 pL Al , i s g AR, B4 2.4.17 300 i) o 4 it
2 G AMRE T ERE S & S R AR 3.
2.6 WEITEFIFNMMERNES

PCA ¥4 J5L A A & Ji i 26 1t 41 & J7 & & b

BN GE /R (FER) , HERSE R E L &=
Z 5 R, BRAR T B A TAE &, AR R
JR A A B K E S E . DL 16 T a1 v 3 R
TR ERR B ETRLER BRI~
TR R R AT TR A 12
AN w B AR & B A SIMCA 14.1 X747
20 IR 16 X 12 B H0HE 74 2 PCA 1LY, 4 SR 4 L

®3 &EFPLRIESEE(n=3)
Table 3 Determination of 12 components in RLF (n=3)

s E/ (mg-g™)

" TR BN RER WETR OLEE BEE ST OWEE AREE LEm FRE BHER
S1 0.019 0.012 0.031 0.451 2.324 0.047 0.182 0.035 0.021 0.027 0.015 3.351
S2 0.020 0.015 0.040 0.499 2.508 0.043 0.205 0.040 0.024 0.025 — 3.085
S3 0.025 — 0.036 0.437 2.669 0.045 0.245 0.040 0.023 0.021 0.017 3.423
S4 0.023 0.014 0.038 0.461 2.587 0.046 0.232 0.043 0.025 0.024 0.018 3.307
S5 0.024 — 0.035 0.423 2.824 0.048 0.257 0.044 0.026 0.020 0.018 3.663
S6 0.026 0.012 0.033 0.407 2.747 0.044 0.272 0.039 0.022 0.020 — 3.507
S7 0.015 0.016 0.025 0.384 2.167 0.040 0.295 0.025 0.018 0.015 0.021 2.754
S8 — — 0.018 0.372 2.008 0.037 0.264 — — — 0.022 2.612
S9 0.015 0.012 0.027 0.394 2.254 0.041 0.252 0.025 0.019 0.018 0.021 2.881
S10 — — 0.019 0.358 2.089 0.039 0.301 0.027 — — 0.022 2.668
S11 0.033 0.010 0.029 0.578 3.233 0.059 0.178 0.038 0.033 0.030 0.013 4.034
S12 0.034 0.009 0.035 0.613 3.155 0.062 0.152 0.029 0.031 0.032 0.013 4214
S13 0.032 0.009 0.024 0.553 3.447 0.058 0.220 0.041 0.032 0.033 0.012 4.296
S14 0.035 0.008 0.030 0.601 3.337 0.064 0.165 0.034 0.035 0.038 0.015 4.380
S15 0.030 0.008 0.043 0.588 2.992 0.061 0.148 0.022 0.030 0.035 0.014 4.123
S16 0.027 0.011 0.026 0.565 3.077 0.057 0.193 0.037 0.028 0.029 0.015 3.665
— Rt
— indicates undetected.
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Fig.2 PCA score chart
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1-euscaphic acid; 2-tormentic acid; 3-ursolic acid; 4-gallic acid; 5-cate-

chin; 6-hesperidin; 7-rutoside; 8-quercetin; 9-luteolin; 10-kaempferol;
11-apigenin; 12-ellagic acid.
4 16#t&EF VIP
Fig.4 VIP images of 16 batches of RLF
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T A X e g
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R, = Do PSR R () FFAREE J, K
D; + D,

YRS R AT HET (R 5. 458 BIR S11~816
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3 g
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KT B 5 T — T bk B R R R R
50% B \75% HIE  FHBE , 25 SR R 75% H 42 HL
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N ), R B EE AR R KOS [ED R, ) 104304 45,
60 min [ $2 UK, K I 75% HEE K i R B
B 60 min i, 12 Fi 73 R B2 6 55t 1 o
3.2 RWMPECAYIEREE

SRR R AR DI 2H TR 2 R R R L RE R
MR TIRLRR R AT MR OKRE
BRI TR R VBRI K E AR
200~400 nm. £ O B RSP RS oL (1
T U Y B S A O, B 2 I R K 210 nm A I F A
i 23 % S R R RE LR 5 280 nm 4G I U 13 F IR
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BRELE LAWY TR R AR
3.3 IEFRAL T ROIERE
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Fd4 ST RANESMBURREBFER
Table 4 Weighted decision matrix result of 12 components in RLF

e

A .
[y

BET

L

LR

1 B

KRR

T
S

ik B W=l R BAER

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16

02133
0.224 4
0.280 6
0.258 1
0.269 3
0.291 8
0.168 4
0.000 0
0.168 4
0.000 0
0.370 4
0.3816
03591
03928
0.336 7
0.3030

0.136 0
0.1700
0.000 0
0.158 6
0.000 0
0.136 0
0.1813
0.000 0
0.136 0
0.000 0
0.1133
0.1020
0.102 0
0.090 7
0.090 7
0.124 6

0.4353
0.736 6
0.602 7
0.669 7
0.569 2
0.5023
0.234 4
0.000 0
0.301 4
0.033 5
0.368 3
0.569 2
0.200 9
0.401 8
0.837 1
0.2679

0.368 4
0.558 5
0.3129
0.408 0
0.2575
0.194 1
0.103 0
0.0555
0.142 6
0.000 0
0.871 4
1.0101
0.772 4
0.962 5
09111
0.8200

0.406 1
0.642 6
0.849 4
0.744 2
1.048 7
0.949 8
0.204 3
0.000 0
0.3162
0.104 1
1.574 3
1.474 1
1.8493
1.708 0
1.264 6
1.373 8

0.129 6
0.0777
0.103 7
0.116 6
0.142°5
0.090 7
0.0389
0.000 0
0.0518
0.0259
0.2851
0.324 0
02722
0.3499
0.3110
0.259 2

0.129 2
0.216 5
0.368 5
0.3191
0.414 1
04711
0.558 5
0.440 7
0.3951
0.581 3
0.114 0
0.0152
0.273 6
0.064 6
0.000 0
0.171 0

0.8325
0.951 4
0.951 4
1.022 7
1.046 5
0.927 6
0.594 6
0.000 0
0.594 6
0.642 1
0.903 8
0.689 7
09751
0.808 6
0.5233
0.880 0

0.2324
0.265 6
0.254 6
0.276 7
0.287 8
0.243 5
0.199 2
0.000 0
0.2103
0.000 0
0.3653
0.343 1
0.3542
0.387 4
0.3320
0.3099

0.253 8
0.2350
0.197 4
0.2256
0.188 0
0.188 0
0.1410
0.000 0
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0.5417
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0.6320
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0.066 5
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2.097 6
1.792 6
1.2493
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0.7372
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0.902 8
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09183
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2.2860
1.959 8
1.944 2

0.404 8
0.527 8
0.540 7
0.544 5
0.589 7
0.544 1
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0.272 4
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0.720 3
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0.664 4
0.682 9
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