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Analysis of Polymethoxyflavonoids in Citri Reticulatae Pericarpium by HPLC-Q-TOF-MS
TANG Huiling', ZHANG Jingyan®, TAN Bingyan®, SUN Yin', SONG Jin-yao', ZHANG Yi-yang', LI Xinru’, KANG An®
(1. School of Pharmacy, Jiangsu Food & Pharmaceutical Science College, Huai’ an 223001, China; 2. School of Pharmacy, Nanjing
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ABSTRACT: OBJECTIVE To enrich the polymethoxyflavonoid—rich fraction from Citri Reticulatae Pericarpium using D101 macro-
porous resin, and further to analyse the chemical constituents using High—Performance Liquid Chromatography Quadrupole—Time—of-
Flight Mass Spectrometry (HPLC-Q-TOF-MS). METHODS Citri Reticulatae Pericarpium extract was adsorbed on D101 macro-
porous resin and then eluted with different concentrations of ethanol to enrich the polymethoxyflavonoid—rich fraction; the content of the
major flavonoid components was determined by high—performance liquid chromatography (HPLC); and the components were further an-
alysed by HPLC-Q-TOF-MS. RESULTS The established HPLC method for the simultaneous determination of seven flavonoids in
Citri Reticulatae Pericarpium extract was accurate and reliable. The contents of compounds such as nobiletin and tangeritin were signifi-
cantly increased in the polymethoxyflavonoid—rich fraction. Using high resolution mass spectrometry (HRMS), 70 and 60 compounds
were identified from the Citri Reticulatae Pericarpium extract and the polymethoxyflavonoid—-rich fraction, respectively, with 53 polyme-
thoxyflavonoids being detected in these two extracts. CONCLUSION  The results of this study provide an experimental basis for fur-
ther identification of the pharmacological substance basis of the polymethoxyflavonoids in Citri Reticulatae Pericarpium and the estab-

lishment of quality control methods.
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Fig.1 Chromatogram of mixed reference solution at 283 nm (A) and 330 nm (B), chromatogram of

Citri Reticulatae Pericarpium extract at 283 nm (C) and 330 nm (D) ; chromatogram

of PMFs extract at 283 nm (E) and 330 nm (F)
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Table 3 Results of content determination of each test sample (xs)
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Fig.2 Estimation of the number of methoxy groups of each ring of polymethoxyflavonoids
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Fig. 4

Extracted ion flow and possible fragmentation patterns of hesperidin, sweet orange flavonoids,

and isosweet orange flavonoids
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Table 4 Identification of compounds from Citri Reticulatae Pericarpium extracts and PMFs extracts

BT ty/min BFRX ETEE B m/z WIE m/z $22/107 BRET e CP PMFs
593. 153 3, 575. 140 4, 557.1289
. H..0 + ) ’ ’ s 1 . _
1 0.69 CyH30,6 [M+H]® 6111607 611.1611  0.74 473110 1,353,067 5 Luteolin-6,8-di-C~glucoside +
577158 7, 559. 146 5, 541.1339
CpyHg0) . _ : : R
2 0.81 CyH30,5  [M+H] 595.165 8 595.1653 0.76 457,116 1,337,072 8 Vicenin-2 + o+
607. 165 8, 589. 155 9, 571.1450
(o0 . , : » Chivsoeiol=6.8-diC—elucosi B
3 0.88 CpH30,6 [M+H]™ 625.1763 625.1763 0.0l 487,126 5,367,082 1 Chrysoeriol-6,8-di-C~glucoside ~ +
4 0.92 C,Hu0, [M+H]® 581.1865 581.1856 -1.51  419.1337,273.0757,153.017 4 Narirutin + -
431. 098 1,413. 088 5, 329.066 4
C H7 0 + X . . ’ ’ ’ L . _
5 116 CyHy0,  [M+H]™ 449.107 8 449.1087  1.86 209 055 3 Orientin +
6 170 CylyO [M#H]® 595.1658 595.1657 -0.11  449.108,287.057 1 Neodiosmin .
445,112 1, 427. 102 3, 409.090 7
C,,H,,0 * - ’ , ) : S . B
7 2,16 CpHy0,,  [M+H]™  463.1235 463.1232 0.57 343,081 3,313,070 1 Diosmetin-6-C-glucoside +
8 2.67 CuHp0p,  [M+H]® 581.1865 581.1860 -0.77  419.1321,273.078 5,153.017 6 Naringin + -
9 2,92 CuHy 0y, [M+H]® 579.1708 579.1709  0.14 433,116 2,271. 068 1 Rhoifolin + o+
10 3.38 CuHy0,5 [M+H]®  609.1814 609.1812 -0.30  463.126 0,301.075 8 Diosmin + -
465. 139 9, 449. 146 8, 431.1245,
11 3.73 CuHy0,5 [M+H]* 6111971 611.1973  0.36 303. 094 0, 281. 066 4,263.057,  Hesperidin * + 1
153.019 4
12 3714 CH,0, [M+H]" 303.0863 303.0861 -0.65  153.0208,117.033 3 Homoeriodictyol + 0+
13 7.65 CH,O5 [M+H]™ 287.0914 287.0910 -1.33  161.0593,153.017 8,133.064 3 Isosakuranetin + -
14 7.67 CuHy0,, [M+H]® 595.2021 595.2021 -0.07  287.0911,153.017 6 Poncirin + -
15 812 CH,0, [M+H]" 273.0758 273.0754 -1.25  153.0179,147.043 8 Naringenin + 4+
16 822 CuHO¢ [M+H]* 329.1020 329.1019 -0.17  314.078 5,299.056 9,271.060 3 Monohydroxy-trimethoxyflavone + 4
17 881 CH0g [M+H]® 329.1020 329.1018 -0.47  314.0789,299.055 0,271.059 9 Monohydroxy~trimethoxyflavone + o+
18 901 CoH,0, [M#H]® 359.1125 359.1126  0.12 344089 1,329.066 0 7-Hydwoy =3,5,6, 8 ~terame-
thoxyflavone
19 9.58 CHO0g [M+H]™ 375.1074 375.1073 -0.33  360.084 9,345.060 9 Dihydroxy-tetramethoxyflavone + 4
20 9.5 CH,0, [M+H]™ 303.0863 303.0857 -1.90  177.054 2,153.017 6 Hesperetin + o+
21 975 CH,06 [M+H]® 301.0707 301.0709  0.82 229.049 3,153.018 5 Chrysoeriol + 0+
2 10.15 CgH0p [M+H]® 329.1020 329.1018 -0.55  314.077 7,299.054 8,271.059 5 Monohydroxy-trimethoxyflavone + 4
231015 CuH0, [M#H]* 359.1125 359.1123  -0.52  344.090 4 7-Hydoxy =3, 6,8, 4 ~tetrame- |
thoxyflavone
U 1042 CyHy0g  [M+H]® 389.1231 389.1227 -1.00  374.098 9,359.076 8,341.064 6 T-Hydoxy=5,6,8,3", 4 ~te
methoxyflavone
25 10.48 CH,05 [M+H]® 299.0914 299.0913 -0.39  284.088 6,256.071 4 Monohydroxy—dimethoxyflavone + 4
. 374.099 4,359. 076 6,341.065 1,  5-Hydroxy-3,7,8,3",4"~penta-
C,oH,00 * - ’ ) ) ydroxy=J,/,06,9°,
26 10.87 2oHa0s  [M+H] 380.123 1 389.123 0 0.26 197,007 5 methoxylavone + 4+
271123 CuH0,  [M#H]® 3591125 359.1124  -0.42  344.089 0,329.065 0 3-Hydory=3,6,7, 8 ~tetrame-
thoxyflavone
B 1153 CuHyu0, [M+#H]* 3611282 361.1280 -0.51  211.0627 SHydroxy=3,7, 3", 4 ~temame-
thoxyflavanone
2 179 CyHpO, [MeH]® 419.1337 419.1345 191 404. 110 5,389. 085 3,371.0759,  Monohydroxy - hexamethoxyfla- P
361.089 1 vone
01208 CyHn0, [MeH]® 4191337 419124 2,93 404. 111 9,389. 087 1,371.0756,  Monohydroxy - hexamethoxyfla- P

361.0929

vone
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$4-)
G5 tp/min TR ETFRE BB m/e TG m/z 12107 HET &= CP PMFs
31 1227 CuH0, [M+H]® 359.1125 350.1126  0.27  344.090 1,329.070 1,311.055 5 4-Hydowy-5,6,7, 8 ~tetrame-
thoxyflavone
374,102 7,359 083 4, 34,0530,  3-Hydroxy-5,6,7,3,4"~penta-
C H O + 9 9 b e ’ 9 b ’
21235 CollOy  [MeH)™ 390231 39.032 039 Lol no ety P
33 12.59 CH0g [M+H]™ 329.1020 329.1015 -1.48  314.0789 Monohydroxy~trimethoxyflavone + o+
312,69 CyHpOg  [M#H]* 3911387 3911385 -0.50  241.0749 Hydow=6,7,8,3" 4~penta-
methoxyflavanone
358. 105 4, 343. 082 3, 315. 086 8
CpoH,0 . , , Co
35 12.91 CyHyO, [M+H]® 373.1282 373.1286  1.18 181,013 3,163,075 5,153,018 5 Isosinensetin + o+
374,102 2,359. 084 3,344, 055 3
C..H..0 + ’ ’ ’ . . .
36 13.12 CypHyOg  [M+H]® 389.1231 389.1232  0.27 341,066 9,211,024 5 Monohydroxy pentamethoxyflavone ~ +  +
37 1346 CyH,0, [M+H]® 419.1337 419.1335 -0.28  404.1104,389.087 1,371.076 5 $-Hydow-3,6,7,37,4%,5"=
hexamethoxyflavone
38 1358 CuH,0, [M+H]* 315.0863 315.0863 -0.16  300.062 5,136.0152 3,37~ Dibydroxy =7, 4"~ dime-
thoxyflavone
39 1427 CoH 0, [M+#H]® 3751074 375.1064 -2.84  360.0849,345.061 0 ¥, 3-Dibydroxy=4',53,7 $~tetra-
methoxyflavone
40 1430 CuH,0, [M+#H]® 419.1337 419.1341  0.96 404110 1,389.088 0,371.076 7 T-Hydoxy=3,5,6,8,3" 4~hex
amethoxyflavone
41 1442 CH04 [M+H]® 343.1176 343.1173  -0.81  328.0947 5,7,3’ 4 Tetramethoxyflavone + 4
421448 CgH 0, [M+H]® 345.0969 345.0971 0.52  330.0739 3h’5 _ﬂD‘hyd“’"y_6’7’4 Thmme Ly
358.104 7,343, 081 8,315. 086 6,  thoxyllavone
81467 CyHy0, [M+#H]® 373.1282 373.1281 -0.16  312.0996,297.075 8,181.013 6,  Sinensetin* o4+
163.075 3,153.018 1
41489 CoH0, [M+H]® 359.1125 359.1124  -0.34  344.089 4,329,067 1,311,054 4 6-Hydroy-3,7,8,4"tetrame-
thoxyflavone
390.096 5,375. 0710,357. 059 3, 3,5~ Dihydroxy-6,7,8,3",4"-
X C H O( + . . -0. b ’ b ’ v b b b b
41492 CollQs - [MH]T 4051180 4051179 =033 517 06 6304 063 1 pentamethoxyllavone v
46 15.34 CuH0,  [M+H]® 3431176 343.1176  -0.06  328.0047,313.0724,285.0%62 4,57 8-Tetramethoxyllavone* ~ +  +
g5 CuHG0, [MeH]T M5.0969 350968 -0.37  R0.0148315.05630L006 o8 Dihvdoxy=3,5,6=trime-
thoxyflavone
481597 CH,0, [M+#H]® 345.0969 345.0969 0.13  330.0739,315.0512 &,7-Dibydroxy =3, 3, 6-trime-
thoxyflavone
91609 CuHu0p [MeH]® 4051544 4051544 0.0 2010294193035, 15,0183 T dow=3,5,35455567= 0
hexamethoxyflavone
390,095 6,375. 069 2,357.057 8, 54"~ Dihydroxy-3,6,7,8,3'~
C H O + - b ’ b 9 J J 9 b 9 b
01652 ColluOy  [MeH]™ 4051180 4051177 -0.83 L’ o0’ e otametasylarone P
SI16.62 ColygO [MeH]® 3750074 3151073 -0.47  360.0852.345.03 8,327,050 6 o Dimdrow=45, 55T 8zet
ramethoxyflavone
52 1678 CH 0y  [M+H]® 375.1074 375.1077  0.75  360.0847,345.066 3.327.052 8 3,5-Dibydroxy-4',6,7, 8-t
methoxyflavone
31695 CyHnOy [MeH]® 4031387 4031384 -0.83 oo 173,373,096 3,355.0807, o ine oot
307.085 7
541705 CH 0y  [M+H]® 343.1176 343.1174 -0.70  328.0948,313.0710,285.0760  5,6,7,4Tetramethoxyflavone ~ +  +
55 17.11 CyH, 05 [M#H]* 3131071 313.1068  -0.82  298.0844,270.0882,269.009 5,7, 4" Trimethoxyflavone T
56 1727 CuHy,0, [M+H]® 3611282 361.1280 -0.37  197.0520,182.021 5,136.016 3 5-Hydoy=6,7,8,4"~tetame-

thoxyflavanone
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(442)
5 tp/min TR ETFEE HISE m/e TG m/z 82/107° BT & CP PMFs
57 1756 C,H,0 [M+H]* 315.0863 315.0864 0.13  300.063 2, E;S;ilhyd“’“‘7*4"‘1“““"‘”‘”' -
403. 104 9,388. 079 8,360. 084 6,
345.061 2,327.121 3,317.065 9,  3,5,6,7,8,3",4"~heptamethoxy-
. C H O + . . X ’ ’ ’ vV TV ’ J
B9 Colh0y [MeH)™ 4393 49T 081 o e o s e P
137.059 8
59 18.07 CyuHyu0, [MeH]® 3591125 359.1124  -0.24  344.0907 S-Hydwoy-6,7,8,4"~tetame-
thoxyflavone
60 1811 CyHynOg [M+H]® 391.1387 391.1387 -0.22  241.079 1,227.0629,212.032 7 3-Hydroxy=3,6,7,8, 4 -pentam-
ethoxyflavanone
61 1845 CyHnO, [MeH]® 4191337 4191341 1o4  OL1I36,389.009,37L0778, (@ duida P
361.005 8
358.107 2,343. 086 4,325. 071 0,
62 18.66 Cyly0, [M+H]® 373.1282 373.1283  0.21  315.0866,312.099 6,297.076 1, Tangeretin" ot
211,024 5,183.029 3,133,065 0
63 18.83 CoH,0, [M#H]® 359.1125 350.1121 111 344,092 6,311,055 1 S-Hydoy=7,8,3", 4" tetrame-
thoxyflavone
64 19.18 CoHy,0, [M+H]* 361.1282 361.1280 -0.38  211.0625 3-Hydowy=5,6,7,4"~tetrame- -,
thoxyflavanone
65 19.36 CyHypO [M+H]® 3911387 391.1378 -2.35  227.0546,197.007 2 3-Hydroxy=5,6,7,8,4"~pentam- +
ethoxyflavanone
390.095 3,375.073 0,357.061 2, 54"~ Dihydroxy-3,6,7,8,3 -
C..H..0 + _ ’ ’ ’ ’ ) ) » Yy 150,
6 1946 Cufl0y [M+H]® 405.1180 4051178  -0.41 "0 ntaethorlvane +
67 19.51 CyH,0g [M+H]™ 389.1231 389.1232  0.31 i;?.g?gg,344,0565,341.0705, 5-Demethylnobiletin * + o+
68  20.43 C,H,04 [M+H]* 405.1544 405.1540 -1.02  211.0310,193.0137,165.018 9 5-Hydroxy-3,4,3",4",57,6"- +
hexamethoxyflavone
69 2.5 Cylyp0, [MeH]® 419137 419.1334 0,56 kUSO8 37L0TIT, 0 i a P
361,002 7
0209 CoHO, [MeH]® 3991125 3591127 .50  or-0913,39.0726,31L088, o b g P

197.009 6,169. 013 6
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