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Quantitative identification of TCM Q-markers based on analytical
hierarchy and the entropy weight comprehensive method by taking
Shaoyao Gancao decoction as an example
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Abstract: The quality markers (Q-markers) of traditional Chinese medicine (TCM) have become a topic of
interest in TCM research in recent years. Nonetheless, there is still no consensus on how to scientifically characterize
TCM Q-markers. Our study establishes an identification method for TCM Q-markers based on the analytical hierarchy
process (AHP) and the entropy weight comprehensive method. By constructing an evaluation system encompassing
the target layer, the factor layer and the control layer, AHP can be used to analyze the weight of three core TCM
quality attributes, including effectiveness, testability and specificity. Following that, the entropy weight method is
employed to analyze the specific indicators for each attribute based on the literature and experimental data. Finally,
the comprehensive weight of each index is obtained by combining the two weights, and the comprehensive weight
and the specific value of each component is multiplied and summed to obtain the integrated score ranking, and
thereby identify the TCM Q-markers. Taking Shaoyao Gancao decoction as an example, the analysis revealed that the
top 8 components are as follows: paeoniflorin > quercetin > albiflorin > glycyrrhizic acid > naringenin > liquiritin >
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oxypaeoniflorin > benzoylpaeoniflorin, and can be identified as Q-markers of Shaoyao Gancao decoction. This
study not only provides support for the establishment of quality standards and process quality control of TCM
formulae, but also provides innovative ideas and methods for quantitative evaluation and accurate identification of

TCM Q-markers.

Key words: analytic hierarchy process; entropy weight method; Q-marker; quantitative identification; Shaoyao

Gancao decoction
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Figure 1 Comprehensive evaluation system of TCM Q-markers
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Table 1 Information on the effectiveness of Shaoyao Gancao decoction
Compound N%meer of Experimental Compound Nltjmber of Experimental
literature data literature data
Albiflorin 19 0.60 Licoricone 1 -
Benzoic acid 1 0.66 Liquiritigenin 9 -
Benzoylpaeoniflorin 11 - Liquiritin 14 -
Betulinic acid 2 Liquiritin apioside 1 -
Catechin 3 - Maackiain - 0.50
Dehydroglyasperin C - 0.67 Medicarpin - 0.58
Desbenzoylpaeoniflorin - 0.58 Naringenin 14 -
DL-Arabinose - 0.63 Naringin 7
D(+)-Glucose 2 0.75 Neoglycyrol - 0.67
Formonetin 3 0.63 Odoratin - 0.58
Gallic acid 5 - Oxypaeoniflorin 12 -
Galloylpaeoniflorin - 0.55 Paeoniflorin 54 -
Glycyrrhetinic acid 3 - Paeonilactone C - 0.71
Glycyrrhizic acid 15 - Paeonin 11 -
Hispaglabridin A - 0.65 Paeonol 10 0.63
Isolicoflavonol 1 - Pinocembrin - 0.71
Isoliquiritigenin 8 0.71 Quercetin 34 -
Isoliquiritin 8 - Sigmoidin B - 0.65
Isoschaftoside - 0.77 Topazolin - 0.80
Kaempferol 3 - Trifolirhizin - 0.62
Kaempferol-3-O-methyl ether - 0.50 Uralenol - 0.54
Licochalcone B - 0.55 Vestitol - 0.61
Licoflavone 1 - 1,2,3,4,6-penta-O-Galloyl-p-D-glucose 1 -
Licorice saponin A3 - 0.56 3,4-Dihydroxybenzoic acid - 0.61
Licorice saponine E2 - 0.82 4',7-Dihydroxy-flavone - 0.70
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A7 P. veitchiic H#EF2H 3 %l 73 Af T FE VG R A0 04 b
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HRAN R G546 ST (A WD LE B TR v 1R 20 A 17 40 7T
DA B HH T S P 2 T 1) 5 500 3R S i AR L
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uralensis Fisch.. i 5 1 % G. inflata Bat. 5 % & H %
G. glabra L. [ 84 i =5, Horb DUH %2 G. uralensis
NEERJE ., HEFESH =0 2R L F
TREEHER W RNy B R R
B A 2508, H B YR T & R} Leguminosae 1 7% 1¢ U R}
Papilionoideae H % J& Glycyrrhiza. & &4 %) 650 )&,
18 000 Ff. &R N4 3MLFL, = 5L F} Caesalpini-
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Table 2 Information on the testability of Shaoyao Gancao decoction

Compound Number of Proportion of Component Component Transfer
literature HPLC/% content/% variability rate/%
Albiflorin 28 0.786 0.643 0.578 0.366
Albiflorin R1 1 1.000 0.001 0.148 -
Benzoic acid 11 0.818 0.012 0.469 -
Benzoyloxypaeoniflorin 1 1.000 0.001 0.189 -
Benzoylpaeoniflorin 21 0.762 0.047 0.651 0.363
Catechin 10 0.700 0.065 1.251 -
D(+)-Glucose 1 - 0.519 0.164 -
Ethyl gallate 1 - 0.007 0.363 -
Formononetin 1 1.000 0.029 0.520 0.027
Gallic acid 20 0.750 0.201 0.278 -
Galloylpaeoniflorin 1 1.000 0.029 0.107 0.852
Glabridin 8 0.875 0.121 0.599 -
Glycycoumarin 2 0.001 0.084 0.608 -
Glycyrrhetinic acid 17 0.765 0.083 0.201 -
Glycyrrhizic acid 31 0.742 2.503 0.251 0.217
Glycyrrhizic acid ammonium salt 2 1.000 3.228 0.187 -
Glypallichalcone 1 1.000 0.024 1.200 -
Homopterocarpin 1 0.001 0.009 - -
Isoglycyrol 0.001 0.007 0.297 -
Isoliquiritigenin 16 0.750 0.013 0.466 0.316
Isoliquiritin 11 0.818 0.095 0.386 0.366
Isoliquiritin apioside 8 0.750 0.119 0.563 0.301
Licochalcone A 8 0.750 0.017 0.409 -
Licochalcone B 2 0.500 0.042 1.373 -
Licochalcone C 1 0.001 - - -
Licorice saponine A3 1 - 0.110 0.155 -
Licorice saponine G2 3 0.667 1.272 0.088 -
Liquiritigenin 17 0.765 0.040 0.411 0.725
Liquiritin 30 0.767 1.243 0.308 0.253
Liquiritin apioside 8 0.750 0.493 0.380 0.392
Propanedioic acid - - 0.623 0.446 -
Methyl gallate 6 0.833 0.258 0.469 -
Mudanpioside F 1 1.000 0.007 0.272 -
Naringenin-7-O-$-D-glucoside - - 0.066 0.412 -
Ononin 1 1.000 0.080 0.677 0.287
Oxyalbiflorin 1 1.000 0.015 0.086 -
Oxypaeonidanin 1 1.000 0.011 0.076 -
Oxypaeoniflorin 14 0.857 0.111 0.549 0.074
Paeonidanin 1 1.000 0.004 0.223 -
Paeoniflorin 54 0.778 3.244 0.160 0.250
Paeoniflorin sulfonate 3 0.667 1.371 0.640 -
Paeonol 6 0.667 0.004 0.597 -
Protocatechuic aldehyde 1 1.000 0.026 1.081 -
Uralsaponin B 3 1.000 1.396 0.130 -
a-D-Lactose monohydrate - - 17.380 0.044 -
f-D-Fructopyranose - - 1.213 0.019 -
1,2,3,4,6-penta-O-Galloyl-A-D-glucose 13 0.692 1.094 0.358 0.048
3,4-Dihydroxybenzoic acid 2 0.500 0.015 0.450 -
4-0O-Methyl-oxypaeoniflorin 1 1.000 0.023 0.111 -
4-O-Methyl-paeoniflorin 1 1.000 0.002 1.358 -
10-Hydroxypaeoniflorin 1 1.000 0.025 0.045 -
22p-Acetoxyl-glycyrrhizin 1 - 0.103 0.408 -

) B H B4 Sect. Pseudoglycyrrhiza, 2920 4%, 74 4
BRI, DLRRE KR A 2 . HRAERIE A 55, H
i G. uralensis. Ik R H % G. inflata ¥ & H % G. aspera.
TR H B G. eglandulosa. Y& 5 H ¥ G. glabra. 7 3

HE AR EA 35, fil R H 5 G. pallidiflora. [ H
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Table 3 Information on the specificity of Shaoyao Gancao decoction

Compound Ri':rtsd Compound R;'::sd Compound R(:]I::gd
Albiflorin 12 Hispaglabridin A 5 Naringenin-7-O-$-D-glucoside 1
Albiflorin R1 2 Hispaglabridin B 7 Naringin 134
Apiopaeonoside 4 Homopterocarpin 1 Neoglycyrol
Astragalin 707 Isoglabrolide 1 Neoisoliquiritin
Benzoic acid 200 Isoglycyrol 7 Odoratin
Benzoyloxypaeoniflorin 2 Isolicoflavonol 1 Oleanolic acid 200
Benzoylpaeoniflorin 13 Isoliquiritigenin 132 Ononin 45
Betulinic acid 200 Isoliquiritin 21 Oxypaeoniflorin 15
Calycosin 197 Isoliquiritin apioside 1 Paeonidanin 4
Casuarictin 14 Isoononin 1 Paeoniflorigenone 6
Casuariin 14 Isoquercitrin 200 Paeoniflorin 16
Catechin 108 Isoschaftoside 116 Paeoniflorin sulfonate 1
Choerospondin 1 Isotrifoliol 1 Paeonilactone A 4
Dehydroglyasperin C 1 Isoviolanthin 6 Paeonilactone B 3
Desbenzoylpaeoniflorin 1 Kaempferol 1248 Paeonilactone C 3
Dipropy| phthalate 1 Kaempferol-3-O-methyl ether 1 Paeonin 5
DL-Arabinose 1 Lactiflorin 5 Paeonol 78
D(+)-Glucose 1 Licoarylcoumarin 7 Paeonolide 6
Echinatin 15 Licobenzofuran 2 Paeonoside 7
Ethyl gallate 1 Licochalcone A 7 Palbinone 7
Eurycarpin A 2 Licochalcone B 2 Pedunculagin 24
Formonetin 3 Licochalcone C 1 Pinocembrin 296
Formononetin 1 Licochalcone D 1 Protocatechuic aldehyde 1
Gallic acid 1 Licocoumarone 7 Prunetin 43
Gancaonin G 1 Licoflavonol 1 Pyrethrin 1 4
Gancaonin H 1 Licoflavone 2 Pyrethrin 1T 3
Gancaonin | 1 Licofuranocoumarin 2 Pyrogallol 36
Gancaonin L 1 Licoisoflavanone 2 Quercetin 2 006
Gancaonin M 1 Licoisoflavone A 6 Rutin 1483
Gancaonin R 1 Licoisoflavone B 2 Schaftoside 48
Galloyloxypaeoniflorin 2 Licorice saponine A3 2 Sigmoidin B 1
Galloylpaeoniflorin 8 Licorice saponine B2 1 Sitogluside 186
Genkwanin 153 Licorice saponine E2 1 Sitosterol 200
Glabranine 3 Licorice saponine G2 2 Strictinin 69
Glabrene 5 Licorice saponine H2 2 Tellimagrandin I 5
Glabridin 6 Licorice saponine J2 1 Topazolin 1
Glabrol 6 Licorice saponine K2 1 Trifolirhizin 1
Glabrolide 3 Licoricidin 5 Uralenin 3
Glabrone 11 Licoricone 2 Uralenol 2
Glicoricone 1 Licorisoflavan A 2 Uralenol-3-methylether 2
Glyasperin A 1 Licuraside 1 Uralsaponin B 1
Glyasperin B 1 Liquiritigenin 50 Uralstilbene 2
Glyasperin C 1 Liquiritin 15 Vestitol 62
Glyasperin D 1 Liquiritin apioside 1 Vicenin-2 9
Glycycoumarin 9 Liquoric acid 2 Violanthin 9
Glycyrin 4 Maackiain 1 1,2,3,4,6-penta-O-Galloyl-s-D-glucose 13
Glycyrol 15 Propanedioic acid 1 2-Methylheptane 21
Glycyroside 3 Medicarpin 1 3-Hydroxyglabrol 6
Glycyrrhetinic acid 31 Methyl gallate 1 3,4-Dihydroxybenzoic acid 200
Glycyrrhetol 2 Mudanpioside D 2 4'7-Dihydroxy-flavone 1
Glycyrrhisoflavanone 1 Mudanpioside E 2 5-Desgalloylstachyurin 4
Glycyrrhizic acid 10 Mudanpioside F 1 7-Methoxy-4'-hydroxyflavone 1
Glypallichalcone 2 Mudanpioside H 3 7-Methoxy-4'-hydroxyflavonol 1
Glyzaglabrin 2 Mudanpioside J 3 22p-Acetoxyl-glycyrrhizin 1
Hederagenin 121 Narcissin 153
Hexadecanoic acid 200 Naringenin 188
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Table 4 Determination of comprehensive weight of index by combining AHP and entropy weight method

Factor layer Factor layer weight/%

Control layer

Control layer weight/% Comprehensive weight/%

F1-Effectiveness 59 C1-Number of literatures 67.60 39.88
C2-Experimental data 32.40 19.12

F2-Testability 31 C3-Number of literatures 18.90 5.86
C4-Proportion of HPLC 14.17 4.39
C5-Component content 27.58 8.55
C6-Component variability 14.48 4.49
C7-Transfer rate 24.88 7.71

F3-Specificity 10 C8-Related herbs 100 10

Table 5 Information of 10 potential Q-markers of Shaoyao Gancao decoction. ND represents not detected

No. Comprehensive score Compound Molecular formula  Molecular weight Content/% Source
1 2 158.622 Paeoniflorin C,Hy04, 480.466 5.081+1.211 Paeoniae Radix Alba
2 1556.520 Quercetin C.sH,00; 302.236 0.047 £ 0.020 Glycyrrhizae Radix et Rhizoma
3 760.819 Albiflorin C,3H,.04, 480.466 1.143 £ 0.299 Paeoniae Radix Alba
4 601.291 Glycyrrhizic acid C,,He,016 822.942 2.965 + 3.251 Glycyrrhizae Radix et Rhizoma
5 577.120 Naringenin C,sH,,0; 272.253 0.092 + 0.026 Glycyrrhizae Radix et Rhizoma
6 561.751 Liquiritin C,H,,0, 418.395 0.361 £ 0.057 Glycyrrhizae Radix et Rhizoma
7 480.958 Oxypaeoniflorin C,H50,, 496.461 0.135+0.061 Paeoniae Radix Alba
8 441.305 Benzoylpaeoniflorin CyH3,04, 584.571 0.106 £ 0.021 Paeoniae Radix Alba
9 365.028 Liquiritigenin C;sH.,0, 256.253 ND Glycyrrhizae Radix et Rhizoma
10 333.393 Isoliquiritigenin C,:H,,0, 256.253 ND Glycyrrhizae Radix et Rhizoma
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