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Abstract Objective:To analyze the difference of chemical constituents in rhizomes and leaves of Polygonatum
sibiricum from Shaanxi Province. Methods: Ultra — high performance liquid chromatography — quadrupole/electro-
static field orbitrap high resolution mass spectrometry ( UPLC — Q — Orbitrap HRMS) was developed to determine
the chemical constituents in rhizomes and leaves of Polygonatum sibiricum from Shaanxi Province. The data were

analyzed by principal component analysis ( PCA) and orthogonal partial least squares discriminant analysis

R E AL AT (82104395) ; BT RHETII0 H (2024SF — YBXM —456) ; Bept 44 75k TP B2 T 425 B Rl ) (174010324027/2024)
B—1EH  Tel ;13772586208 ; E — mail ; songyijun200506@ 126. com

RO R



- 1294 -

M 4 M 2 E ChinJ Pharm Anal 2024, 44(8) @

(OPLS —DA). The structures of chemical markers in rhizomes and leaves of Polygonatum sibiricum were identi-

fied based on accurate primary mass spectrometry and secondary mass spectrometry fragment ion, combined with

the reference map, software database searching and related literature. Results: A total of 45 compounds were

identified, there were 26 chemical ingredients with significant differences distinguished by the method of

OPLS - DA, including 10 amino acids, 6 flavonoids, 3 organic acids, 2 saccharides, 1coumarin and 4 alkaloids.

Conclusion: The chemical markers of amino acids, organic acids and alkaloids are mainly distributed in rhizo-

mes, and the chemical markers of flavonoids are mainly concentrated in leaves part of the plant. It is suggested

that the potential multiple utilization of rhizomes and leaves of Polygonatum sibiricum from Shaanxi Province.

Keywords : Polygonati Rhizoma; rhizomes; leaves; plant metabolomics; potential marker; principal component

analysis (PCA) ; orthogonal partial least squares discriminant analysis ( OPLS — DA ); UPLC — Q — Orbitrap
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Fig. 1 Base peak intensity chromatograms of different parts of Polygonatum sibiricum from Shaanxi Province ( negative ion)
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Fig. 2 Base peak intensity chromatograms of different parts of Polygonatum sibiricum from Shaanxi Province ( positive ion)
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Tab.1 Identification of differential components in different parts of Polygonati Rhizoma
e s R el S o, GE BEET B o
(category) (No. ) (component ) (formula) " (theoretical (real value) min (deviation) (fragment ion) (thizome ) (leaf)
value ) m/z m/z x107° m/z
SRS 1* WRBERR(pipecolate) CeH,NO, 1290784 130.0863 130.0864 093 12 52.041,54.1774,5.053, V
(amino acids) 56.050 3, 56.170 6, 56.34
28~y — G T TR (gamma — C,HyNO, 103.0628 1040706 1040712 0.77 5.27 53.039 4,55.018 7,56.050 3, Vv VvV
aminobutryic acid) 57.034 3, 68.050 3,69.034 3
3 L RFEIR(L -arginine)  CoHuN,0, 1741111 175119 1751191 0.7 0.5 56.050 2,60.056 4,70.066, VoV
72,045 3,72. 081 4,74. 061
4% L-%NER(L -phenyl-  C,H,NO, 165.0784 166.083 1660863 L72  0.33 68.050 3,69.034 2,70.065 8, \  V/
alanine ) 79.054 9,80. 050 2,80.949 7
5% 1 - FHHFLER C,H,NO, 1010471 102055 1020554 0.79 45 5L018 2, 5.9, 55.5% 7, V
(1 — aminocyclopropane — 55.856 8,56.022 6,56.050 3
1 — carboxylic acid)
6* DL—fERER(2 —pymo-  CsH,NO, 120.042 130,099 130.0502 104 238 53.003 1,55.055, 56.050 3, V  V/
lidone —5 — carboxylic acid) 56.965 7,57.034 4,57.070 7
7% EIECE (aminocaproic CHRNO, 1310941 1140914 1140018 4.6 321 53.003 1,5.09 5,54.0%4 5, V V.
acid) 55.018 8,55.054 9, 56.050 2
8% iR (proline) CsHyNO, 115.0628 116.0706  116.071 0.84 3.15 51091 1,53.039 5,53.8%6 5, V/ Vv
55.018 5,55.055,55.301 8
9* L -ZER(L - valine) CsH,; NO, 117.0784 118.0863 118.0866  0.91 2.6 50.446 2,50.919 2,53.039 5, Vv
54.203 2,55.055,56.050 3
10* D -5 EfR(D —alloi- CgHi3NO, 131.094 1 132.101 9 132.102 1.05 106 51105 2,51.695 2,53.02 9, Vv
soleucine ) 53.039 4,54.476 9,55.055 2
¥ [n—(1-deoxy -1 —fru-  CoHyNO, 293.1469 241547 294147 131  -0.21 55.0186,5%.0503,5.043, VV
ctosyl ) leucine ] ™ 59.037 4,69. 034 5,69.070 7
12* L-{%FR(L —tryptophan) C; H;,N,0,204.0803 203.0826 203.0831 3.83 2.4 50,658 3,51.843 5,57.03% 6, vV
59.013 9,71.014,72.009 2
3% %R (arginine) CeHuN,0, 1741111 1731044 173149 075 2.9 58.029 9,58.041 2,59.013 9, V/
59.880 6,61.663 3, 68.050 5
14* [n-(1-deoxy-1- CyHyNO; 279.1313 280.1391 2801391 0.93  -0.02 55.018 7,55.055 1,57.034 3, vV Vv
fructosyl ) valine | * 57.070 6,59. 037 4,59. 365
WEEE  15¢  SF4HIAZE (saponaretin) Cy HyOpp 4321051 431.0984 431.097 514 3.07 59.013 9,71.013 9,74.143 4, \/ Vv
(flavonoid ) 77.039 9,79.018 9, 86.375
16 ZERTH (orientin) Cy HyO), 448.1 447.0933 447.04 4 4.8 255 59.013 8,61.988 3,71.013 8, Vv
89.024 5,95.019, 101.024 5
178 2Ry -3 - RREE CyHy 05 5941579 5931512 593.1536 511 3.97 59.013 9, 71.014, 85.029 5, Vv
B (kaempferol 3 — gluc- 89.024 7,93.032 2,99.216 5
orhamnoside )
18* [5,7 —dihydroxy -2 — CeH,,05 286.0836 285.0769 285.0771  7.06 0.98 55.724 7,59.013 8,65.003 4, \/ Vv
(4 — methoxyphenyl ) — 65.039 9,67.019 1,69.034 8
3,4 —dihydro —-2h -
1 —benzopyran —4 — one |
19°  S2piiZ(homoorientin) Gy HyO, 448.1 4491078 4491079 4.8 021 55.0187,5.0344,700659,
81.034 3,85.029 1,86.097 2
20" HIHIFE2” -0 -HiFWAT  CyxHygOpy 5641474 5651552 565.1554 4.76 0.32 121.028 8,189.018 7,203.0337 Vv
(vicenin iii) 283,060 8,294, 052 2,295. 060 1
208 SR (isovitexin) CyHyOp 4321051 4331129 433.1128 514 -025 55.018874.329.8.001, V.
109.028 8,119. 049 3,121.028 7
208 BEESRIFFE (rhoifolin ) CyHyOy 578.163 5791708 579.1712  5.45 0.59 57.034 4,65.001 4,67.018 7, V/ Vv
68.998 1,69.034 5,70.065 8
238 SRR (vicenin i) CyHyOps 5%.1579 5951658 595.1662  4.57 0.72 85.029,121.028 7,189.018 2, Vv vV
203. 033 5,283.06,2%4. 052 3
24" FHIAE -2" -0 -FH CyHypO05 5941579 5931512 593.1536  4.59 4.06 59.0139,71.014,93.034 8, vV Vv

M (isovitexin 2”7 =0 —

glucoside)

112.505 8,117.034 7,119.050 5
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F1(4)
K0 s pysk o, Wl SR, o fRE R s
v (theoretical (real value) ~ (deviation) (fragment ion) X
(category) (No. ) ( component ) (formula) value)m/z oz min ©10-6 s (rhizome ) (leaf)
258 formononetin 7 — 0 — CpHy0py 4441051 445.1129 445.113 1 4.83 0.36 55.018 7, 70.066, 86.097 1, \/
glucuronide 104. 107 6,107. 049 8,119.049 7
AHERZE 26" [mg(18:3(62,92,122)/ Cy HyO, 3522008 353.2686 353.2686 825  —-0.24 53.039 4, 55.055, 57.034 3, Vv
(organic acids) 0:0/0:0) ]* 57.070 7,58.065 9, 65.039 2
27 AR (citric acid) CeHgO, 1920265 191.0197  191.020 2 1 245 57.034 7,58.029 8,59.0139, V V
67.019 1,69.034 9,70.029 9
28*  EHH (malic acid) CH,O0; 1340210 133.0143 133.0144 094 105 50.360 6,51.803 6,5L.8198, V/
52.786,54.396 8,55.634 4
208 AR (gallic acid) C;HgO5 170.021 0 169.0143  169.014 8 5.34 3.08 51.024, 55.019, 57.034 7, Vv
58.006 3,59.013 9,63.024 1
308 2 — PSR C,H,05 1760679 175.06012 175.06018 422 3.14 57034 6,59.013 8,61.98 5, V/ vV
(2 - isopropylmalic acid) 62.909 8,71.013 9,71.050 2
31%  JRIER (uric acid) CsH,N,0, 168.0278 1670211 167.0215 1.0  2.81 51.326 1,53.015 1,54.914 6, V
64. 564 8,66.062,69.009 5
2" J5JLZEER (protocatechuic C,HsO, 1540261 153.0193 153.0198 3.73 2.8 59.013 9, 65.039 8, 66.035, V/ vV
acid) 68.998 4,69.034 7,71.014
B FR 2T CoHy0, 281356 271289 27.194 698 203 S0.842 5,5.034 6,59.0139, V  V
(traumatic acid) 61. 988 3,69.035,71.014
U 910 - “EHA K -10, CgHypO, 3122295 311.228 311.233 869 1.6 56421 1,5.0% 6,58.006 1, V  V
12 - Z4%2(9,10 - dihode) 59.013 8,75. 506 6,83.050 5
e 35* K (raffinose) CisHy 04 5041685 539.1385 539.1381  0.85  -0.58 55.0192,56.964 6,57.035 1, Vv vV
(saccharides ) 57.194 6,58.006 7,58.526 7
368 WA D - ( +) —tre- Cp,HyO) 3421157 341.1089 341.1101  16.9% 3.36  55.019 2,57.034 4,58.006 1, Vv
halose | 58.985 8,59.013 9,59.043 1
37 D —PuhiffgE CsHjjOs 150.0523 149.0456 149.0459  0.89 232 51.015 2,57.034 7,58.017 6, Vv
(D - arabinose) 59.014 2,59.116 9,61.449 9
FHEE /" IECEEE CyH,NO; 2831203 2841281 2841281  6.07  -0.22 51.023 9,53.039 5,55.018 7, vV
(coumarins ) (coumaroyl tyramine ) 55.054 9,56.216 8,65.039 7
BEE 0% AR (fistuloside ¢)  CisHpOpy 9164662  899.4635  899.4637  5.41 0.2 69.0342,600.070 6,71.049 8, Vv vV
(saponins) 73.029 1,73.065 5,75.044 7
40" {neogitogenin 3 — C;sHy O 918.4819 901.4792  901.4794 5.8 0.24 67.055, 69.034 2, 69.070 6, Vv
[glucosyl - (1 - >2) - 73.029 1,73.065 5,79.054 9
glucosyl - (1 = >4) —gal-
actoside ] | ™
A 418 EEEGH (betaine) CsH, NO, 117.0784 118.0863 118.0866  0.81 2,55 56.050 4,56.850 1,57.905 4, \/
(alkaloids ) 58.037,58. 065 9,58.093 2
2% FTEREEEIE (feruloylt- CigHoNO, 3131309 3141387 3141385  6.16 -0.6 51.417 2,53.039 4,55.018 7,
yranine) 57.763 6,77.039 1,79.054 9
43* {(e) -n-[2-hydroxy - C,;H;NO, 29.1152 282.1125 2821124 5.31 -0.19 55.055 1,65.039 4,67.05 1,
2 — (4 - hydroxyphenyl ) 69.034 2,69.070 7,79.054 9
ethyl ] =3 — (4 - hydroxy-
phenyl) prop —2 — ena-
mide} *
44* {(e) -n—[2-hydroxy - CxHoNOs 329.1258 3121230 312129 543  -0.28 63.024 4,81.070 5,80.039 2, \/ vV
2 — (4 - hydroxyphenyl ) 91. 054 9,103.054 5,106. 41 9
ethyl ] =3 - (4 - hydroxy —
3 — methoxyphenyl ) prop —
2 —enamide | ™
458 2 PR —deo-  CuHuNs0325L1013 2521001 252192 164 023 56.0503,57.043,60.043, V
xyadenosine ) 70.065 8,71.049 9,71.086 0

¥ (note) : * . 3E L% BE G4 X HL B A (confirmed by comparing with reference substances ) ;.

# S B PR & A (confirmed by database search) ; R R4S (undetermined component )

HWEHR L

30 3 SCHk 3 R 56 IA (confirmed by literature search ) ;
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Fig. 3 Score scatter plot of different parts of Polygonatum sibiricum

from Shaanxi Province
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Fig.4 OPLS - DA score plot (A) and S - plot (B) of different

parts of Polygonatum sibiricum from Shaanxi Province
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Tab. 2 Differential metabolite of different parts of Polygonatum sibiricum from Shaanxi Province

45 (No. ) R4 (metabolite ) VIP FC P B 7L (fon mode)
1 WERERR ( pipecolate ) 4.45 8.4 <0.05 +
2 L - ¥5A R (L - arginine ) 2.93 201. 81 <0.05 +
3 L - ZKNE R (L - phenylalanine ) 3.70 4.81 <0.05 +
4 1 — ZFEARPFHERER (1 — aminocyclopropane — 1 — carboxylic acid) 5.52 36. 12 <0.05 +
5 DL - 2552 (2 — pyrrolidone —5 — carboxylic acid ) 3.76 140. 37 <0.05 +
6 L - 55 fR (L — valine) 2.88 3.54 <0.05 +
7 D - 557524412 (D — alloisoleucine ) 4.21 4.58 <0.05 +
8 [n = (1 —deoxy —1 —fructosyl ) leucine ] 3.9 0.06 <0.05 +
9 L — {8/ (tryptophan ) 2.84 9.19 <0.05 -
10 [n = (1 —deoxy — 1 —fructosyl ) valine ] 4.97 0.18 <0.05 +
11 SR 2 (Saponaretin) 6.29 0. 005 <0.05 -
12 F2F#Z (homoorientin ) 2.30 0. 0007 <0.05 +
13 HIRZE 27 — 0 - AT (vicenin iii) 8.19 0. 003 <0.05 +
14 SO 2 (isovitexin ) 6.97 0.004 <0.05 +
15 SAE R B (vicenin i) 2.09 0. 004 <0.05 +
16 SHFAER 27 — 0 - FZHEE (isovitexin 2”7 — O — glucoside) 2.67 0.014 <0.05 -
17 PR (citric acid) 2.81 2.12 <0.05 -
18 SEARER (malic acid) 6.44 3.59 <0.05 -
19 JFULZRIR ( protocatechuic acid ) 2.29 0.04 <0.05 -
20 HEF (raffinose ) 2.26 3.98 <0.05 -
21 D — BRI D — arabinose ) 6.04 0.10 <0.05 -
22 Fob 75 S kI 1 ( coumaroyl tyramine ) 2.37 34. 80 <0.05 +
23 0% (betaine ) 2.31 0.13 <0.05 +
24 [ 2Rk E& I (feruloyltyramine ) 3.50 17.92 <0.05 +
25 { (e) =n —[2 - hydroxy -2 — (4 — hydroxyphenyl ) ethyl ] =3 — (4 — hydroxyphe- 3.4 110. 00 <0.05 +
nyl) prop —2 — enamide |
26 { (e) —n —[2 —hydroxy -2 — (4 — hydroxyphenyl ) ethyl ] =3 - (4 - hydroxy — 3.95 183.56 <0.05 +

3 — methoxyphenyl ) prop —2 — enamide |
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Fig. 5 Contents of chemical constituents in different parts of Polygonatum sibiricum from Shaanxi Province ( the serial numbers are the same as
in Tab. 1)
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