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Chemical components from stems of Solanum nigrum by LC-MS and NMR

GAO Shu-hong!, SU Zhen-zhi', YANG Lin-jiao?, LI Zhen-yu?
1. Shanxi Pharmaceutical Vocational College, Taiyuan 030031, China
2. Modern Research Center for Traditional Chinese Medicine of Shanxi University, Taiyuan 030006, China

Abstract: Objective To investigate the chemical composition from the stem of Longkui (Solanum nigrum, SN) using LC-MS and
NMR. Methods UHPLC-QExactive high resolution mass was used, and the fragmentation pattern coupled with the molecular
network was applied to identify the structures. The chemical shift and coupling constant in NMR was also used to identify the chemical
constituents. Results A total of 89 compounds were identified by LC-MS and NMR, including five steroid alkaloids, 28 steroid
saponins, 16 free amino acids, and 40 compounds with other structure types. Among them, 54 compounds were reported for the first
time in SN, such as chlorogenic acid, 6-hydroxyluteolin 7-sophoroside, dihydroxybenzoic acid, trigonelline, and etc. Conclusion
The integrated chemical analysis by LC-MS and NMR identify more compounds and enrich our knowledge about the chemical
composition of SN. It will lay the basis for the further study on the bioactive compounds in SN.

Key words: Solanum nigrum L.; LC-MS; NMR; steroid alkaloids; steroid saponins; chlorogenic acid; 6-hydroxyluteolin 7-sophoroside;
dihydroxybenzoic acid; trigonelline

WZENHRHEI e Solanum nigrum LT 73 #4338 7 LLEFURH TN E &5 B H AL

G, RAESE O BRI RN, MEIE,
DR O, A, B b, BiEREE. 0E
MO FIKTEM . IERZARR 2 DRk, IR 2 H
THR HURTE. HURE L UNE S5 2.
AR LS I A AT T REE T,
AN EFEE S 2R SR, b DL
B AT At i) 25 B BBy Ak, Mok ar

YksHEA: 2020-06-29

REFLEY, DASERSEY . My TAHLIR
KAWL, STHEER R eSS T
FRRAWET, B RFER T GG EIER
BRFEAERDC, SR R ETR
WEEETS, IR 2RI 2 A, I AR
HARRE -, aRhafflEs, . R,
PAZENE, (R LM R 60%Lh Fo {HHHT

EEWE: ™ P2 o mmt 7t SHH L 7645 55 SK8e = U H (201605D111004); 11 P64 i 2644 B b 2540 7 b7 FRERIE 7 55 H (2016006C)
TEEBN: "L (1975—), 2o, Y, BRSOy R 2 i s, Tel: 15034119188 E-mail: 893505736@qq.com
MEAEMEE: 285 (1980—), T, #d, WHFIr 2R fl KRGt a5, Tel: (0351)7011202  E-mail: lizhenyu@sxu.edu.cn



» 1264

23

202143 8 52 E 5 Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 5

(2T NVIBOE A 95'%, d-E8  EFSIE I i e ¥R
WM S RORIGE, % B HAL S A i
1T RG5HT

T AR 5T e B AR AE 24540 2 1 o Bt 1)
HARR T TR H, WA SR UPLC-Q-
TOF-MS AR MWHIFFF 45 55 MU0 18
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TELRMANL DUTCRREE IR . AHIRAR . E Bt FERs (32
[ 28 2R Kt R B4 A F D), ThermoScientific™ Q
Exactive 21L& PUMAT Orbitrap FiiGAX (SEEFEER
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ED. AR H ISR RN L (TSP, Cambridge
Isotope Laboratories Inc, MA, E[H), HEE (44T
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2.1 BIERRIEEH
2.1.1 3% Waters Acquity UPLC HSS T3 &
R (100 mmX 2.1 mm, 1.8 um), FEHHN 0.1%
R K VB (A) -2 (B); BAFEVEME (0~15 min,
5%~20% B; 15~20 min, 20%~35%B; 20~30 min,

35%~55% B). fEifN 35 C, HBHEN 0.25
mL/min, HFEEN 1 uL.
2.1.2 JREIESM Full MS/DD MS? (TOPN): K]
HIWE % B FU8 (HESD; 4 7 sUR A IE 7 B+ 1A
A, BHEIRE N 320 C; BSREBREN
241.5 kPa (35 psi), B SARRE A 69 kPa (10
psi); IEE PR FWIZHER 3.5 kV, AT
N FWIEHE RN 2.5kV, EHHEEN 55kPa; #R7:3k
IRASEEE N 300 C; HAWIZE HRCA 100 V;
NEC: 20, 40, 60; =45 =6 FIA m/z 80~1200,
BB HEE N 70 000,
2.2 FEGNE S

FE&LT 600 MHz (25 °C) NMR 1% (Bruker,
Germany) EISE, SREFIRECH 64, 159 12345.7 Hz,
Bk PR A 6] 14 ps, SREERT(E] 2.654 s, 5i&ASTE] 1.0 s,
RFEEE 565 536, FID 43##% 0.188 Hz, KFE[H
B% 40.5 ps, FBhHEATAIAL R L FELRR T SLIERIE
FEM AL 72 K H noesygpprld J7 %1 il 7K I,
W HRA TSP.
2.3 HIXEA R

BUh S TE MR35 223G &, MR, i 80 HI,
RS FRBUR A 0.50 g, BT 10 mL BEIEEH, 1 50%
IR K VAW 6 mL, JABE 1 min, #8/5 $£HL 25 min,
A ZE %R, 3500 r/min B0 25 min, B EIEHRE
0.22 pm fALUEMRLEE, T UPLC-Q Exactive MS
3T

K B PR B AT S J5 (256 0K 0.50 g, i 80
Hif, BT 10 mL 08, INZEMAK R FES 3
mL, JAHEVRES] 1 min, A $EE 25 min, ZiE T 3500
r/min &5 25 min, $ERGRIRE KRS 25T I E 7T
NITACHEE 300 uL S57AREK 300 pL, BHEH
2 1.5 mL B0, 13 000 r/min &0 10 min,
FEE_ L5 W 500 L T 5 mm AZ L, T '"H-NMR
3T
24 XRMARSIE

TR EDCHE I 73 e R N S AT & B, RS 2R
€, HET S mL 2 HTPEVAR, €8, 25
B 1) R BV FE A 2,040 2.030 mg/mL HRRR, BUE
AR, R 10 5B T 4 CUKHE, &
2.5 AU
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Fig. 1 Base peak ion chromatogram of stems of S. nigrum in positive mode (A) and negative mode (B)
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Table 1 MS results of constituents identified in S. nigrum
, R
JF%5  tr/min G aie WEY M-H]/M+H]" X107 MS?
1 094* CHuNO: HEER 175.119 1 11 175.1191,116.170 9, 71.069 0, 70.065 8, 60.056 3
2 097 CeHN;O: AHRE 156.070 9 12 156.0709, 131.974 4, 110.071 6
3 1.48¢  (7HOs BRETRI 169.013 9 1.8 169.0139,125.023 8, 97.028 7, 69.033 6
4 1.09% CeHi0r FFLIERERR 195.050 9 0.5 195.0509, 177.040 5, 159.029 9
5 110> CsHsNs JRIERS (BRI U 136.061 9 1.5 136.0619, 119.035 6, 94.065 5,92.049 8
6 1.14* CsHNO;  HEAZR 130.499 9 1.5 130.050 0, 84.044 9, 69.070 5, 56.050 1
7 L14>  CeHsNO»  fEERI 124.039 6 2.4 124.039 6, 106.029 4, 80.050 0, 78.034 4
8 LI7° CHuNOs  BEAR 182.0810 0.6 182.0810,165.0457,136.075 8, 119.049 3, 107.049 7, 95.049 5
9 117" CupHaNOs 9-#ZE-139-Tkt = 276.1444 1.1 276.144 4,158.133 6, 230.138 7,212.128 0, 161.068 3,
BRI 144.101 9, 132.102 0
10 123° CHNO,  y-ZHETERIM 104.070 4 3.5 104.107 4, 87.044 5, 86.060 4, 58.065 8
11 1.33>  CsHsNs JRIERS g 136.061 8 0.7 136.0618, 119.049 3, 94.065 5,92.049 7
12 137" CipHaNOs  glutarylcarnitine 276.144 3 0.7 276.1443,158.133 7,230.138 8,212.128 3, 161.068 4,
144.102 0, 132.102 1
13 142>  CpHisNOs %M 254.102 1 0.4 254102 1,208.058 2, 136.990 6, 119.118 4
14 147° CHiINO»  FKRAER (R4 166.086 4 1.2 166.086 4, 120.081 1, 103.054 6, 91.054 5, 77.039 4
15 1500 CieHisOy  ZRER (Bt 3551001  —5.9 355.100 1, 193.046 9
16 1.67° CHINO»  FKEAEEE (R 166.086 4 1.2 166.086 4, 120.081 1, 103.054 6,91.054 7
17 174 CioHiN4O3 A EBER A& B 238.068 7 2.9 238.0687,192.102 2, 120.995 9, 103.054 6
18 207 CuHpN:0: BE#K 205.099 9 1.4 205.0999,188.070 7, 170.060 1, 159.091 8, 142.065 3,
132.081 0, 118.065 4
19 207 CuHsNO»  MBWE-3-IIRER 188.070 6 1.6 176.061 1, 146.060 2, 186.065 4
20 2.14%¢ CsHuUNO,  Hi&EM 118.086 5 2.5 118.086 5,72.081 4, 59.073 8, 58.065 8
21 216 CiHeOs 24-TRIEEFERM 1530189 —2.6  153.0189, 109.028 8, 96.959 3,91.018 1
22 241 CiHiwOy SRR 353.087 2 2.0 353.0872,191.056 0, 179.035 4, 173.048 8
23 3100 CsHaN4O  JEMERSI 137.045 8 0.7 137.045 8, 120.047 7, 119.059 4, 110.060 4
24 3520 CeHpOr 7 B R 197.070 4 1.6 179.070 4,151.039 2, 131.974 4, 113.954 0
25 3.62%¢ CsHigN2Os  glycyl-L-leucine 189.123 4 22 171.116 8,156.093 4, 129.091 1, 1 119.085 9, 105.070 3
26 375  CoHsOs Il 179.0347  —11 179.034 7, 135.044 6, 112.984 9, 89.023 5
27 452° CyHxOn  6-BFEABRER 78 6251420 0.3 625.1420,431.904 1,300.028 0,271.025 3
iRE]
28 4.82%¢ C7HeO4 2,5- TR AR HRIS) 153.0189  —2.6 153.0189,109.028 8, 96.959 3, 91.018 0
29 8.01" CoHiN2Os  JRFFM 2450763  —2.0 245.076 3, 202.050 6, 185.070 9, 132.080 9, 131.069 0
30 12.12%  CisHuN2O3  N-ZBEEEHRRZBN 2089367  —05  208.9367,103.9195
311649 CyHoO:M D S5 Hfk 4153200 1.0 4153200, 271.205 4,253.195 4, 161.132 6
32 1787%%  CysHsNOws LIS 884.499 5 0.7 884.499 5,738.429 9,396.3259,271.204 8, 253.195 1
33 17.87°  CuHsNO7  y-MLMMBHILER (M 5763895  —02 576.3895,415.319 5,271.205 0, 253.195 3
ﬁi) [15]
34 18.12  CxHsOs T-Hex B7 114 579.390 0 0.9 579.3900,417.336 5,399.3269, 273.2213, 255.2107, 161.132 5
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F%  wmin  HF Ew) [M-H]/M-+H]" (ii Ms?

35 1815  CwHeO3  T-Hex—Hex BRFMIE  741.446 6 0.0 741446 6, 579.389 3, 435274 0, 273.221 1, 255210 5,
161.1325

36 1833  CxuHuOs  T-Hex HiRHfk 579.389 6 0.9 579.389 6, 417.336 5, 399.327 9, 273.221 3, 255.210 6,
161.1325

37 1847° CxuHsuNO7  y-MRMGIAT (M 5763895 0.2 576.3895,415.320 8,271.205 6, 253.195 0

Mg) [15]

38 1851" CyHuOs; D ERHMA 415320 4 1.0 415.3204,397.312 8,271.205 3,253.195 8, 161.132 6

39 1851 CuHeO13  D-Hex—Hex!' 739.428 0 2.8 739.428 0, 577.374 6, 415317 5, 397.312 5, 271.205 7,
253.1955,161.132 6

40 18.51° Cu4sHNOis  leptinine I 8685048  —0.1 868504 8, 850494 6, 704.441 9, 396.326 2, 271206 1,
253.194 9

41 18.65  CseH9Oz  T-Hex—Hex—Xyl- 1197.5856 0.3 1197.585 6, 1 035.527 2, 741.440 8, 579.389 1, 417.336 1,

Hex—Hex 273.2212,255.210 6

42 1868  CxuHs0s  T-Hex o7tk 579.389 6 0.4 579389 6, 417.336 5, 399.326 3, 273.221 3, 255210 6,
161.132 5

43 1869  CssHuO1is  T-Hex—Hex—Hex 903.4945 =07 903.494 5, 741.441 8, 579.388 6, 417.336 2, 273.221 3,
255.2107,161.1325

44 18.69" CsoHs:02  degalactotigonin 10355310  —0.5 1 035.531 0, 873.447 4, 741.444 2, 579.390 0, 417.336 3,

273.2212,255.210 6
45 1876% CyHeO13  T-Hex—Hex BiEMIE 7414395 0.1 741439 5, 579.389 8, 417.336 3, 273221 1, 255.210 5,

161.132 5

46 1893  CxHeO13  T-Hex—Hex BiFHIfk 7414407  —0.7 741.440 7, 579389 7, 417.336 3, 273.221 3, 255210 7,
161.132 5

47 1911  CxHeO13  T-Hex—Hex BiFHIfE 7414410  —0.7 741441 0, 579389 3, 417.336 6, 273.221 1, 255210 7,
161.132 4

48 1947°  CigHuNO:  —E BRI 308.222 1 0.3 308.222 1, 290.211 5, 262.216 2, 192.138 4, 136.075 8,
122.062 0

49 1954  CxuHsiO0s  T-Hex Sk 579.391 7 0.7 579.3917,417.336 6,273.221 3,255.210 7, 161.132 5

50 2029  CuHsiOs  T-Hex Ut Hfk 579.389 8 0.9 579.389 8, 417.336 7, 399.324 4, 273.221 4, 255210 7,
161.132 6

51 2029 CxHeaO13  T-Hex-Hex BUHHIIK 7414395  —0.1 741439 5, 579.389 8, 417.336 6, 273.221 3, 255210 7,
161.132 4

52 2032  CsHuOi  T-Hex-RHa-Hex 8875010  —12 887.501 0, 725.227 0, 579.389 2, 417.336 8, 399.325 4,
273.2213,255210 8

53 2039° CyHaNOu -y fhiss!s) 722.447 0 0.4 722447 0, 704463 7, 558379 5, 396.325 8, 271.204 4,
253.195 3

54 2143 CyHeOs; D EFHE 4153210 02 4153210,397.310 3,271.205 3,253.192 0, 161.132 5

55 21.82° CyHeOs; D EF#A 4153209 0.5 4153209,397.309 6,271.205 4,253.191 6, 161.132 6

56 2239 CiHiNsOs R 268.104 2 0.7 268.1042, 136.062 5, 119.049 4

57 2267 CsHsxOs  T-Hexor SHfk 579.384 9 0.9 579.3849,417.336 5,273.221 3,255.210 8, 161.132 6
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F%  wmin  HF Ew) [Mﬂwm+mxii Ms?
58 2299  CuHsOs  T—Hexor RHfk 579.391 4 0.9 579.3914,417.336 5,273.221 3,255.210 8, 161.132 6
59 2636° CyHpOs D #FHME 4153220 0.7 415.3220,397.313 5,271.208 4, 253.194 8, 161.132 5
60 2748 CyHuOs  HD 4333314 1.2 433.3314,415.321 3,271.205 6,253.195 0
61  28.09° CieHnO:  AFHHERI 2572472 —12 257.2472,239.178 99, 199.148 2, 155.085 3, 117.070 5
62 2887° CyHpOs D HFHME 415.320 4 0.7 415.3204,271.2214,2552107,161.132 6
63 29.09° CyHuOs T Bkl 417336 1 0.7 417336 1,399.324 1,273.221 3,255.210 7, 161.132 5
64 2913 CyHuOs; D EFHME 4153200 1.0 415.3200,397.312 8,271.205 8,253.196 7, 161.132 6
65 2930° CyHuOs T Bkl 417.336 3 0.5 417.3363,399.3250,271.206 4,253.194 2, 161.132 6
66 29.34% CigHnO2  TWIKER 2792314  —14 279231 4, 149.023 5, 135.116 95, 123.117 3, 121.107 4,

109.101 4

67 29.51° CyHuOs T Bkl 417336 3 0.5 417.3363,399.3257,273.221 3,255.210 7, 161.132 5
68 31.95° CisHuN2Os  N-ZBHESRHERZE 2089365  —1.4  208.9365,103.9195

a- Wit HARELLEGE  b-IEid 527 SR MS #ioliE ELE &
HAEHRT T

c-ifiid Compound Discover 3.0 %58; T-B2H 6 D-FEHBHIC HD-

a-identified by comparing with the standards b-identified by comparing with the MS data from references c-identified by Compound Discover 3.0;

T-tigogenin D-diosgenin HD-hydroxydiosgenin

H+
-Rha-Hex-Hex
—_—  »
Rha-Hex-Hex
Y HO
miz 884 miz 414 mi/z 396
Cy4sH74NOy¢" Cy7HyyNO," Cy7Hy;NO*
_| H' Ht p
S s
O
B

miz 253
CigHps"

miz 271
Cy9Hp,0"

B2 EUMARIRE AR

Fig.2 Fragmentation pathways of solasonine
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FR A 0% 224 P AE 55 2 28 A Bk 1 45 1 AR AL
i, fHH Cytoscape X312 itt47 B4,
ST H S BRI T 2 (] 3D, Z2TRARER L
R CARE I A A P2022, IR T AR RAR I 454
AR TIUI PR AT BB S5 4 o 170 N 24 046 31 MIH S
B A sy 2, HoA SCER CARGE R 12 4, Tt

(119 o KA IR S be 28 AL Vs AT BF 25 73
W, JEE s Ep SRR T, AR
ROV E ISR IERE A, BT iR B A% ER
5 AR, AR A 20 AR AE VIR E S S
T MBI, W5 ERREA T % E 21
Y, meERERETRNINED.

3.2 EifREESR R - REENRAMN
BN R B FERM, FIEETRRT, WEW
54 HIUREEIF TN 21.43 min, #E9 T8 TR m/z
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Fig.3 Structural network of alkaloids (A) and steroidal saponins (B) from stems of S. nigrum
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Fig. 6 'H-NMR spectra of extracts from stems of S. nigrum
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Table 2 'H-NMR assignments of identified compounds from stems of S. nigrum

s WEY) O

1 Fh &R 1.72 (m)

8 [l 6.84 (d,/=8.4 Hz), 7.17 (d, J=8.4 Hz)

14 ANER 7.32 (m), 7.38 (M)

20 AR 1.06 (d, J=7.2 Hz), 1.00 (d, J= 7.2 Hz)

29 PR 5.85 (d, J=4.2 Hz), 5.91 (d, /= 7.8 Hz), 7.93(d, J = 8.4 Hz)
56 5 6.04 (d, J=7.2 Hz), 8.21 (s), 8.23 (s)

69 WA 1.48 (d, J=7.2 Hz)

70 IR 1.34(d,J=7.2 Hz)

71 AR 1.02 (d, J=6.6 Hz), 0.94 (t, J=7.2 Hz)

72 BHEMR 2.05 (m)

73 KA 2.85 (dd, J=17.4, 7.2 Hz), 2.94 (dd, J = 16.8, 3.6 Hz)
74 AR 0.96 (d, J=6.0 Hz), 0.98 (d, J = 6.0 Hz)

75 REEAIR 2.60 (dd, J=16.8, 4.2 Hz), 2.77 (dd, J = 16.8, 7.8 Hz)
76 GABA 2.38(t, J=7.2 Hz), 3.02 (t, J=7.2 Hz)

77 AR 2.36 (5)

78 BEEIR 2.55 (s)

79 JiER G 3.21(s)

80 S 3.28 (s), 3.94 (s)

81 Bl 26 W ik 459 (d, J=7.8 Hz)

82 o ] 67 R A 5.21 (d, J=3.6 Hz)
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84 B A 5.41(d,J=4.2 Hz)

85 PRIEE 5.75(d, J=7.8 Hz), 7.52 (d, J= 7.8 Hz)

86 FETAR IR 6.59 (s)

87 FR 8.45 (s)

88 A P L 9.16 (s), 8.10 (t, J = 6.6 Hz), 8.87 (t, J = 8.4 Hz)
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