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Abstract: Citrus medica 1.. var. sarcodactylis Swingle is an important and widely used
herbal medicine, which has been used in China for thousands of years, and has effects of

antitumor, immunomodulatory, antioxidative, anti-inflammatory, hypoglycemic, hypo-
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lipidemic and antitussive. The processed Citrus medica L. var. sarcodactylis Swingle
(PCM), as Lingnan characteristic traditional Chinese sliced herbal medicine, has similar
effects but less pungent, is more popular than the raw products in the Lingnan area,
especially in Guangdong Provence. The technique of ultra-high performance liquid chro-
matography tandem quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF MS) is
widely and effectively used for the identification of chemical components from traditional
Chinese medicine, which is considered as a forceful analysis technology in this field due
to its rapid separation, accurate mass measurement and tandem mass spectrometry. In
this study, UPLC-Q-TOF MS technology was used to analyze and identify the chemical
components of PCM. The sample was extracted by methanol and the chromatographic
separation was performed on a Poroshell 120 EC-C18 column (3.0 mm X 150 mm X 2. 7
pm). The mobile phase was consisted of eluent A (0. 1% formic acid and 5 mmol/L
ammonium acetate in water) and eluent B (acetonitrile) with the flow rate of 0. 35
mL/min. The column temperature was 30 °C, the chamber temperature was 25 ‘C, and
the injection volume was 6 pLL at negative mode and 4 pL at positive mode, respectively.
Electrospray ionization (ESI) was applied for scanning under positive and negative ion
modes with the scanning range of m/z 100-1 000. The main chromatographic peaks in
the total ion chromatogram (TIC) were characterized at positive and negative ion
modes. Based on accurate mass, fragment ions, retention behaviors, previous reports,
network database, reference standards and fragmentation pathways of compounds, a
total of 67 components were identified, including 12 flavonoids and flavonoid glycosides,
20 coumarins, 15 organic acids, 6 glycosides, 5 limonin, and 7 other compounds. 24
compounds were first discovered from Citrus medica L. var. sarcodactylis Swingle, in-
cluding quinic acid, malic acid, citric acid, protocatechuic acid, sucrose, catechol, escu-
letol, luteolin-6, 8-di-C-glucosid, 4-hydroxybenzaldehyde, eriocidin, chrysoeriol-6, 8-
di-C-glucoside, diosmetin-6-C-glucoside, p-hydroxycinnamic acid, scopoletin and its iso-
mers, azelaic acid, isofraxidin and its isomers, deacetylnomilinic acid, nomilinic acid,
heraclenin, ricinoleic acid, (E, E)-9-oxooctadeca-10, 12-dienoic acid. This method is
suitable for the rapid detection of compounds for PCM with easy operation, high sensi-
tivity and excellent precision. The chemical substances of PCM were comprehensively
clarified. The result provides valuable information for its quality control and pharmacological
application.

Key words: processed Citrus medica l.. var. sarcodactylis Swingle; ultra-high perform-
ance liquid chromatography tandem quadrupole time-of-flight mass spectrometry (UPLC-

Q-TOF MS); compounds identification; fragmentation pathway
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at positive (a) and negative (b) ion modes
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Table 1 UPLC-Q-TOF/MS qualitative analysis of chemical constitutents in processed Citrus medica L.var.sarcodactylisSwingleHow under double ion mode

No. tr/min Formula Adducts Theoretical Experimental Error/ppm MS/MS fragmentation Identification Type
1 2.018 C7H1206 [M-H] 191.0566 191.0560 1.42 173.0460,137.0242,129.0566,127.0403,85.0299 Z T Re c
2* 211 C4HeOs [M-H] 133.0143 133.0139 4.32 115.0036,89.0247,72.9932,71.0141 IR ERH c
3* 2.166 C12H201 [M+COOH] 387.1135 387.1130 —0.45 341.1083,161.0449,89.0245 TEHER f
4 2.298 CsHgOr [M-H] 191.0198 191.0194 —3.17 173.0087,154.9980,129.0187,111.0080,101.0235,87.0085 Frigms c
5* 7.576 C7HsO04 [M-H] 153.0196 153.0200 1.54 142.9733,109.0300,108.0220,91.0189 JRILRIR#H c
6 7.771 CsHsO2 [M-H] 109.0296 109.0297 —0.06 108'0221’103'7675636%1'0200’81'0347’ JLA W f
7 8.375 CeHsO4 [M+H]* 143.0335 143.0343 —2.67 96.0191,69.0332 i c
. 1-0-(3- T /i £)-6-O-a-L-Fi $iz
8 12.055 C15H260 M-H 365.1451 365.1451 0.29 303.1441,263.1128,221.1034,161.0442,143.0347,125.0246 ; ey d
15H26010 [M-H] A4 32 -B-D- MLk s ] 2 i F
9 13.159 CoHsO4 [M-H] 177.0194 177.0199 2.94 149.0226,133.0298,121.0290,105.0347 Lt A lie# b
10 13.77 Ca7H30016 [M-H] 609.1457 609.1463 0.78 490.1068,399.0704,339.0500,264.9707,121.0753 Luteolin-6,8-di-C-glucoside# a
1 14.214 C7Hs0> [M-H] 121.0293 121.0295 2.77 93.0317,92.0271,91.0183 A-F2 B R I s f
12 14.964 C17H28010 [M-H] 391.1611 391.1606 1.43 289.1279,247.1190,188.0550,161.0455,125.0240,99.0448 Dasycarpuside B 5144 d
13 16.13 C17H28010 [M-H] 391.1611 391.1603 0.53 329.1599,289.1297,230.1403,247.1166,179.0542 Dasycarpuside B d
14 16.357 Ca2sH32016 [M-H] 623.1617 623.1625 0.04 533.1332,503.1200,413.0883,383.0770,312.0645,221.0452 Chrysoeriol-6,8-di-C-glucoside# a
14 16.427 CH32016 [M+H]* 625.1728 625.1752 —1.32 607.1635,589.1538,571.1416,487.1226,409.0918 Chrysoeriol-6,8-di-C-glucoside a
48 - 4-O-B-D -7 2 i i 3
15 16951 CisHsOs [M-H] 357.1193 357.1174 166 195.0670,151.0767,136.0532 3- U 4%;;@?%*%%7‘: d
H
16 17.621 CoHgO3 [M-H] 163.0402 163.0408 —1.4 119.0502,117.0338,93.0335,91.0550 o FR A A RERH c
17 18.65 CyHsO3 [M-H] 161.0245 161.0242 0.92 133.0302,117.0344,105.0347,89.0402 T-REEE R b
18 19.027 Ci10HgO4 [M+H]* 193.0497 193.0491 0.23 178.0259,150.0312,137.0592,133.0286,122.0365 B T# b
18 19.152 Ci1oHgO4 [M-H] 191.0352 191.0343 0.68 176.0122,148.0158,104.0273 FETH# b
19* 19.421 Ci10H1004 [M-H] 193.0499 193.0500 1.52 178.0259,134.0370 BB TR c
20* 19.646 C17H32015 [M-H] 595.1669 595.1663 —0.09 459.1156,287.0558,151.0049 B H a




MR 1

No. tr /min Formula Adducts Theoretical Experimental Error/ppm MS/MS fragmentation Identification Type
20*  19.646 Ci7H3,015 [M+H]* 597.1783 597.1796 —4.04 451.1225,435.1281,417.1175,399.1063,289.0703,129.0548 AT a
21 19.729 Ci7H24010 [M+H]* 389.1407 389.1406 —6.32 275.0890,251.0920,227.0908,209.0804,191.0702,167.0699 3-epi-Swertiajaposide C f
22% 1973 C27H30016 [M-H] 609.1445 609.1461 —0.65 461.3603,339.0706,301.0325,300.0258,271.0232,153.0647 BT a
23 21.036 C2H2:01 [M-HT 461.1080 461.1080 0.05 371.0765,341.0667,298.0478 Diosmetin-6-C-glucoside# a
23 21.12 C22H2:01 [M+H]* 463.1218 463.1223 —1.25 445.1119,427.1018,397.0918,367.0819,343.0805 Diosmetin-6-C-glucoside# a
24 21195 CigH22010 [M-HT 397.1135 397.1140 0.55 235.0617,191.0718,176.0481 Cnidioside B d
25 21907 C11H100s [M+H]* 223.0595 223.0605 —0.45 208.0366,190.0262,162.0314,134.0341,106.0413 SR Rl b
26 22.833 CioH1204 [M-HT 195.0659 195.0637 0.9 177.0539,151.0762,136.0528,121.0293 3'ﬁ%'2'$§$£'6': k- c
27*  23.156 C2sH3:015 [M+H]* 609.1817 609.1820 —0.42 463.1231,301.0707,129.0551 Fr A a
27*  23.235 C28H32015 [M-H] 607.1662 609.1667 —1.28 421.0842,299.0564,284.0324 Fr M ACH a
28* 2348 C28H34015 [M-H] 609.1812 609.1851 0.81 343.0830,301.0725,286.0492 B R a
28* 23525 C28H34015 [M+H]* 611.1968 611.1943 —0.03 449.1432,431.1326,303.0860 e R EF a
29 23.768 C11HoNO, [M+H]* 188.0700 188.0671 —35 170.0598,146.0593,144.0798,115.0542 3-I5| W YA R f
30% 23774 CgH1604 [M-HT 187.0972 187.0972 —14 169'0866'146'0288'%27%%%?9’123'5325'97'0660' T s c
31 24.317 C1oHgO4 [M-H] 191.0344 191.0362 0.4 176.0124,148.0170,120.0204 B S A b
32*  24.606 CuH1004 [M+H]" 207.0645 207.0632 —3.34 192.0393,191.0324,179.0683,163.0368,151.0735 6,7-~FHEEA TR b
33 24748 Ci1H100s [M+H]* 223.0595 223.0601 —0.45 208.0382,193.0133,165.0177,147.0065,119.0127 I 7 0 B A b
34 25.791 C1oHgO4 [M-HT 191.0344 191.0350 0.98 176.0116,148.0169,120.0213,104.0263 BT i s b
35 27004 CaHe2017 [M-HT 697.2342 697.2341 —1.29 545.0347,357.1186,339.1084,195.0666 A a
1-0- Z. [t #-3-0-[-1-584%-3-(4-
36 27155 CaoH3s018 [M-H] 685.1978 685.2004 —234 584.1711,541.1536,481.1331,439.1279, 397.1141,235.0612, gﬁf;ﬁfﬁ?ggzﬁ: d
2R TG -0- D~ I 78 457 B
37*  28.025 Ci6H1606 [M+H]* 3051013 305.1015 1.16 203.0339,175.0385,159.0442,147.0434,131.0484,119.0497 KGRI R b
37*  28.076 Ci6H1606 [M+COOH] 349.0928 349.0923 0.73 201.0200,145.0290,117.0340 KEFRFERTIAER b




SRR 1

No. tr/min Formula Adducts Theoretical Experimental Error/ppm MS/MS fragmentation Identification Type
38*  28.159 C1HsO4 [M-HT 201.0192 201.0189 —0.92 173.0240,145.0288,117.0341 - b
38*  28.184 C11Hs04 [M+H]* 203.0331 203.0325 0.17 147.0439,131.0486,119.0490,103.0518 - b
39 28.611 CasH42018 [M-HT 737.2268 737.2274 —1.98 575.1696,397.1365,235.0615,191.0713 b LRV NN f
40 28.913 Ci17H1507 [M+H]" 335.1124 335.1124 —0.76 317.1012,299.0905,233.0439,231.0280,203.0332 SETERN b
41 29.031 C10HgO3 [M+H]* 177.0534 177.0536 —2.6 133.0647,121.0642,91.0533 T-HEERTER b
42 32.81 Ci6H1206 [M-HT 299.0567 299.0563 0.61 284.0325,256.0406,151.0025,134.0355,107.0139 FEHAE a
42* 32955 C16H120s [M+H]" 301.0703 301.0715 —0.88 286.0466,258.0518,229.0476,153.0166 HFEHAZE a
43 33.421 C16H1405 [M-HT 301.0722 301.0713 1.42 286.0482,258.0868,242.0578,164.0117,151.0042 s 2% a
5,7-Dihydroxy-2-(4-hydroxy-3-
44 34.328 CisH160s [M+H]" 361.0914 361.0912 —3.47 346.0677,331.0424,303.0529,107.0535 methoxyphenyl)-6,8-dimethoxy- f
4H-chromen-4-one
45* 34496 C11H1004 [M+H]* 207.0645 207.0611 0.32 192.0414,164.0463,151.0750,149.0233,133.0645,121.0644 57-—HEEFLTER b
46 34.722 C26H3400 [M-HT 489.2129 489.2128 —0.52 471.2039,333.1333,261.1495,203.1076 % BRI KR RS e
47* 35601 C12HgOq4 [M+H]* 217.0486 217.0495 —0.89 202.0255,174.0311,146.0350,131.0502,115.0539 T N b
48 37.31 C16H1405 [M+H]* 287.0905 287.0889 —1.04 203.0336,175.0367,147.0440,131.0486 AALRTER b
49 37.591 C17H160s [M+H]* 317.1005 317.1043 —1.23 299.0898,231.0283,176.0627,132.9903 EEVEN] b
50%* 38.94 Ca6H300s [M+COOH] 515.1923 515.1913 0.92 469.1873,381.1463,229.1218 FrEER e
50*  39.087 Ca6H300s [M+H]* 471.1993 471.1987 —2.72 425.1961,161.0598 s e
51 39.376 CasH36010 [M-H] 531.2214 531.2226 0.5 471.2014,427.2119,325.1790,125.0610 T K AR R e
51 39.514 CasH36010 [M+H]* 533.2387 533.2358 —1.18 469.2182,377.1718,369.2050,215.1066,161.0597 T KRR e
L YARL A 7. AR
52 41.418 C17H1407 [M-HT 329.0660 329.0662 1.36 314.0438,299.0210,285.0417,271.0247,200.8468 356 %ﬂi‘;‘rﬁ;ﬁ %ﬂmiﬁ a
53 41.835 C16H1405 [M+H]* 287.0905 287.0910 —1.89 202.0256,174.0306,146.0374 HiE BH# b
54* 42195 C28H3400 [M+H]* 515.2271 515.2254 —1.36 469.2220,437.1952,411.2198,369.2052,187.0758,161.0599 KA e
54*  42.356 C28H2400 [M-HT 513.2121 513.2126 —0.49 453.1924,435.1817,391.1904,120.0455 KA e
Sk o O Ny e == -
55 42.465 C17H1407 [M-HT 329.0660 329.0670 0.98 314.0433,299.0192,271.0243,255.0292,201.0207 356 j@]f;é;@ 1;' AL a
" EXTT

56* 44.867 CasH3007 [M+COOH] 499.1965 499.1963 —0.34 453.1914,391.1919 AL e




SRR 1

No. tr/min Formula Adducts Theoretical Experimental Error/ppm MS/MS fragmentation Identification Type
56*  44.895 CasH2007 [M+H]" 455.2061 455.2040 —1.01 437.1935,409.1998,359.1267,315.1371,161.0590,95.0490 A e
57* 46265 Ci6H1404 [M+H]" 271.0956 271.0959 —2.17 203.0334,175.0386,159.0415 SIS b
58  47.244 C17H1605 [M+H]* 301.1070 301.1056 —0.92 245.0441,233.0440,218.0207,215.0326 e % b
— BRI RS —T—
59 48137 C1sH1604 [M+H]* 261.1113 261.1117 —0.68 205.0486,193.0494,175.0374, 165.0549,137.0572 S SRR 52‘; %57 FARE b
60 48358 Ci6H1404 [M+H]" 271.0956 271.0957 —2.92 203.0316,159.0426,147.0392 SERHTHH R b
61*  48.826 C1gH203 [M—H]" 297.1492 297.1495 0.91 228.0792,174.0321,146.0371,107.0866 w1 % P b
62 51.027 CigH3403 [M—H]~ 297.2438 297.2442 0.96 279.2329,155.1105 R IRH c
63 51274 CiHx0s [M-+H]* 295.2265 295.2246 —107 277.2152,179.1426,151.1111 (B.E)—9—Oxooctadeca—10,12 c
—dienoic acid#
64 54.853 Ci6H2.03 [M—H]~ 271.2280 271.2281 2.73 253.2171,225.2225,197.1907 & — - Fe R c
65 55.776 C1gH3502 [M—H]" 283.2647 283.2647 0.33 239.2387,175.8517 RAN c
66 56.187 C1sH3.0, [M—H]™ 279.2328 279.2338 2.14 261.2237,153.6678 DR c
67*  57.508 Ci6H2.0, [M—H]~ 255.2339 255.2337 3.24 237.2228,208.6312,159.8525 D3 c

VE: a Bl AT b, HEE: o BHE; d B e MPBWE;

fHAl . XPHREEXT S # E OO A oy





