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Structural characterization of C-glycosyl flavonoids in Scutellaria baicalensis and
differentiation of isomers by UPLC/LTQ-Orbitrap-MS
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Abstract: Objective An UPLC-LTQ-Orbitrap-MS spectrometry method has been developed for the efficient separation and detection
of C-glycosyl flavonoids in the extract of Scutellaria baicalensis differentiation of isomers. Methods Data were acquired by
Orbitrap. MS?, MS?, and MS* data were triggered by data-dependent acquisition mode. Isomers of C-glycosyl flavonoids were
distinguished by a comparison study of mass distribution. Results A total of 19 compounds were identified as C-glycosyl flavonoids,
and several isomers were successfully discriminated. Conclusion This method is proved to be powerful for the identification of
C-glycosyl flavonoids and provides the important complementary information for other flavonoid analysis.
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PRI R R AL BENE ) V2 MR AE T 25 22 Bl A 3 (1) ] i
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L, A R 3 IR A R, DR LR —
s, KRR, #5) . WORARAE 200 pL,
20 000 r/min 250 10 min, 8% FIFERERBERE
HY 5 pL ¥ A\ UPLC/LTQ-Orbitrap 1X 2%, J5E .
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(C-glycosyl flavanones). 1 A~ A AHWibk - AN
e R B 1,

("]

bR P RIS IHEIE R, G RN AAREIE IR, H R R
, DIRBACHRR, TH
subscript of P stand for pentosyl, G for glycosyl, H for hexosyl, and

D for deoxy-hexosyl, same as below

Bl A& 6-C-HEE-8-C-MIARETMNBRER
Fig. 1 Fragmentation pattern of apigenin-6-C-glucosyl-
8-C-arabinoside
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Fig. 2 TIC of C-glycosyl flavonoids from S. baicalensis
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Table 1 Fragmetation information of C-glycosyl flavonoids in extract by UPLC/LTQ-Orbitrap

&5 fo/min BEH BT

milz

MS?

MS?

Ms*

1 555 [M+H]
[M—H]
2 712 [M+HT
[M—H]
3 777 [M+H]
[M—H]
4 882 [M+H]
[M—H]
5 912 [M+H]
[M—H]
6 991 [M+H]
[M—H]
7 1072 [M+H]
[M—H]
8 1155 [M+H]
[M—H]
9 1195 [M+H]
[M—H]

597.1811

595.1638

565.1529

563.1370

565.1512

563.1397

567.1675

565.1530

579.1666

577.1524

567.1675

565.1531

549.1584

547.1412

549.1572

547.1435

435.1288

433.1138

417.2,459.2,477.2, 525.2, 543.2, 561.2,
579.1"

209.1,239.1, 269.1, 311.3, 329.2, 355.3,
385.3, 4153, 4492, 4572, 475.1,
487.2,505.2,559.4,577.3

355.4,379.3,391.3, 409.4, 427.3, 445.2,
4574, 4754, 4812, 4992, 5113,
529.2°,547.1

353.2,383.3,425.2, 4132, 425.3, 4432,
455.3,473.2",485.3,503.3,527.4,545.4

307.2, 325.3, 355.4, 379.3, 397.4, 409.4,
427.3,445.2,457.3,469.4,481 4,499 4,
511.3,529.2,547.4"

353.2,383.2,413.2,425.2,443.3",473.2,
485.2,503.2,515.3,545.3

283.3,322.5,387.1, 411.1, 429.0, 435.7,
441.1,447.2,459.2,483.3,495.2,501.4,
513.3,531.2,549.3"

209.2,239.1, 269.1, 299.1, 329.3, 355.1,
385.2", 4152, 4452, 475.1, 4872,
505.3,547.3

339.3, 3933, 4233, 4413, 4592, 4833,
495.2,507.3,5133,525.3,543.1, 561.1"

337.2,415.1,439.2,457.3",487.2,559.4

411.2,429.2, 441.2, 447.0, 453.2, 459.1,
465.2,495.2,513.2,531.2,549.2"
209.1,239.1, 269.2, 299.1, 329.1, 355.2,
3852, 4153, 419.2, 4273, 4453,
475.2,547.3
291.3,309.3,363.5,393.2,411.1",429.2,
459.4,465.2,483.2,495.2,513.2,531.2
337.1,367.2,379.2,409.3,427.3,457.2",
487.2,499.4,511.3,529.4
363.3,375.4,393.4,411.3",429.3,441 3,
459.3,465.3,483.3,495.3,513.2,531.1
319.2,337.2, 349.3, 367.2, 409.2, 427.3,
457.2°,487.3,499.3,517.4,529.3
279.2,297.1, 315.1,321.2, 339.3, 351.2,
363.2,369.0,381.1,391.0,399.2,417.2°

167.0, 197.1, 269.1, 287.1, 313.1°,
343.2,415.2

393.0,441.2,543.0,561.1

209.0,239.0,329.2,355.2°,385.2,
439.3,457.4

307.1,325.2,391.3,409.2, 427.1,
445.1,481.2,493.2,511.2"

259.1,297.2,311.2,325.3,353.2",
383.3,395.1,413.2,437.2,425.2
379.2,397.3, 409.3, 427.3, 451.2,
457.3,469.3,481.2,493.2,499.1,
511.2,529.2"
311.2,323.2,335.2,353.2°,365.2,
383.1,395.2,407.2,413.2,425.3
321.3,363.4,393.1, 411.2, 465.1,
495.2,513.2,531.2°

150.9,167.1,239.2°,367.2

363.3,405.2,423.2,441.2",465.3,
483.2,495.2,513.2,525.3,543.2

267.2,295.1,319.2,337.2",367.4,
4292

3932, 411.2, 429.3, 465.2, 495.1,
513.1,531.2°

167.1,178.9,209.0,221.0,239.0",
265.1,313.3,357.2,367.1

279.2,291.1,309.2, 321.3, 333.2,
363.1,375.2,393.2"
281.1,309.2,337.1",367.3,397.5

279.1,309.1, 321.2, 333.2, 363.1,
375.2,393.1°
281.2,309.0,337.1",367.3,397.4

219.1,255.2,267.1,279.1,297.1",
321.3,339.2,351.2,363.1,381.2,
399.2

123.1,139.1,167.0

144.7, 181.0, 191.0, 209.0,
2348

307.2, 349.2, 373.3, 379.2,
391.3,409.2, 427.1, 433.3,
445.4,463.2,475.2,493.3

163.2, 191.0, 233.1, 253.1,
297.2,307.2,325.2,335.3

337.3, 349.2, 391.3, 397.1,
409.3,427.3, 439.3, 4513,
481.2,493.3,499.3,511.2

163.1, 191.1, 233.0, 265.1,
297.2,307.1,325.2

393.2, 411.3, 441.2, 4533,
465.4,495.3,513.3

81.1, 100.8, 122.9, 137.1,
153.0, 167.0, 179.0, 209.1,
2212

291.3, 309.3, 363.2, 393.3,
405.3,423.3

163.1,190.9,281.1,309.1

393.2, 411.3, 441.2, 4533,
465.4,483.2,495.3,513.3
106.7, 122.6, 153.1, 167.0,
179.2,195.1,209.1,221.0

279.2, 291.2, 309.2, 321.2,
357.2,375.2
281.3,309.1

279.2, 309.1, 321.3, 331.3,
347.2,357.2,375.1
281.0,309.1

177.0, 194.9, 211.1, 219.1,
226.9, 240.1, 251.1, 268.1,
279.1

80.9,122.9,125.0
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HR1

&5 fo/min BEH BT

m/z

MS?

MS?

Ms*

10

11

12.19

12.68

12.77

12.85

13.00

13.04

13.28

13.84

15.39

16.84

[M+H]

(M—H]

[M+H]

[M—H]"

[M+H]

[M+H]
[M—H]

[M+H]

[M+H]+

(M—H]

549.1586

547.1414

579.1696

577.1589

549.1574

547.1435

583.1989

581.1841

579.1697

563.1757

561.1626

417.1181

415.1013

579.1699

577.1563

563.1741

561.1618

417.1184

415.1012

363.4,381.3,399.3,411.3,429.2, 441.3,
453.1,465.3,483.2,495.3,513.2,531.1"

337.2,367.3,379.3,397.3,427.3",439.2,
457.3,469.3,487.4499.3,511.3,529.2

399.4,423.3, 4412, 459.3, 465.3, 495.2,
513.2,525.3,543.4",561.1

267.0,295.1, 337.2, 367.3, 397.2, 439.2,
457.3,487.3°,517.3,529.4,541.2,559.2
363.4,381.4, 393.4, 411.4, 429.3, 4413,
453.3,465.3,483.3,495.3,513.2,531.2"

309.1,319.3, 337.2, 349.1, 367.2, 379.2,
397.3, 427", 439.2, 4572, 4692,
487.4,511.3,529.3

283.1,301.3, 325.3, 337.3, 367.2, 403.2,
421.1,445.1,469.4,511.2,529.0,547.3,
565.4

299.3,329.1,461.2",491.2,563.4,563.4

255.3,267.2,297.2,321.2, 351.0, 363.2,
3812, 3993, 417.2°, 4592, 513.1,
525.2,543.1,561.2

339.4, 363.4, 389.4, 407.3, 425.2, 4413,
459.2,465.3,483.3,509.2,527.1",545.2

337.2,349.2, 367.3, 379.3, 397.3, 441 3,
4573", 4712, 4873, 4993, 517.3,
525.4,543.3

267.2,279.1,297.2,321.3,351.2, 363.2,
381.2,399.2

267.3,295.1%,307.4,325.2,337.3

411.3,417.4,423.4,429.2, 4413, 453 4,
459.3,471.3,483.3,495.4,513.3,525.3,
543.3,561.2"

367.2,397.1,457.2",487.2,559.1

379.2, 411.4, 425.4, 441.2, 4493, 4672,
4792,497.3,509.3,527.2,545.1"

337.1,349.3,367.2,379.3,423.2, 441.3",
457.2,471.2,483.3,501.3,513.4,543.3
267.0,297.2,321.2, 351.1, 363.1, 381.1,

399.2"
267.3,295.2",325.1,337.2,397.2

363.2,381.3,393.2,399.1, 435.1,
441.1,453.2,465.2,477.3,483.2,
495.1,513.1°

281.2,309.3,337.1°,367.2

339.2,405.3,423.2, 4412, 459.2,
495.2,507.3,525.2°

339.2,367.2",397.3,427.2,469.3

363.3,381.3,393.2,417.3, 4233,
435.3,441.3,453.3,465.2,477.3,
483.1",495.2

191.1,221.0,245.1,309.3,337.2",
349.3,367.1,391.2,409.3

258.9,301.2,325.2,367.1, 385.3,
403.1

167.1,191.0,299.1",323.1,341.1,

3534
267.1,297.1,321.1,351.2, 363.2,
381.1,399.2"

321.2,363.4,389.3,407.1, 511.3,
431.3,443.3,465.4,483.3,491.2,
509.2°

281.3,295.1,309.2,337.2°,349.3,
367.3

267.3,279.1,297.0,321.17,339.1,
351.1,363.1,381.2
149.0,187.1,227.1,251.2,267.1"

393.4,411.3,429.3, 453.3, 465.2,
4712, 4832, 4952, 5073,
513.1%,525.2,543.2
337.1,367.1°,379.2,397.1
363.3,393.3,423.2,441.2",449.2,
467.2,479.3,491.2,497.2,509.3,
5272
281.3,309.3,337.2",349.3,367.2,
379.1,409.4,423 4
267.1,321.1",351.1,363.2,381.2

149.1,185.1,223.1,267.2°,277.1

381.1, 423.3, 435.4, 447.3,
465.2,477.2,495.1

281.2,309.2

321.3, 393.1, 405.1, 441.1,
459.2,471.3,477.2, 489.2,
507.2

190.9, 235.1, 296.2, 3112,
324.2,339.2

351.3, 381.1, 393.2, 399.2,
465.1

163.2,191.0,281.2,309.2

124.9, 167.0, 215.2, 229.2,
255.1,271.2

267.2, 3212, 351.1, 363.1,
381.1

359.3, 371.3, 377.3, 389.3,
411.2,431.2, 443.3, 455 4,
476.3,491.2

281.1,309.1

219.1,293.2
165.0, 180.0, 194.9, 199.1,
223.1

309.2, 339.3, 381.3, 393.2,
411.3,429.2,495.2
279.1,311.2,324.1,339.1
309.1, 321.2, 363.2, 393.0,
405.4,423.2
191.2,281.1,309.2
265.1,293.1

120.9, 145.1, 167.1, 181.1,
195.1,211.1,223.1,239.1

T R B T

*parent ion for next stage fragmentation
FIPRIIRE | F=BE T LAX 2) C-6 F1 C-8 HIATHEBR 1T,
W4t # % (vitexin, apigenin-8-C-glucoside) 5t
$130 35 2 (isovitexin, apigenin-6-C-glucoside) LA
Zi % (orientin, lutelin-8-C-glucoside) Fl77 2 HiFf
(isoorientin, lutelin-6-C-glucoside). % 2 #5371k

) 16 F119 7EIE 21 R 7= MS™ 4 3 71

fEo SRR, AW 19 #5605 TR R PR miz
397.4([M—H—H,0] , FHXTFLE 2.1%) Fl m/z 325.1
([**Xg] > AR 19.4%), T 16 S IEAAFIHE 3
m/z397.4. XEAE BIRNMLEY) 19 HEME 6-C-
AT AN, HEUALEY) 16 h A E 8-C-
BT . IXS845 B Ferreres 251 Li 214K
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Table 2 Relative abundances of fragments obtained from
6-C-glucosy! flavonoid and 8-C-glucosy! flavonoid in MS?

N X E /%

W ET m/z 6 n
ERT
[M+H—H,0]" [M+H—18]" 100.0 100.0
[M+H—2H,0]" [M+H—36]" 34.2 26.8
[M+H—3H,0] [M+H—54]" 9.6 25.1
[>*Xs—2H,0]" [M+H—66]" 355 733
[**Xs—2H,01" [M+H—96]" 10.6 433
[“*X5]" [M+H—1207" 20.8 40.5
[“*Xg—H,0] [M+H—138]" 3.9 —
[“'Xg] [M+H—150]" 2.7 —
T
[M-+H—H,0] [M—H—18] — 2.1
[**Xg—H,0] [M—H—78] — 1.8
[“*Xg]" [M—H—90]" 1.6 19.4
[“*Xg] [M—H—120] 100.0 100.0
[“*Xg—CO] [M—H—148] 1.6 —

— 8, ER B AR A B S SR E
AFAE—2 725, Cuyckens 2 PRRe 8-C-HA Rt 23

A IMAH— 1201 F 3606, M7EARRFFTEE R, 2
MEEWF A IM+H— 18] 3 E . EATX 5

FEE MS® R m/iz 363.0 ([M+H—
3H,0]"). 351.2 ([¥*X;—2H,0]). 3213 ([**X;—
2H,01") F1297.2 ([“*X6])e X 4 AN B TAE 6-C-
A A AR I E B, AR 8-C-A A
= B MAST AR o
3.2 WHEEIEMEFENEEIE S SHENEX S
R R At T BT T ) o1 2, AR S
W 11 AP S, e 10 A4 6-C-
PHE-8-CHEILLE M, 1 AN O-FEE-C-R L4544
321 6-C-HSL-8-C-HHILTMAI Sh s AEME
THRUT, 2 5H 3 S UELE o B P A A )
)22 5 76 m/z 563.137 0 (CyeHpyOra)e 3 45H1
TIX 2 MEAALE CID il MS® B 72 . 45
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Table 3 Relative abundances of fragments obtained from 6-C-pentosyl-8-C-glucosyl flavonoids and 6-C-glucosyl-8-C-pentosyl

flavonoids in MS?

WIBT miz HRS R %

2 3 7 8 10 12 1 17
EBF
[M+H—H,0]" [M+H—18]" 99.5  100.0 75.0 72.7 100.0 100.0 100.0 100.0
[M-+H—2H,01" [M+H—36]"  100.0 20.6 86.5 81.1 233 27.4 97.0 21.1
[M+H—3H,0]" [M+H—54]" 75.6 10.2 80.7 78.5 10.9 13.2 65.1 7.5
[>*X/**Xp—2H,0]" [M+H—66]" 34.0 27.0 24.4 24.9 27.9 323 28.2 223
[2*Xo/**Xp—3H,0]" [M+H—84]" 23.4 9.4 30.8 30.6 12.5 15.3 17.5 7.8
(%X /" Xp]" [M+H—901" 8.4 — 8.3 7.1 — — 72 —
[**X/**Xp—2H,0]" [M+H—96]" — 11.3 — — 11.8 15.0 — 9.6
[*3Xo/**Xp—H,0] [M+H—108]" 4.1 11.7 4.0 44 16.4 19.7 25 9.7
[“*X /™' Xl M+H—120]" 8.9 11.1 9.7 9.4 14.0 152 59 9.1
[**Xo/*'Xp—H,01" [M+H—138]" 879 32 100.0  100.0 23 32 75.3 1.7
[“*X /"' Xp—2H,0]" [IM+H—156]" 18.5 1.4 18.8 19.6 1.5 2.1 16.6 1.1

BT

[M—H—H,0] [M—H—18] 25.7 12.8 254 23.4 10.1 6.9 23.0 12.2
[M—H—CH,0] [M—H—30] 3.9 — 42 42 — — 2.8 —
[*3Xp]” [M—H—60] 71.1 12.5 75.6 88.4 5.9 7.4 50.9 3.8
(X1 /"2 Xp]” [M—H—90]"  100.0 67.9  100.0  100.0 55.7 68.1 100.0 56.0
"2 X1 1" Xp]” [M—H—120] 837  100.0 45.0 70.9 100.0 100.0 74.5 100.0
[“*X /" Xp—H,0] [M—H—138] 152 3.7 10.9 13.5 1.3 24 9.6 0.6
["*Xs/™'Xp—2CH,0]7 [M—H—180]  62.7 27.9 37.8 56.0 12.3 21.7 34.8 12.4
[**Xo/™'Xp—3CH,0]T [M—H—210] 618 37.6 44.1 61.1 21.7 38.0 422 0.1
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Table 4 Relative abundances of fragments obtained from
6-C-glucosyl-8-C-deoxy-hexosyl flavonoid and 6-C-deoxy-
hexosyl-8-C-glucosyl flavonoid in MS?

R T iz URRSELE
15 18

E&ET

[M+H—H,0]" [M+H—18]" 80.1 100.0
[M+H—2H,0]" [M+H—36]" 100.0 29.1
[M+H—3H,0]" [M+H—54]" 66.0 11.8
[**X¢—2H,01" [M+H—66]" — 26.0
[**Xp—2H,07" [M—H—80]" 13.4 —
[**X¢—3H,01" [M+H—84]" — 15.3
[**Xc—2H,07" [M+H—96]" — 10.0
[“*Xp]" [M—H—104]" 14.9 —
[“*X¢]" [M+H—120]" 2.7 14.3
BT

[M—H—H,0] [M—H—18] 22.1 8.7
[“Xp] [M—H—44]" 4.4 —
[“*Xa] [M—H—60] — 2.8
[“*Xp] [M—H—74] 56.8 —
[“*Xe] [M—H—90] 1.6 42.0
[**Xp]” [M—H—104]  100.0 44
[“*X¢] [M—H—120] 69.0 100.0
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Fig.3 MS?, MS?, and MS* spectra of peak 9
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