FARF=HITFSE 5 FF % Nat Prod Res Dev 2020,32:257-268

H F HPLC-Q-Exactive Orbitrap/MS AR 547
AEFBEXRFEHNERUERS

EWwE A L AOAT IEE T, BLA
LR R B 25256, T8 214000

B HRR DR AT 2 UG B S 5 A (5 - 6 PR 038 B ( HPLC-Q-Ex-
active Orbitrap/MS) 456 2 TG4 4 BT H AR XA T2 55 1126 1 AU Iy IURL 0 2 53162 B4R HEA T BF 96 26T
HPLC-Q-Exactive Orbitrap/MS fRIAL: FEAR 55 A HCPF BRI S IEFT UG S0 . T AR 5M07 (PCA) L i
S TRVEFIBISHHT (PLS-DA) RIE S/ T FI BT (OPLS-DA) 5 Jy ok i o IS 5 22 SRAL A 46 SR % , K
TBAGG U Ry ORCRE e 2 1A A B350 53 T IE S8 TR 4R M) 98 AN 52 /42 A
WS 6825 S5 B P AT HLR BRI LR 4 el EL PR 2 L, 0 57
TR 0 0 2 A 2 ST R IR R 2R A BB B R S R SR Ve

SRR T2 BRI €485 £ GE 0 FF A8 8 53 90 B 3 HIPLC-Q-Exactive Orbitrap/MS) 3 22 S 153 £ 55

HR 2GR R 2 Dy kL
HE S RIL7 X HkERIRAD : A &4 :1001-6880(2020)2-0257-12

DOI:10. 16333/j. 1001-6880. 2020.2. 010

Difference of chemical compositions in Pseudostellariae Radix with
different dosage form by HPLC-Q-Exactive Orbitrap/MS
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Abstract:In order to explore the influence of different dosage forms on the synthesis and accumulation of metabolites of
Pseudostellariae Radix (PR) , HPLC-Q-Exactive Orbitrap/MS method combined with multivariate statistical analysis was used
to analyze the different chemical components in traditional PR Chinese medicine decoction pieces and PR formula particles.
Based on the metabolomics technology of HPLC-Q-Exactive Orbitrap/MS, the components were identified by software database
search. Principal component analysis ( PCA ), partial least square discriminant analysis ( PLS-DA) and orthogonal least
square discriminant analysis (OPLS-DA) were used to select and identify the different chemical components. Results showed
that the traditional PR Chinese medicine decoction pieces and PR formula particles can significantly distinguish,98 differenti-
al chemical compositions were found in positive ion mode ,while 52 differential chemical compositions were found in negative
ion mode. The differential chemical compositions are mainly concentrated in flavonoids, organic acids, fatty acids, and amino
acids compounds,and present different change rules , mainly involved in the isoquinoline alkaloid biosynthesis metabolic path-
ways. The study can provide basic information for revealing the influence law of different dosage forms on the synthesis and
accumulation of metabolites in PR.
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Table 1  Components identified with significant differences from Pseudostellariae
Radix with different dosage form in positive ion mode (P <0.05)
%> B i) &Y 1 AHXS 73 i P
No. tg (min) Compound Formula m/z Fold change
ERZAL A Flavonoids

1 5.418 Isoformononetin CieHp 04 268.074 4 4.25

2 4.155 Formononetin CigH,,04 268.074 6 1.39

3 7.070 Sophoraflavanone B CyoHyyO5 340.132 4 0.78

4 4.919 Glutinone C30Hy O 424.372 1 7.73

5 3.662 Diosmin CygH3, 045 608.176 7 2.44
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2:5% 1( Continued Tab. 1)

i R B 1 ] wEY 43 F AHXT 43 BT it 2 AR
No. ty (min) Compound Formula m/z Fold change
6 4.436 Formononetin 7-(6''-malonylglucoside) ~ Cp5Hy Oy 516.129 0 5.64
7 7.095 Sophoraisoflavanone A Cy; Hy, O 370.143 2 0.60
8 3.730 Hesperidin CogHy, O 610.192 1 0.43
9 3.575 Naringenin CysH,, 05 272.069 4 -1.70
10 4.314 Luteolin C,sH,00, 286.048 7 -1.39
11 3.731 Cirsilineol CisH,60, 344.090 8 2.78
12 5.086 Tsokaempferide CyH,, 04 300.064 5 2.41
13 6.000 Chrysin C,sH,00, 254.058 8 4.81
14 4.863 Malvidin C,,H,50, 330.075 1 4.05
15 4.989 Glycitein CgH,, 05 284.069 5 4.41
16 4.110 Tangeritin o Hap O, 372.122 1 4.06
17 3.576 Naringin CyHy, 0y 580.181 7 0.77
18 3.695 Luteone 7-glucoside CosHag O, 516.165 4 -1.69
19 3.386 Quercetin C,sH,0 0, 302.043 9 0.72
20 3.576 Naringenin-7-0-glucoside Cy Hyp Oy 434.123 1 -1.02
21 6.117 Liquiritigenin C,sH,,0, 256.074 6 -1.69
2 3.384 Genistin Cy1 Hyy 0y 432.107 6 2.71
23 3.562 Gentisin C, H 004 258.054 0 -0.69
HILREEY
Organic acids
24 3.270 Puerarin Cy1 Hyo 0 416.113 1 2.44
25 10. 543 Camellenodiol o Hy 05 442.346 1 9.72
26 10.572 Pfaffic acid CoHyy 0y 440.330 5 7.76
27 8.221 Spinosic acid A CioHyg O, 472.357 3 2.92
28 2.716 Tndoleacrylic acid C,,HyNO, 187.064 0 2.33
29 3.560 Sinapic acid C, H,,0, 224.069 3 1.34
30 3.527 p-Hydroxyphenylacetic acid CyHg 05 152.047 9 2.57
31 5.708 (-)-Jasmonic acid CpH,505 210.126 3 1.72
2 3.703 Tropic acid CoH,005 166.063 6 3.05
33 1.816 Cinnamic acid CoHy 0, 148.053 1 2.27
34 1.327 Epinephrine CyH,3NO, 183.090 3 3.35
35 2.893 Ferulic acid CioH,00, 194.058 8 -1.28
36 1.259 Niacin CeH;NO, 123.032 6 2.71
37 3.532 Anthranilic acid C,H,NO, 137.048 3 5.05
38 2.892 Salicylic acid C,H,0, 138.032 3 1,71
39 1.154 DL-pipecolic acid CeH,y NO, 129.079 6 2.31
40 1.930 3-Indoleacetic acid C,oHyNO, 175.064 1 5.27
41 3.487 Phenylacetic acid CeHg0, 136.053 1 3.41
) 1.161 Benzoic acid C,Hg0, 122.037 5 -1.50

43 3.139 p-Coumaroyl quinic acid CsH50g 338.102 0 -1.05
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2:5% 1( Continued Tab. 1)

i R B 1 ] a 43 F AHXT 43 BT it 2 AR
No. tg (min) Compound Formula m/z Fold change
44 1.393 2-Furoic acid CsH, 0,4 112.016 8 -1.82
HEMBEY
Amino acids
45 1.036 Valeric acid CsH,, 0, 102.068 9 2.07
46 5.157 S-adenosylhomocysteine Cy4HyyNgO5S 384.122 3 0.88
47 2.608 L-tryptophan C Hj;N,0, 204.090 4 2.54
48 1.672 L-phenylalanine CoH;;NO, 165.079 6 2.57
49 0.996 L-tyrosine CoH;;NO; 181.074 6 2.08
50 2.726 L-glutamine CsH,)N, 04 146.069 6 -1.82
51 1.005 L-methionine CsH,;;NO,S 149.051 6 2.95
52 1.305 L-leucine CeH3NO, 131.095 2 2.17
53 0.973 L-proline C5HyNO, 115.063 9 -1.79
54 1.157 Pyroglutamic acid C5H,;NO; 129.043 2 3,15
55 0.949 L-asparagine C4HgN, 05 132.054 1 -1.73
56 1.159 L-valine CsH;;NO, 117.079 5 -1.41
57 0.922 L-histidine CeHoN; 0, 155.070 1 -1.93
NEWIRR AL G
Fatty acids
58 1.130 a-Ketoisovaleric acid CsHg O 116.048 1 2.15
59 7.416 Phytosphingosine Ci3H3gNO; 317.294 1 5.60
60 8.324 LysoPE (0:0/16:0) G, Hy NO, P 453.287 3 4.68
61 9.515 Sphingosine C,gHs; NO, 299.283 4 4.49
62 7.920 Sphinganine CigHy;oNO, 301.299 2 6.27
63 16.271 Phosphocholine CsH,NO,P 183.066 7 1.96
64 8.562 LysoPC(16:0) C,y HsyNO, P 495.334 5 4.30
65 0.852 Choline CsH,NO 103.099 2 1.51
BATR LAY
Nucleosides
66 5.853 Jasmolone C;His0, 180.115 7 -1.27
67 0.880 Guanosine CioH3N505 283.091 7 2.32
68 1.155 Adenosine CoHi3N50, 267.097 6 2.33
69 2.673 5'-Methylthioadenosine C;HigNsO,PS 297.090 7 -3.52
70 1.154 Adenine CsHsN; 135.055 0 2.07
71 1.157 Guanine CsHsN50 151.050 0 -1.59
72 3.038 Hydrouracil C4HgN, 0, 128.059 1 -5.01
73 1.155 5'-Deoxyadenosine CoHi3N50;4 251.103 3 2.72
feAEFZRMEY
Vitamins
74 0.996 Uracil C,HyN, 0, 112.028 1 0.57
75 10.769 Vitamin D2 CygHyy O 396.340 5 7.77
76 2.037 Pantothenic acid CoH,;NO4 219.1115 -3.33
77 1.694 Pyridoxamine CgH|,N,0, 168.090 5 -2.08
78 1.157 Pyridoxal CgHyNO4 167.059 0 4.49
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2:5% 1( Continued Tab. 1)

%> P P 1] &Y K AR 23 o ZRATE

No. tg (min) Compound Formula m/z Fold change

5251659 Terpenoids

79 1. 154 Niacinamide CeHgN, O 122.048 7 -3.94
80 3.405 Plaunol B CyoHyyOg 356.123 1 3.55
81 3.456 Genipin Cy;Hy4 Os 226.085 0 4.04
82 6. 161 Glutinosone Ci4Hy 0, 220.147 1 -1.91
B2 k&4 Phenols
83 5.360 Glabrolide Cs0Hyy Oy 468.326 0 -0.58
84 10.15 a-Tocotrienol CyoHyy O, 424.335 2 6.13
85 5.323 Thymol CyoHy 0 150.104 9 2.10
HPITEAL &) Alkaloids
86 6.131 6-Gingerol Ci7Hy 04 294.184 1 2.61
87 8.043 Terminaline C,3;Hy NO, 363.3152 4.99
88 0.892 Trigonelline C;H;NO, 137.048 3 -1.60
LA R
Catecholamines
89 1.151 L-nicotine CioHiyN, 162.116 4 -1.85
90 1.163 Norepinephrine CyH,, NO, 169.074 5 3.19
91 1.010 L-dopa CyH,;NO, 197.069 5 -1.93
JieZeA &4 Amines
92 3.719 Dopamine CgH;;NO, 153.079 5 -3.69
93 1.164 Histamine CsHgN; 111.080 3 2.85
F IR B Steroids
95 2.907 Caprolactam CgH; NO 113.084 8 2.95
FHELMEY Coumarins
9 4.033 Soyasapogenol C CyoHig 0, 440.367 1 9.24
24t 54 Ketones
96 2.979 Coumarin CyHg 0, 146.037 3 2.23
REEAL A Aldehydes
97 5.300 Cis-jasmone C, H,s0 164.120 6 -3.91
08 3.311 4-Hydroxybenzaldehyde €, H,0, 122.037 5 3.54

®2 HABETEATEETHHARFBEXFSERULERS (P <0.05)
Table 2 Components identified with significant differences from Pseudostellariae Radix

with different dosage form in negative ion mode (P <0.05)

% P B i ] Ey i LiEROp s N eI

No. tg (min) Compound Formula m/z Fold change

AL A Flavonoids
1 3.017 Apiin CaeHag Oy 564.145 7 1.06
2 4.151 Hesperetin 7-0-glucuronide CypH,y, 04, 476.129 5 2.15

3 5.409 Isoformononetin CisH1, 04 268.072 4 4.88
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2:5% 2 ( Continued Tab. 2)

ELRe) B i 1) Ay Pi i AR 537 Bt ZESAIEL
No. tg (min) Compound Formula m/z Fold change
4 3.652 Diosmin CysH3, 045 608.170 5 3.17
5 4.435 Formononetin CisH;, 04 268.072 1 6.62
6 4.306 Tangeritin CyoHy 0, 372.119 6 2.89
7 4.094 Taxifolin CisH,,0, 304.056 8 2.21
8 4.312 Luteolin Ci5H;oOg 286.046 2 -3.36
9 3.785 Naringenin-7-0-glucoside Gy Hyy Oy 434.119 1 2.46
10 3.625 Astragalin Cy Hy Oy, 448.098 3 -1.23
11 3.589 3" 4" -Diacetylcosmosiin CysH,;NOy, 516.123 7 -3.37
12 4.979 Glycitein CisHp 05 284.066 8 -1.05
13 6.114 Liquiritigenin CisH,04 256.072 1 -1.46
14 5.997 Chrysin CisH, 04 254.056 4 3.77
15 6.934 Genistein CysHyp 05 270.051 3 2.91
16 4.852 Malvidin C7Hi50, 330.072 1 4.38
17 4.070 Daidzein CisH;o04 254.056 5 -3.62
18 3.064 Gallocatechin CisH4 0, 306.075 6 -3.31
19 4.541 Hesperetin CisH, Og 302.077 0 3.23
20 3.064 Keioside CysH3, 046 624.165 2 0.62
AHLIRZEAL AW Organic acids
21 4.494 Eriodictyol CysHy, 06 288.061 6 2.77
22 0.904 Suceinic acid C4Hq 0, 118.026 0 0.47
23 0.906 Citric acid CeHg O, 192.025 2 3.37
24 0.983 D-glucarate CeHyp 04 210.035 6 2.49
25 5.620 (-)-Jasmonic acid C,Hi504 210.123 6 1.83
26 5.447 Auxin a CigH3, 05 328.223 7 -1.21
27 3.631 Tropic acid CoHy 05 166.062 4 -1.94
28 2.863 p-Coumaroyl quinic acid CiHg0g 338.098 8 3.19
29 0.890 Glutaric acid CsHg O, 132.041 6 2.92
30 3.760 Sebacic acid CioHi304 202.119 4 -1.55
31 5.850 Hexadecanedioic acid CigH3004 286.212 8 -1.30
32 0.904 Citramalic acid Cs5HgO5 148.036 2 0.44
33 0.956 Quinic acid C,H,, 06 192.062 2 2.72
NRIFERZEAL AW Fatty acids
34 3.965 Nonanedioic acid CoH 40, 188.103 1 0.97
35 9.063 LPA(0:0/16:0) C1oHyp O, P 410.241 8 4.49
36 3.261 6''-Malonylapiin CaoHjy 047 650. 146 1 5.43
37 8.322 LysoPE(0:0/16:0) C, Hyy NO, P 453.283 4 4.97
38 10. 105 Linoleic acid C3H3,0, 280.238 5 3.80
B4k &) Carbohydrates
39 5.287 Traumatic acid C,Hy 04 228.134 6 -3.00
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%23 2 ( Continued Tab. 2)
i R B 1 ] a 43 F AHXT 43 BT it 2 AR
No. tg (min) Compound Formula m/z Fold change
40 0.842 Sucrose CpHy; Oy 342.114 6 1.04
41 0.827 Raffinose CigH3, O 504.166 7 1.09
42 0.892 3'-Sialyllactose Cy3HygNOyg 633.208 7 -1.81
BB EY
Vitamins
43 0.912 a-D-glucose CeH,,0g 180.061 6 -1.13
44 0.876 L-ascorbic acid CeHg Oy 176.031 4 0.31
45 2.037 Pantothenic acid CoH,7NO4 219.109 2 -1.85
BArR e EY
Nucleosides
46 2 751 Riboﬂavin C17 H20N4 05 376 135 1 —2. 27
47 0.915 Thymidine CioH4N, Os 242.089 0 0.73
AERBEY
Amino acids
BENREEEY
Phenylpropanoids
49 0.833 L-glutamate CsH;NO, 147.052 3 1.35
LA RS
Catecholamines
50 2.491 Chlorogenic acid CisH509 354.093 4 0.83
[IE Sty
Terpenoids
51 1.156 L-dopa CyH,;NO, 197.067 4 -1.85
52 4.461 Abscisic acid CisHy 04 264.134 5 -1.52

3.4 ZRUERSHENSEST

EE TR KT A (TY) MX & & > K
TSROk (TK) FHXF & = A 23 4, TY < TK #9497
T5AN B FREX T TY > TK B9A 19 4, TY < TK
B4 33 4~ (fold change >0, W] TY X} & & > TK
X} & &5 fold change <O, W TY A% & & < TK AH
X Er) o HE Sa f1Sb IR0, 7EIE B PN, TY
AEXT &1 > TK A X 5 5 19 25 AL 0 o A T 9
FKALE Y, o iR AR D RS o TR
Y1 31% . TY MIXF & & < TK A& 20 22 51
FOT AT T 14 RAE Y AR KA EY)
&2 (18 1~,24% ) , U BB e (17 4~,23% ) 5
SREHERIE (13 4,17% ) . Kl Sc il 5d iR,
FEGES AU, TY A & i > TK AR & & 19 22
SAERSYAE T 7 R0 G Y, i FE 2B
BAZEAL S W) (5 4>,26% ) , o A A HLIR2E (4 4,
21% ) MBRITRRIE (4 1~,21% ) o TY AHXF & & < TK
AR5 1 28 Ak 22 A A s T 8 ek &, Horh
B o) 7 Hfe e (16 4>,49% ), KOy A HLIR
FK(9M,27% ) o HUEAT UL, RFIFIBR F 2 1) 25 57

5oy FEAR TP AR B A LR IR TR | R
Kb &Y b A, S AL TGS SRR IR B Tl
AR, K72 0R A X & iR w2 5
A B BCRE MFN S 2 TR 7200, By
P VE R SR 2846 5 W), [ 9 chrysin (14
Z) \ naringin (JI[ R K 3 ) | luteolin ( A B2 HE 5K ) |
genistin (YRR 45 s AP R ST AL A LR ZE
&Y, £35 cinnamic acid ( AIFERR) ferulic acid ( ]
L) \salicylic acid (KAHIR ) 55 s BA e S 1 H]
MRS R G Y, A4 L-tryptophan (A 2R ) | L-
phenylalanine ( 2N & Ji% ) \L-tyrosine ( F§ & Ji2 ) 55 .
3.5 K@

ik MetaboAnalyst [0 il 14 2 AR 38 #5397 , K¢
FR%ENEYI I KEGG 5 A MetaboAnalyst i
Frid g o br. FIFHFRHD Fenix , £ P& 52 191 #t
{EL(Tmpact {E) B 4 0. 6, K T 3X MELHF Bk PEAE
TSR AT . A&l 6 s, B s Y AR
R/MRERACH] 18 % 1 Tmpact ], Tmpact {5 8K, 2f
FRHA 5 189 0 B0 AR A T Y P AL, P (B
AN BEBRET . Z5 b, R A B S A A )
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Fig. 5 Comparative analysis of contents of different chemical components in Pseudostellariae
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Radix with different dosage forms under positive and negative ions mode
T ra MIEE TR TY A& > TK AR & 5 922 A2 2y s b D IE RS 75 TY ARRT & B < TK AN & 519 22 ALy s ¢ Mg &
RIS TY ARXE 2t > TK AR % 1 109 22 A6 27000 s d 5 TR0 TY AR5 i < TK AR & 52 (1 22 5 k4180 . Note:a represents The rela-

tive contents of differential chemical compositions in PR decoction pieces > PR formula granules in ESI * ;b represents The relative contents of differen-

tial chemical compositions in PR decoction pieces < PR formula granules in ESI* ;c represents The relative contents of differential chemical composi-

tions in PR decoction pieces > PR formula granules in ESI" ;d represents The relative contents of differential chemical compositions in PR decoction

pieces < PR formula granules in ESI.
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Fig. 6  Analysis of pathway impact

A Ry kA Myl & . Note: A represents isoquinoline
alkaloid biosynthesis.
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